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PART  XIII. 

{Contiiiued.) 

DISEASES  AND  INJURIES  OF  JOINTS. 


DISLOCATIONS. 

By  EMMET   RIXFORD.  M.I).,  San  Francisco,  Calijorma. 


GENERAL  CONSIDERATIONS. 

A  Dislocation  is  coininonly  dcfiiKMl  as  a  pcnnaiu'iit  displacenicnt  of  the 
articular  eiuls  of  the  Ixnies  foriniiif;  a,  joint.  .Most  writers  insist  iijion  the  word 
"permanent"  in  the  definition,  in  order  to  distinguish  between  the  displace- 
ments which  persist  ami  those  which  are  l)ut  momentary,  classifying  the  latter 
injuries  as  si)rains. 

The  term  Dislocation  is  conventionally  limited,  so  far  as  the  bony  fnime- 
work  of  the  body  is  concerned,  to  such  displacements  as  occiu'  in  perfect  or 
complete  joints  (diarthroses'l,  while  the  term  Diastasis  (standing  apart)  is  used 
to  ilesignate  traumatic  displacements  in  the  so-called  imperfect  or  "  half"  joints, 
such  as  the  sacro-iliac  synchondroses,  the  symphysis  pubis,  and  the  joint  lietween 
the  manubrium  and  the  remainder  of  tlie  stermim  (amphiarthroscs),  and  occa- 
sionally in  the  fixed  joints  (.synarthroses).  Traumatic  separation  of  the  epiphyses 
from  the  shaft  or  body  of  a  bone  is  also  commonly  called  a  diastasis,  but,  since 
these  lesions  and  the  displacements  in  the  fixed  joints  are  more  allied  to  fractures, 
they  are  classified  and  de^(■rib(■^l  with  them  rather  than  with  the  dislocations. 
In  diastases  the  cUsplacement  is  often  at  right  angles  to  the  plane  of  the  articular 
surfaces,  permitting  a  considerable  dt^grce  of  lateral  mobility  in  various  direc- 
tions; and,  wiiile  reduction  maj'  l)e  effected  in  these  cases  by  simple  pressure, 
retention  may  be  most  cUfficult. 

Clinically  a  sharp  distinction  is  to  be  made  between  a  complete  dislocation 
(luxation)  and  a  partial  (subluxation),  for  in  the  former  the  displacement  is 
so  great  that  the  articular  surfaces  have  completely  slipped  by  each  other  and 
remain  in  contact  only  by  their  opposite  edges,  in  which  position  and  by  reason 
of  this  \'ery  "sli])ping  by"  of  their  articular  ends  the  bones  are  locked  in  a 
position  of  equilibrium.  The  ligaments,  tendons,  etc.,  which  have  escaped 
rupture  ai'e  for  the  most  part  relatively  moi-e  rc^laxed  than  at  the  moment  when 
the  dislocation  passed  from  the  limits  of  j)artial  dislocation  and  became  com- 
plete. As  a  result  of  this  relaxation  of  ligaments,  there  is  permitted  in  most 
complete  dislocations  a  certain  degree  of  motion.  Pathologically  the  differences 
between  partial  and  com{)lete  dislocations  are  slight,  being  simjily  those  of  de- 
gree; ligaments  are  more  widely  torn  ami  periosteum  more  extensi^•ely  strii)ped 

from  the  bone  in  the  latter. 
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Dislocations  are  commonly  iliviilcil  ctiolo^ically  into  three  f;reut  classes — 
coiiRe'iiital,  pathological,  and  traumatic,— the  first  Ik  ini;;  present  at  hirth  and  ac- 
companied by,  if  not  the  result  of,  defective  development:  the  second,  the  result 
of  disease  hy  which  the  iMintour  of  the  .■iiiiruliu-  emls  (if  the  liones  or  the  resist- 
ance of  the  li<;aments  which  limit  the  motinns  of  a  joint  are  so  altered  as  to  per- 
mit of  (lisi)lacement  oceurrinji  with  little  or  no  force apjilieil:  and  thethird  heinjz; 
produced  by  trauma  in  a  substantially  normal  joint. 

As  are  fractures,  so  dislocations  are  said  to  be  siiiijilc  oi- c(im|ilicated, — a 
distinction  which  is  convenient  and  of  practical  value. — liut  between  the 
two  there  is  no  sharp  line  of  demarcation.  In  the  simplest  dislocation  there 
is  some  damage  done  the  neighboring  tissues — ligaments  are  stretched  or  torn, 
periosteum  is  stripped  up — and  an  infinite  munber  of  degrees  of  such  damage 
may  exist.  The  complications  which  are  commonly  considei-ed  in  this  connection 
are  fracture,  epiphyseal  separation,  laceration  or  pressure  paralysis  of  nerves 
and  injuiy  to  blood-vessels,  tendons,  mu.scles,  etc.,  in  proximity  to  the  joint. 
It  should  not  be  overlooked  that  a  com])lication  related  to  some  other  part  of 
the  body  may  attend  or  follow  dislocation  and  lie  the  graver  condition. 

Dislocations  are  also  di\ided  into  subcutaneous,  or  simple,  and  compound, 
indicating  non-exposure  or  exposure  to  the  air — an  old  distinction  antedating 
exact  knowledge  in  the  field  of  infection.  It  has  been  cnggested  that  "infected " 
would  be  a  preferable  term  to  "compound"  as  better  expressing  the  distinction. 
Wliile  the  word  "comi)ound"  in  it.self  does  not  express  any  pathological  dis- 
tinction, common  usage  would  seem  to  require  its  retention,  for  while  an  open 
fractui'e  or  a  dislocation  may  not  otherwi.se  differ  in  the  matter  of  danger  to 
life  or  time  of  healing  from  a  subcutaneous  one,  the  liability  of  infection  shoukl 
be  recognized  and  proper  precautionary  measin-es  be  taken  to  prevent  it.  An 
infected  dislocation  is  a  serious  matter  and  often  requires  prompt  and  efficient 
drainage  of  the  joint  to  prevent  .septic  alxsorjition  and  destruction  of  the  joint 
surfaces  and  consequent  ankylosis;  in  the  case  of  the  larger  joints  failure  in 
this  is  likely  to  lead  to  a  fatal  termination. 

When  a  l)one  is  dislocated  at  both  ends,  the  dislocation  is  said  to  be  double, 
or,  by  some,  total.  In  the  case  of  those  bones  which  articulate  on  both  sides  of 
the  body,  such  as  the  lower  jaw  and  vertebia",  dislocation  may  be  unilateral  or 
bilateral,  and  the  latter  is  sometimes  called  "  total."  As  there  is  much  ambiguity 
in  the  use  of  the  term  "total"  as  applied  to  dislocations,  it  may  well  be  dropped. 

By  habitual  dislocation  is  designated  a  condition  of  particular  susceptibility 
of  a  joint  to  dislocation  brought  about  most  generally  by  unequal  muscular 
tone  or  unecjual  bone  development,  oi-  by  lengthening  of  the  ligaments  and 
capsule,  so  that  comparatively  slight  force  will  produce  dislocation.  Such  a 
condition  is  allied  to  pathological  dislocation  in  that  stretching  of  the  capsule 
and  ligaments  may  be  the  result  of  effusion  into  the  joint,  but  it  is  oftener 
simply  the  result  of  previous  luxation  of  the  joint  followed  by  imperfect  heal- 
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ing,  by  which  some  of  the  ligaments  of  tlic  joint  may  have  l)ccn  lengthened. 
This  is  particularly  true  if  the  dislocation  he  once  or  twice  repeated.  Habit- 
ual luxation  is  most  common  in  the  shouldei-  because  of  the  shallowness  of  the 
glenoid  fossa  and  the  unusual  dependence  of  the  joint  on  the  tension  of  liga- 
ments and  nuiscles  for  stability. 

Closely  allied  also  to  habitual  dislocation  and  to  pathological  dislocation  is  so- 
called  spontaneous  dislocation,  by  which  is  meant  a  condition  of  a  joint  in  which 
the  patient  can,  vohuitarily,  by  making  certain  movements,  throw  the  joint  out. 
Like  habitual  dislocation  the  spontaneous  is  more  common  in  the  shoulder  and 
is  more  frequent  in  early  life  than  in  later  years.  It  would  seem  also  to  be  allied 
to  congenital  dislocation,  because  when  {)resent  in  otherwise  sound  children  it  is 
apt  to  be  the  result  of  defective  development,  and  in  certain  striking  instances  has 
been  multiple  in  the  same  individual  and  has  been  present  in  several  members 
of  a  family.  During  the  course  of  exhausting  diseases,  especially  in  childhood  — 
scarlatina,  typhoid — the  hips  and  the  shouklcrs  are  occasionally  dislocated 
with  no  greater  traumatism  than  that  incident  to  lifting  or  moving  the  ])atient 
in  bed,  and  the  dislocation  is  clearly  tlie  result  of  atro})hy  and  relaxation  of  the 
structures  limiting  the  range  of  motion  of  the  joint.  In  many  cases  spontaneous 
di-slocation  is  partial,  as  is  shown  in  many  individuals  Vv'ho  can  by  over-extension 
of  the  thumb  produce  a  subluxation  of  the  metacarpo-phalangeal  joint  poste- 
riorly, while  others  can  at  will  produce  a  subluxation  of  the  shoulder  by  simply 
relaxing  the  deltoid  muscle.  Some  indi\i(luals,  especially  yo;mg  girls,  whose 
joints  often  permit  of  an  extraordinarily  wide  range  of  motion,  readily  hyper- 
extend  the  elbows  an  1  shoulders,  in  w'lich  positions  dislocation-:  of  these  joints 
arc  easily  produced. 

Old  di.slocation  is  an  exj)ression  often  ajiplied  to  a  dislocation  which  can  be 
reduced  only  with  great  difficulty,  chiefly  because  of  the  changes  that  have 
taken  jilace  in  the  parts  by  reason  of  the  length  of  time  that  has  ela])sed  since 
the  occurrence  of  the  dislocation.  Because  of  the  complexity  of  the  subject, 
it  would  seem  impracticable  to  devise  a  perfectly  consistent  classification  of 
dislocations.  Attempts,  for  example,  satisfactorily  to  clas.sify  dislocations 
according  to  the  direction  and  character  of  the  causative  forces  have  proven 
failures.  The  conventional  classification  of  Malgaigne,  which  has  been  generally 
adopted,  is  anatomical.  It  is  based  on  the  static  condition  presented  after  the 
act  of  di.slocation  is  completed,  and  is  not  concerned  with  the  mechanism  by 
which  the  displacement  is  brought  about.  Primarily,  of  two  bones  forming  a 
joint,  that  which  has  been  moved  out  of  its  normal  relation  to  the  other  may 
properly  be  said  to  be  the  one  dislocated.  This  is  not  nece-ssarily  always  the 
distal,  yet  is  more  commonly  .so.  The  conventional  classification  then  simply 
assumes  for  ])urposes  of  description  that  it  is  always  so;  i.e.,  that  the  bone 
which  is  farthest  from  the  axis  of  the  body  is  the  one  said  to  be  dislocated. 
Thus,  one  would  speak  of  a  dislocation  of  the  upper  end  of  the  tibia  ratlier  than 
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of  tlu'  Iciwcr  end  (if  tlic  fciiiiir,  iiiil('|iriiil('iil  ly  nf  wiicllicf  in  ;i  iii\'cii  case  tlio 
dislocation  was  ])ru(luce(l  l)y  nioveineiitdf  llic  Icf;  on  the  fixed  thiiiii  or  of  the 
thigh  and  Ijody  on  the  fixed  leg,  as  sometimes  occurs  wlien,  in  falling,  a  man's 
leg  is  caught  between  timl)ers,  and  the  injury  to  the  joint  is  produced  by  the 
momentum  of  llie  icst  of  the  body. 

The  rule  is  sometimes  enunciated  as  follows:  Of  the  bones  forming  a  joint, 
that  is  said  to  be  dislocated  which  is  farthest  from  the  head  when  the  ]iatient 
is  standing  erect  with  the  hands  at  the  side.  The  objection  to  this  stiitement  is, 
that  it  would  i-e([uire  the  lower  of  two  vertebra'  to  be  designateil  as  the  one  dis- 
located, while  general  usage  insists  upon  the  reverse,  except  in  the  case  of  the 
coccyx.  For  example,  in  the  relatively  common  atlanto-axial  dislocation  the 
atlas  rather  than  the  axis  is  said  to  be  dislocated.  Practically,  therefore,  the 
sacrum  is  taken  as  the  central  point  rather  than  the  head,  and  this  is  after  all 
the  more  consistent  because  the  supjiort  of  the  spinal  colunm  isfi-omtlie  sacrum. 
Moi'eover,  the  vertebra'  diminish  in  size  from  below  upward. 

An  exception  to  the  rule  is  presented  by  dislocation  of  the  acroniio-clavicular 
joint,  where  usage  decrees  that  the  injury  shall  be  described  as  dislocation  of  the 
outer  end  of  the  clavicle.  Doubtless  the  I'eason  for  this  is  the  fact  that  the 
clavicle  is  so  much  smaller  than  tlie  scapula  and  appears  to  be  the  bime  moved 
in  the  dislocation.  However,  there  is  a  tendency  among  surgeons  of  late  to 
use  the  term  "dislocation  of  the  scapula."  Again,  dislocation  of  the  distal 
radio-ulnar  joint  is  generally  described  as  dislocation  of  the  head  of  the  ulna, 
although  the  ulna  is  relatively  moi'e  fixed  than  the  i-adius  in  relation  to  the 
framework  of  the  body. 

A.S  said  above,  the  term  dislocation  is  api)lied  by  pi'eference  to  the  thing  which 
is  moved  out  of  place,  viz.,  the  bone:  and  while,  by  metonymy,  one  may  speak 
properly  enough  of  the  dislocation  of  a  joint,  meaning  the  state  of  disorganiza- 
tion of  a  joint  consequent  on  the  displacement  of  one  of  its  constituent  bones, 
that  expression  fails  to  describe  the  condition  when  several  bones  enter  into  the 
formation  of  a  joint  and  one  or  more  of  them  are  displaced.  In  the  strife  for 
accuracy  some  writers  speak  of  dislocation  "  in  a  joint,"  and  others  go  so  far  as 
to  consider  only  dislocation  "at  a  joint." 

A  dislocation  may  be  conveniently  described  in  direction  by  the  simple  pre- 
fix of  forward,  backwanl,  upward,  downward,  inward,  or  outward,  when  the  term 
is  applied  to  a  bone. 

PATHOLOGICAL  DISLOCATIONS. 

Destructive  alterations  of  joints  occm-  in  a  variety  of  diseases  both  general 
and  local.  Of  the  former,  tabes  dorsalis  and  syringomyelia  are  most  prominent, 
and  their  local  manifestations  in  the  joints,  called  neuropathic  arthritis,  fre- 
ciuently  lead  to  spontaneous  luxation.     Syphilis  may  also  cause  destructive  in- 
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flaniniation  of  a  joint.  Among  local  diseases  leading  to  disorganization  of 
joints  permitting  dislocation  are  tuberculosis,  suppurative  arthritis,  osteomyeli- 
tis, arthritis  deformans  (Fig.  1),  and  tumors. 

Neuropathic  arthritis  affects  by  preference  the  large  joints,  most  frequently 
the  knee  and  hip  in  tabes,  and  the  elbow  and  shoulder  about  as  frecjuently  in 
syringomyelia.  Without  going  into  the  pathology  and  symptomatology  of 
these  affections,  it  may  be  stated  that  luxation  is  permitted  by  relaxation  of  the 
joint  capsule  and  ligaments  consequent  on  the  distention  of  the  joint  which  oc- 
curs in  the  early  stages  of  neuropathic  arthritis  and  is  followed  by  more  or  less 
degeneration  of  the  joint.     A  slight  trauma  will  then  produce  luxation.     Later, 


Fig.   1. — JIultiple   Dislocations  of  the  Carpal  Phalanges,   the  Result  of  .\rthritis   Deformans. 
(Roentgen  Department  of  I.ane  Hospital,  San  Francisco.) 


the  cartilages  are  eroded  and  the  ends  of  the  Ixjnes  finally  absorbed  to  so  great 
an  extent  as  to  offer  no  ol)struction  to  the  articular  ends  of  the  bones  sliiiping 
past  one  another.  At  times  this  process  is  accompanied  by  extensive  growth  of 
osteophytes  at  the  edges  of  the  intact  periosteum,  so  that  great  deformity  may 
exist,  with  limitation  of  movement.  Neui-o})athic  joints  are  seldom  painful,  so 
that  comparati\'ely  little  distress  is  caused  the  patient  l:iy  the  local  manifestation 
of  tluMJisease  or  by  the  dislocation.  Conditions  are  somewhat  different  in  the 
knee,  where,  if  the  displacement  be  great,  the  weight-bearing  function  is  lost. 
Therapeutically,  for  the  knee,  there  is  little  to  be  done,  although  in  a  few  cases 
resection  has  restored  the  weight-bearing  function.     (Hildebrandt.) 

Spastic  contraction  of  muscles  alone  may  cause  dislocation,  as  occurred  in 
the  hip  in  a  case  observed  by  the  writer,  the  result  of  a  tumor  of  the  dorsal 
spinal  cord.  The  hip  was  continuously  flexed  and  adducted  when  the  head  of  the 
bone  finally  was  forceil  out  of  the  acetabulum,  downward  and  backward. 
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Ill  llic  MT(iii(l;iry  ytagps  of  syphilis,  \-ai'i()iis  jdiiits  may  bo  (listcndril  witli  a 
serous  eft'usion  whicii  may  so  stretch  the  ligaments  as  to  permit  of  dislocation, 
and  in  tertiary  stages  destructive  jtrocesses  in  the  bones  may  lead  to  the  same 
deformity. 

'J'ubcrculosis  causes  pathnln^ieal  luxation  by  its  desti'iictive  actinu  on  liga- 
ments as  well  as  on  the  articulai-  ends  of  the  bones  of  a  joint.  It  may  affect  any 
joint,  but  is  more  connnon  in  the  hi])  and  knee.  In  practically  every  case  of  ex- 
tensive tuberculosis  of  the  knee  joint  there  is  subhi.xation  of  the  til:)ia  posteriorly, 
and,  although  this  seldom  progresses  to  a  definite  dislocation,  it  occasionally  does 
so.  In  the  hip  the  disease  inayci'odc  away  tlie  uppri-  rim  of  the  acetabidum 
as  well  as  the  heatl  of  the  fmiui',  thei'eby  destroying  the  structures  which  limit 
the  upward  thrust  of  the  femur,  antl  giving  rise  to  a  backward  or  iliac  lu.xation. 
The  escape  of  the  head  of  the  femur  from  the  acetabulum  may  take  place  sud- 


FiG.   2. — Pathfilo<^ical  Dislocation  of  tlie  Head  of  tlie  Radius  Forward,  in  Tuberculosis  of  the 
Elbow,      (llotntgen  Departnunt  of  Lane  Hospital,  San  Francisco.) 

denly,  but  more  often  it  is  a  gradual  transit.  This  condition  most  often  calls 
for  resection  of  the  joints  affected.  The  prognosis  is  much  better  in  young 
subjects,  but  the  indications  for  resection  or  amputation  should  be  sought  in 
the  articles  on  orthopedic  surgery  and  diseases  of  joints.     (See  Fig.  2.) 

Suppurative  arthritis,  i.e.,  arthritis  due  to  the  ordinary  pus-producing 
bacteria,  may  cause  so  great  an  amount  of  necrosis,  particularly  in  the  epiphyses, 
as  to  permit  of  pathological  dislocation.     (See  Fig.  3.) 


DISLOCATIONS. 


CONGENITAL  DISLOCATIONS. 


This  part  nf  the  subject  is  discussci.l  further  on  iu  the  present  vohune,  in 
the  section  devoted  to  orthopedic  surgery-. 


TRAUMATIC  LUNATIONS  IN  GENERAL. 

Etiology. — A  priori,  other  things  being  e(iu;d,  the  joint  liaving  tlie  greatest 
range  of  mobility  should  be  the  least  freciuently  dislocated,  because  of  its  yielding 
to  forces  tending  to  dislocation,  but  clinically  almost  the  direct  op])osit('  is  the 
fact.  The  shoulder  joint  has  the 
widest  range  of  mobility  and 
is  the  most  fre(|uentl}'  dislocat- 
ed of  all  the  joints  of  the  body. 
Of  the  joints  of  the  spina!  col- 
unui,  which  are  anatomically 
similar,  the  atlanto-axial  joint 
has  freest  mobility  and  greatest 
fretjueney  of  dislocation.  The 
rea.son  is  that  other  things  are 
not  ei|ual.  .loints  witli  tlie 
widest  range  of  moliility  are 
thereby  of  necessity  most  de- 
pendent for  their  stability,  not 
on  the  bony  parts,  but  on  the 
tension  of  soft  structures.  It 
hap])ens  also  that  those  joints 
which  liave  greatest  mobilitj' 
are  frequently  the  most  exposed 
to  injury  and,  as  in  the  case  of  the  shoulder,  one  can  only  say  that,  if  the  mo- 
bility were  le.ss,  dislocation  would  be  still  more  frecjuent  than  it  is. 

Most  true  dislocations  are  produced  primarily  by  "lever  action,"  the  bone 
dislocated  being  forced  beyond  the  limit  of  one  or  other  of  its  normal  motions,  as 
in  flexion  or  extension  l)y  which  the  ligaments  ordiiuirily  limiting  this  motion 
are  torn;  the  resistance  of  these  ligaments  being  overcome,  the  causative  force 
is  free  to  lift  the  articular  surfaces  apart,  acting  on  the  l)one  as  on  a  lever — the 
fulcrum  in  the  moment  of  lUslocation  usually  being  the  poiiit  of  contact  of  the 
bones  on  the  side  of  the  joint  opposite  to  that  of  the  torn  ligaments  at  a  con- 
siderable distance  from  the  axis  of  the  normal  movement  of  the  joint.  Perhaps 
the  .simplest  example  of  such  lever  action  is  in  the  common  l)ackward  dislocation 
at  the  elbow,  in  which  at  the  limit  of  extension  the  ligaments  on  the  volar  siile  are 


Fig.  3. — P.itliolofrical  Dislocation  of  Both  Bones  of  tlie 
I-'orearni  Backward  in  Snjipurative  Arthritis  of  the  Elbow. 
(Roentgen  Department  of  Lane  Hospital,  San  Francisco.) 
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put  on  the  stretch  and  tlic  ti|Mil'  tln'olcci-aiKin  is  in  contact  with  llic  iiuincrus  in 
the  olecranon  fossa.  Continuance  nl  force  in  the  direction  of  extension  lifts  the 
artieularsurfaceof  the  idnaotl'  that  of  the  hunnTus,  the  tip  of  the  olecranon  being 
at  the  fulcrum.  But  this  is  not  yet  a  true  dislocation.  Were  there  no  other 
elenient'of  force  active,  or  if  the  force  were  to  cease  at  this  point,  tiie  hones 
would  fail  hack  into  ])lace  and  the  resultin^i  lesion  woukl  be  a  spi'ain.  To  pro- 
duce the  posterior  dislocation  an  additional  foi'ce  must  be  active, — viz.,  a  thrust 
in  the  direction  of  the  shaft  of  the  ulna  by  which  tlie  olecranon  is  forced  up  on  the 
posterior  surface  of  the  humerus,  stripping:;  up  the  |ieriosteum  and  causing  the 
coroiioid  process  (if  not  broken  olT)  to  sli])  into  the  oh'cranon  fossa.  Since  such 
a  dislocation  is  most  frequently  pro(hiced  by  a  fall  forward  on  the  outstretched 
hands  the  longitudinal  eomjjonent  may  be  greati'r  than  that  producing  exten- 
sion, but,  being  resisted  by  the  interlocked  bones,  is  not  active  in  producing  dis- 
placement until  hyperextension  has  lifted  the  joint  surfaces  apart  by  "lever 
action." 

Similarly,  in  nearly  all  dislocations  the  conditions  are  more  or  less 
complicateil — there  are  active  a  number  of  forces  differing  in  direction, 
in  intensity  and  range  of  activity, — those  which  are  active  through  means 
of  levers  may  be  of  relatively  great  or  small  importance  according  to  cir- 
cumstances. 

In  dislocations  of  some  of  the  short  bones,  e.g.,  the  semilunar  l)one  in  the 
wrist,  it  is  ditticult  to  see  how  "  lever  action"  plays  much,  if  any,  part. 

In  a  much  smaller  number  of  dislocations  the  effective  force  is  a  simple 
thrust,  e.g.,  the  humerus  is  dislocated  down^vard  and  forward  in  a  considerable 
proportion  of  cases  by  blows  on  the  point  of  the  shoulder.  The  jjosition  of  the 
limb  at  the  moment  of  application  of  such  a  thrust  will  make  tlislocation  more 
or  less  likely. 

Akin  to  direct  thrust  is  transmitted  thrust,  by  which  a  short  Iione, 
being  sfjueezed  between  two  other  bones,  may  be  pinched  or  forced  out 
of  place — "cherry-stone"  theory  of  dislocation  of  the  carijal  semilunar 
bone.  (Albertin.)  By  transmitted  thrust  either  end  of  the  clavicle  may  be 
dislocated. 

The  primary  positions  of  bones  dislocated  are  few  as  compared  with  the 
secondary  positions  which  are  produced  by  persistence  of  action  of  the  causative 
forces  after  dislocation  has  been  produceil  or  by  the  application  of  new  forces 
as  when  the  position  of  a  dislocated  limb  is  changed  by  solicitous  friends  in 
misdirected  efforts  at  reduction;  e.g.,  in  dislocations  of  the  hip  the  primary 
position  of  the  head  of  the  femur  is  mo.st  frequently  below  the  acetabulum,  but 
secondarily  it  is  thrown  anteriorly  or  posteriorly,  in  fact  may  be  forced  into 
almost  any  position  about  the  acetabulum,  separating  the  capsule  from  its 
neighboring  structures  and  occasionally  even  twisting  the  capsule  arountl  the 
femoral  neck. 
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Frequency  of  Dislocation's. — TIk'  following  tables  are  taken  from  Stlin- 
son's  "Fractures  ami  Dislocations,"  revised  fifth  edition,  1907,  and  are  repro- 
duced in  full. 

"Compared  with  othei-  surgical  injuri(>s,  dislocations  are  iiifrenuent;  the 
pro|;ortion  to  fi-actures  is  about  1  to  10. 

"  These  tables  show  the  great  relative  frequency  of  dislocations  of  the  upper 
extremity  as  compared  with  those  of  the  lower.  Each  set  of  statistics  shows  that 
dislocation  of  the  shoulder  is  far  more  conunon  than  that  of  any  other  joint, 
and  that  next  in  frecjuency  come  dislocations  of  the  elbow.  These  two  disloca- 
tions may  be  estimated  as  together  com])i-ising  from  two-thirds  to  three-fourths 
of  all  cases,  excluding  the  phalanges. 

"As  between  males  and  females,  Malgaigne  and  Gurlt  found  the  injury  three 
times  as  frequent  in  the  former  as  in  the  latter;  Kroenlein  found  it  five  times 
as  great.  Dislocations  of  the  lower  jaw  ai'e  an  exception,  being  fovu'  times 
(Kroenlein)  as  fre(iuent  in  women  as  in  men. 

Dlslocation-.s    at  the  Hud.son  Street  Hospit.^l,    New  York,  1S94-190.5.     Hospital  and 

DisPKNs.^RY.     (Lewis  A.  Stimson.) 


Hip,  dorsal 19 


"     thjToid 

Knee 

Semilunar  cirtilage 

Patella,  outward.    .  .    .    .  . 

Head  ol'  fibula 

.■\nkle 

Astragulu.s 

Suba.stragaloid. 

Metatarsus  and  phalanges 


3 
12 

1."? 
9 
1 
5 
5 
5 

17 


J-  Lower    extremity,  89 — 5.82  per  cent. 


Clavicle,  outer  end 69  ^ 

sternal  end 12 

Shoulder 617 

Elbow 156 

Head  of  radius* 18 

Una,  upper  end.                                       ,  .  13 

lower  enil.            8 

Carpu.s 7 

trapezium 1 

"       semilunar 5 

"       scaphoid 3 

OS  magnum 1 

Metacarpal 80 

Metacarpo-phalangeal  and  phalangeal  .  .  378 


I'pper  extremity,  1,308 — 89.59  percent. 


Lower  jaw 

Vertebrte 

Chonclro-sternal 

Sacro-iliac  synchondrosis 


61 
6 


,   I"  Head  and  trunk,  70 — 4., 58  per  ce 


nt. 


1,527 


♦Including  cases  with  a.s.sociated  fracture. 
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T.\ni.r,  OF  Foui!    11i-ndi;i:i)  Hici.nt  T];.\i\ma]ic   Dislocations.     IIh.simtal  and  Polyclinic. 

(KitOKNLEIN,*    AS    (ilVKN     HV    ^'tIMSON    IN    "  KUACTUHKS    AM)     I  )lSI.OCATION.S,'' 

Fifth  Edition,  1907.) 


Joint.?. 


(  Iliac 

Hip }  Obtiiiatoi- 

/  Pubic 

KAee j  Lateral 

(  Patella  outward 

Foot Back\\  aril .  . 

Metatar.so-phalangeal 

[  Subcoracoid  anil  ( 
Shoulder J       axillary  \ 

)  Ere'cta 

[  Infraspinou.s 

Elbow  j  Of  forearm  backward, 

I  Of  radius 

Wrist Dor.sal  of  ulna 

Metacarpo-phalangeal 

Interphalangeal 

Sterno-clavicular 

Aeromio-davicular 

,  .  \  Unilateral 

Lower  jaw 

Cervical  vertebrae. 


Skx. 


M. 


Bilateral . 


180  23 

3 

1 
77 

9 

1 
23 

7 

4 
11 

2 


336  64 
400 


1 
2  53 

9 


69  88 


2 
48  35 


65  60  48 


19 


23 


Totals. 


"I 

3f 


203  -j 
3  r  207 


400 


94  ( 
15  [ 


4  I 
6f 


109 

1 

27 
8 
6 

11 

10 


400 


Percentages 

of 
Frequency. 


21   i 


1       -7  '<'■    ° 

1 . 7  r  °^  c^i 

I    u 

0.5     s  j; 

!    o 
0 . 7  J  - 


51.71 


27.2      S ' 

0.2  !>^ 
6.7'   "'^ 
0.2 
1.5 

2.7J  .00 
2.5  )  c  |^^ 
0.2^1^ 


*  Deutsche  Chirurg'e,  L'ef.  26,  p.  5. 

"The  following  table  siininiarizes  the  other  two  with  Malgaigne's  statistics 
of  the  Hotel-Dieu : 


Cases. 

Upper  Extremity. 

Lower  Extremity. 

Trunk. 

Malgaigne,  hospital 

Kroenlein,  hospital  and  polyclinic.  . 
Stimson,  hospital  and  dispensary  .  . 

491 

400 

1,527 

Per  cent. 
85 . 7 
92.2 
89.59 

Per  cent. 
12.6 
5  0 
5.82 

Per  cent. 
1.6 

2.8 
4.58 

"  Age :  No  age  is  e.xempt ;  dislocations  have  occurred  as  early  as  the  moment 
of  birth  and  as  late  as  the  age  of  ninety  years.  The  relative  liability  to  the  injury 
at  different  ages  is  shown,  not  by  simply  comparing  the  number  of  cases  observed 
at  those  ages,  but  by  also  comparing  the  numbers  of  people  at  those  ages 
living  in  the  community  whei-e  the  observation  is  made.  This  comparison  has 
been  made  by  Kroenlein  for  Berlin,  with  the  following  results; 


DISLOCATIUNS. 
Frequency  of  Dislocation  at  Different  Ages. 
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Age  Decades. 

1-10 

11-20     21-30 

31-40 

41-50 

51-60 

61-70 

71-80 

Absolute  frequency 

Rel.itive  number  of  people  living.  . . . 

Relative  frequency  as  computed  for 

equal  number  of  people 

44 
1,872 

10 

69 
1,620 

18 

88 
2,529 

15 

65 
1,679 

16 

60 
940 

27 

48 
599 

35 

23 

282 

35 

3 
117 

10  + 

"  From  this  it  appears  that  a  smaller  proportion  of  individuals  Ijetvvccn  the 
ages  of  1  to  10  and  71  to  80  years  receive  dislocations  than  in  any  other  dec- 
ade of  life:  and  tlie  highest  proportions  are  found  between  the  ages  of  .51  to  (>() 
and  61  to  70.  It  is  further  to  be  noticed  that  dislocation  of  the  shoulder  is  very 
rare,  and  that  of  the  elbow  very  common,  before  the  age  of  21  years.  Kroenlein's 
table  shows  that  of  207  cases  of  the  shoulder,  in  only  2  were  the  patients  less  than 
21  years  old,  and  that  of  109  cases  of  the  elbow  80  were  no  older,  the  age  in  31 
being  between  1  and  10  years,  and  in  49  between  11  and  20  years.  Compared 
with  fractures,  it  appears  that  the  liability  to  dislocation  is  least  during  those 
periods  of  life  in  which  the  liability  to  fracture  is  greatest ;  that  is,  in  infancy  and 
youth  and  in  old  age;  the  latter  part  of  this  statement  may  need  some  modifica- 
tion, for  while  dislocations  are  rare  after  the  age  of  70,  they  are  relatively  fre- 
quent in  the  preceding  decade.  The  liability  to  each  increases  from  adolescence 
through  middle  life." 

P.\THt)LOGY. — The  primary  elamage  dune  the  structures  forming  and  sur- 
rounding a  joint  comprises  laceration  of  the  capsule,  nearly  always  with  per- 
foration, laceration  and  stretching  (molecular  laceration)  of  other  ligamentous 
structures,  tearing  them  loose  from  bony  attachments,  often  \Aith  lamina;  of 
bone,  stripping  up  of  periosteum,  lifting  off  of  articular  cartilages,  etc.,  any  or 
all  of  which  may  be  present  and  to  which  shotdd  be  added  the  lesions  of  the 
local  convplications.  The  amount  of  hemorrhage  will  depend  on  the  size  and 
number  of  vessels  torn.  The  degree  and  extent  of  these  lesions  determine  very 
largely  the  symptomatology  as  well  as  the  prognosis  and  indications  in  treatment. 

Of  the  secondary  effects  muscular  spasm  deserves  first  mention,  not  only 
because  it  occurs  early  after  dislocation,  but  because  it  so  greatly  increases  the 
difficulty  of  reduction.  It  is  partly  voluntary,  but  is  also  largely  involuntary, 
and  is  the  result  of  beginning  inflammation  of  the  injured  tissues.  This  so-called 
aseptic  or  traumatic  inflammation  ordinarily  involves  the  joint  synovial  mem- 
brane as  well  as  other  structures,  giving  rise  to  more  or  less  serious  disturbance 
and  causing  tenderness  and  pain. 

More  remote  secondary  lesions  are  the  end  results  of  this  inflammation  and 
the  process  of  repair,  which  may  quite  completely  be  included  under  the  term 
cicatrization.     The  results  of  this  process,  with  contraction  of  scar  tissue,  depend 
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l;irf;;('ly  on  tlic  licgrco  of  (lisplaccinciit  of  the  iiijurcd  structures.  Hoiiy  iMmiiup 
may  hcdispljicod  vvlicii,  instead  of  uiiderfioing  absorption,  tliey  firow.  In  case  of 
non-reduction  of  tlie  dislocation  tiiese  l)ony  masses,  tof^ether  with  those  formed 
beneath  loosened  ami  displaced  ])eriost('nm,  fuinisli  fjr(>at  obstacles  to  reduc- 
tion. Adhesions  of  niisplacecl  soft  parts  can  be  torn  e\cn  when  ipiite  old,  but 
while  such  new  bone  can  be  fractured  by  niani])ulation  it.  can  seldom  be  gotten 
out  of  the  way  sufficiently  to  permit  of  reduction  except  byojjen  operation. 
(Fig.  4.) 

Whei-e  the  dislocation  is  not  reduced, a  librinousdeposit  forms  on  tliecartilagi- 
novi.s  surf.aces  within  the  joint  and  e\-entually  fills  the  hollow  spaces.     This  de- 


FiG.  4. — Old  Unreduced  Posterior  Dislocalioii  of  Both  Bones  at  the  Elbow,  Sliowing  Newly 
Formed  Bone  Beneath  the  Strijiped-up  Periosteum.  (Roentgen  I^epartment  of  Lane  Hospital,  San 
Franrisco.) 


posit  organizes  and  finally  becomes  firm  fibrous  tissue  of  almost  cartilaginou.s  con- 
sistence and  may  eventually  become  ossified.  The  formation  of  a  complete 
synovial  sac  is  reported.  It  early  interferes  with  comiilete  reduction,  but  tends 
to  be  absorbed  when  partial  reduction  is  effected  and  pressure  is  brought  to  l)car 
upon  it  and  the  joint  is  systematical!}-  moved. 

Co.MFLic.\Tioxs. — Many  of  the  so-called  complications  of  dislocations  are 
caused  by  persistence  of  action  of  the  causative  forces  after  dislocation  has 
been  produced,  as  well  as  by  the  application  of  indcijendent  factors,  such  as 
rotary  or  twisting  forces.  Much  depends  on  the  age  of  the  patient;  compli- 
cating fracture  is  much  more  common  in  adults,  while  epiphyseal  separation 
occurs  in  childhood,  and  stripping  up  of  periosteum  is  more  likely  to  be  extensive 
in  the  child  than  in  the  adult. 

Injuries  to  the  blood-vessels  occur  more  frecjuently  in  the  aged  largely  because 
of  the  weakening  of  the  walls  of  the  blooil-vessels  and  loss  of  elasticity  by  athe- 


DISLOCATIONS.  15 

ronia.  They  are  more  common  in  cli.slocations  of  the  shoulder  than  in  those  of 
other  joints  and  are  favored  by  adhesions  resulting  from  previous  inflanmiation 
as  well  as  by  fracture  complicating  dislocation.  Serious  injury  of  large  blood- 
vessels is  more  common  as  a  result  of  manipulation  in  attempts  at  reduction 
of  old  dislocations  than  as  a  complication  of  recent  dislocations.  It  naturally 
increases  in  frequency  with  the  length  of  time  dislocation  has  remained  unre- 
duced. 

Vessels  of  some  size  may  be  torn  across,  this  accident  leading  to  the  forma- 
tion of  large  ha-matomata  which  may  even  pulsate,  or  a  very  large  number  of 
small  vessels  may  be  torn  and,  in  individuals  with  a  tendency  to  hffimophilia, 
may  cause  large  hiematomata.  The  laceration  may  be  confined  to  the  inner 
coats,  when  there  may  result  no  other  immediate  symptom  than  cessation  of 
the  pulse  below  the  point  of  injury,  but,  later,  aneurism  may  develop. 

Injuries  of  nerves  in  the  neighborhood  of  tlislocated  joints  may  occur,  at  the 
time  of  dislocation,  by  crushing,  by  laceration  by  fragments  of  bone,  or  by 
stretching,  in  which  case  the  injury  would  be  said  to  be  primary.  In  an  unre- 
duced dislocation  a  degree  of  pressure  or  stretching  too  slight  to  affect  the  func- 
tion of  a  nerve  more  than  temporarily,  may,  if  persistent,  lead  to  serious  pressure 
paralysis.  Nerves  are  less  likely  to  be  injured  in  attempts  at  reduction  of  old 
dislocations  than  are  blood-vessels,  but  great  force  of  traction  will  sometimes 
produce  paralysis.  As  in  the  tlressing  of  fractures  so  in  the  bandaging  of  dislo- 
cations after  reduction,  pressure  paraly.sis  is  sometimes  produced.  The  possi- 
bihty  of  complications  in  distant  parts  of  the  body  should  prompt  careful 
general  scrutiny  at  the  earhest  opportunity. 

Symptom.vtology. — The  general  symptoms  following  dislocation  of  one  of 
the  larger  joints,  and  dependent  largely  on  the  degree  of  violence  suffered  and 
of  course  on  the  concurrence  of  other  injiu'ies,  are  those  incident  to  any  severe 
and  painful  injury;  viz.,  shock,  as  sho^^^l  by  general  weakness  with  lo^vering 
of  blood  pressure,  rapid  pulse,  pallor,  clanuny  sweat,  and  often  vomiting. 
These  are  followed  by  a  period  of  reaction  characterized  by  mild  fever — per- 
haps from  intestinal  derangement — with  increase  in  pain. 

Immediately  after  the  receipt  of  a  dislocation  the  joint  is  loose  and  the  tissues 
about  it  flaccid — it  can  be  moved  through  a  considerable  range  of  motion ;  but 
very  soon,  as  shock  disappears,  blood  pressure  rises,  inflammation  appears,  and 
puffiness  develops  into  definite  swelling,  which  continues  to  increase  till  the  whole 
region  about  the  joint  is  hard  and  tense.  Muscular  spasm  comes  on,  holding 
the  bones  in  elastic  tension,  and  permitting  only  a  relatively  shght  degree  of  mo- 
bility. In  addition,  there  are  evident  deformity  (easier  to  be  made  out  before 
swelling  has  occurred),  characteristic  attitude  or  position  of  the  limb  relative  to 
the  rest  of  the  body,  limitation  of  motion,  ecchymosis,  and  sometimes  vesica- 
tion of  the  skm;  crepitus  is  also  often  elicited. 

Diagnosis. — The  most  important  consideration  in  the  matter  of  diagnosis 
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is  that  the  examination  should  he  careful  and  thorough.  A  rough  diagnosis 
of  dislocation  scarcely  satisfies  modern  ideas,  either  as  to  determination  of 
piognosis  or  as  indicating  treatment.  Both  of  these  depend  too  much  on  the 
accuracy  of  determination  of  comiilications,  and  on  the  extent  and  degree  of 
daniage  to  the  joint  structures,  as  well  as  the  actual  size  and  anatomical  posi- 
tion of  bony  fragments,  etc.,  to  justify  haste  or  carelessness  in  diagnosis. 

As  a  routine  measure  in  all  cases  the  condition  of  the  nerves  and  blood- 
vessels passing  the  joint  should  be  determined,  the  attitude  of  the  limb  in  rela- 
tion to  the  rest  of  tlu;  body  should  be  observed,  and  the  direction  and  extent 
of  the  motion,  the  position  and  degree  of  the  swelling,  ecchymosis,  etc.,  should 
all  be  carefully  noted.  Cautious,  painstaking  palpation  may  be  necessary  for  the 
purpose  of  detecting  fracture  and  in  order  to  locate  bony  fragments  and 
to  ascertain  tlieir  relations  to  each  other.  The  relations  of  bony  landmarks 
should  be  noted  and  a  record  should  be  niaile  of  these  and  of  all  preceding 
diagnostic  facts. 

No  discovery  or  principle  has  had  such  wide  influence  toward  the  better  un- 
derstanding of  dislocations  and  toward  a  rational  treatment  as  that  of  the  Roent- 
gen ray,  the  importance  of  which  as  a  means  of  diagnosis  cannot  be  overes- 
timated. Wliile  one  would  hesitate  to  say  that  an  z-ray  picture  should  be  taken 
of  every  dislocation,  it  may  safely  be  predicted  that  the  more  often  it  is  done 
the  more  often  will  unsuspected  fragments  of  bone  be  discovered  within  the 
dislocated  joint  and  accurately  located.  By  its  aid  a  record  will  be  made  of 
the  exact  relative  position  of  the  bones  and  of  the  presence  of  complicating 
fracture,  on  which  data  treatment  and  prognosis  largely  depend.  It  should 
often  determine  the  necessity  of  primary  open  operation,  the  advantages  of 
which  over  late  operation  are  evident. 

While  the  z-ray  in  the  hands  of  one  who  would  profit  by  the  discomfiture 
of  a  confrere  who  has  labored  over  a  dislocation  and  has  failed  to  secui-e  a  satis- 
factory result  without  it  may  lead  to  a  malpractice  suit,  a  good  picture  taken 
before  treatment  is  begun  will  not  only  cause  many  an  error  in  diagnosis  to  be 
avoided  and  thereby  often  cause  the  unfortunate  result  to  be  forestalled,  but 
it  will  furnish  a  record  which  may  show  that  the  result  was  not  only  to  be 
expected,  but  was  inevitable. 

Again,  where  there  is  doubt  as  to  the  completeness  of  reduction  or  as  to 
whether  retention  has  been  satisfactory  after  reduction  and  after  the  permanent 
dressing  has  been  apphed,  the  x-ray  will  often  determine  the  matter,  even  through 
non-metalUc  splints  and  plaster-of-Paris  dressing. 

Prognosis. — Reduction  of  nearly  all  dislocations  is  easily  effected,  and  with- 
out a  general  anaesthetic,  during  the  period  of  primary  shock  before  muscular 
spasm  has  set  in,  but  the  difficulties  of  reduction  increase  in  nearly  direct  ratio 
to  the  time  which  has  elapsed  thereafter.  The  earliest  hindrance  to  reduction 
is  muscular  spasm,  which  in  powerful  individuals,  especially  if  they  are  under 
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the  influence  of  alcohol,  may  require  the  use  of  great  force  or  else  a  general 
anaesthetic.  In  individual  joints  special  anatomical  conditions  interfering  with 
reduction  occur  and  wll  be  discussed  in  connection  with  the  joints  involved. 

If  reduction  is  effected,  the  final  functional  result  is  dependent,  among  other 
things,  on  the  duration  of  the  dislocation  before  reduction  (amoiait  of  new  bone 
thro\\Ti  out,  inflammatory  exudates,  etc.);  and  the  influence  of  time  in  bringing 
about  absorption  of  such  exudates  is  most  important.  In  other  words,  even  if 
reduction  be  effected  after  enough  fibrous  tissue  or  even  bone  has  formed  to 
interfere  witli  motion  of  the  joint,  it  is  permissible,  in  the  absence  of  serious 
inflammation,  ostco-arthritis,  antl  the  like,  to  expect  that  more  or  less  absorp- 
tion will  take  place  in  time  and  with  movement  of  the  joint,  so  that  after  six 
months  or  a  year  the  function  will  in  nearly  all  such  cases  be  far  better  than 
at  the  end  of  the  first  month. 

If  reduction  is  not  effected  the  final  result  will  depend  on  the  amount  of 
damage  done  by  the  original  injiu'y  or  by  efforts  at  reduction,  on  the  amount 
of  new  bone  and  inflanmiatory  deposits,  on  the  degree  of  displacement  of  lacer- 
ated structures,  and  on  the  amount  of  cicatricial  contraction.  These  conditions 
will  cause  ankylosis  or  at  best  great  limitation  of  motion,  persistent  tender- 
ness, loss  of  power,  and  deformity,  although  even  in  this  case  absorption  in 
time  will  give  some  improvement  in  function. 

In  a  few  individual  dislocations,  such  as  the  dislocation  of  the  humerus, 
forward,  a  new  joint  will  sometimes  form  in  time,  permitting  considerable  degree 
of  useful  motion,  and  in  anterior  luxation  of  the  hip  the  weight-bearing  function 
may  be  preserved. 

Treatment. — Partial  dislocations  are  often  spontaneously  reduced  v.hen 
by  any  means  tension  of  the  muscles  controlling  the  joint  is  relaxed.  Other- 
wise the  simplest  manipulation  will  generally  suffice  unless  there  be  present 
some  complication  preventing. 

Complete  dislocations  may  often  be  reduced  during  the  depression  and 
shock  which  follow  immediately  on  the  receipt  of  the  injury,  and  not  infrequently 
reduction  is  made  at  this  time  by  friends  who  pull  on  the  dislocated  limb;  where- 
as in  similar  cases,  after  shock  has  been  overcome  and  muscular  spasm  has  set  in, 
the  difficulties  of  reduction  may  be  great. 

So  much  depends  on  the  tension  of  the  muscles  that  the  reduction  of  a  dis- 
location, which  in  an  individual  of  feeble  muscular  power  may  be  effected  without 
diflJiculty,  may  be  all  but  impossible  in  one  powerfully  muscled,  especially  if  the 
patient  be  under  the  influence  of  alcohol.  In  such  a  case  a  general  anesthetic 
should  be  given  as  a  primary  matter,  rather  than  to  use  it  after  strenuous  efforts 
at  reduction  have  failed.  In  man}'  cases  of  recent  luxations  nitrous-oxide  anaes- 
thesia will  be  sufficient,  but,  if  the  case  is  found  to  be  a  stubborn  one,  full  ether 
or  chloroform  anaesthesia  should  be  induced. 

In  general,  with  the  muscles  entirely  relaxed,  complete  dislocations  can  be  re- 
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(luccd  witli  llicuscof  hill  little  forco  if  l)y  manipulation  llic  icnt  in  the  capsule 
is  round.  1  refer  ])artieularly  to  the  hip  itiid  slioiildcr,  where,  if  the  rent  be 
not  found,  gi-eat  difficult}'  will  be  encountered.  It  is  inip(jrtant  to  remember 
that  a  rent  in  the  capsule  may  change  its  form  greatly  with  change  of  position 
of  the  liinl),  particulai'ly  in  rotation,  even  to  tlie  extent  of  a  spacious  rhom- 
boid being  reduced  to  a  mere  slit  between  parallel  sides,  and  this  may  deter- 
mine the  difference  between  reducibility  and  irreducibility.  Care  should  there- 
fore be  taken  to  reproduce  as  nearly  as  jjossible  the  position  of  the  limb  at  the 
moment  of  dislocation.  The  head  of  the  bone  dislocated  should  be  led  back 
along  the  course  it  took  in  the  whole  process  of  dislocation.  In  any  event  the 
preliminai'v  efforts  at  I'eduction  should  be  directed  to  relaxation  of  muscles  by 
ana'.sthesia  and  by  position  of  the  limb  and  to  searching  with  great  gentleness  for 
the  rent  in  the  capsule.  With  these  two  principles  in  view,  the  great  majority  of 
dislocations  can  be  reduced  if  taken  early  and  if  no  hindering  complication, 
such  as  a  fragment  of  bone  lying  in  the  joint,  is  present.  As  said  above,  the 
x-ray  is  invaluable  in  the  latter  event  an<l  should  l)e  most  useful  in  preventing 
the  futile  use  of  force. 

The  use  of  great  force  is  never  justified  in  the  i'eduction  of  refractory  dislo- 
cations provided  the  surgeon  has  proper  knowledge  and  facilities  for  perform- 
ing an  0]M'n  operation,  since  the  danger  of  operation  is  often  small  as  compared 
with  that  of  injuring  vessels  and  nerves  and  causing  serious  fracture  where 
great  force  is  used.  The  day  of  tackles,  purchases,  and  screws  in  the  reduction 
of  dislocations  is  definitely  past. 

In  the  after-treatment  of  dislocations  the  torn  parts  should  be  jnit  at  rest 
till  the  rent  in  the  capsule  has  healed  and  the  inflammation  in  the  joint  and 
surrounding  tissues  has  had  time  to  subside.  For  the  major  dislocations  this 
would  amount  to  from  two  to  three  weeks;  but,  in  cases  with  much  tearing  of 
joint  structures  or  with  serious  complications,  a  longer  fixation  is  advisable 
in  order  to  avoid  the  tendency  to  recurrence  which  follows  imperfect  healing. 
Wlien  retentive  bandages  ai-e  removed,  massage  and  gentle  active  and  pas- 
sive movements  should  be  employed,  special  care  being  taken  not  to  move 
the  joint  more  than  a  fraction  of  its  normal  range  at  first,  and  only  gradually 
to  increase  the  range  of  such  active  and  passive  movement. 


DISLOCATION  OF  INDIVIDUAL  JOINTS. 

Dislocations  of  the  Vertebrae — Dislocation  of  the  vertebrae  is  not  common  and 
at  one  time  was  supposed  not  to  be  possible  except  as  a  complication  of  fracture. 
However,  it  is  now  established  that  diastasis  and  dislocation  as  well  do  occur, 
both  with  and  without  complicating  fracture.  It  is  important  to  distinguish 
between  those  cases  in  which  displacement  is  the  result  of  fracture  and  those 
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in  which  the  fracture  is  an  insignificant  complication  of  dislocation,  but  clini- 
cally such  differentiation  may  be  very  difficult. 

By  tliastasis  is  understood  separation  of  the  liody  of  one  vertebra  from  that  of 
its  neighbor  next  belnw,  witliout  much  horizontal  displacement  (Koenig),  in- 
volving laceration  of  the  intervertebral  disk  and  the  connecting  ligaments  or 
at  least  separation  of  the  vertebral  bodies  from  each  other  in  front  or  l^ehind, 
the  articular  surfaces  remaining  practicall}'  in  hue  with  each  other.  It  may 
occur  as  the  result  of  excessive  extension  (dorsal  flexion),  the  point  of  contact 
of  the  vertebra'  posteriorly  being  the  fulcrum  aliout  wliich  the  excessi^•e  rota- 
tion or  extension  occurs.  This  point  is  in  the  first  instance  the  point  of  contact 
of  the  apices  of  the  articular  processes  with  the  lamina>,  but  further  exten.sion 
may  bring  the  lamina*  themselves  or  the  sjiinous  jjrocesses  into  contact,  and 
thereby  change  the  j)osition  of  the  fulcrum  fartlier  back.  I'nder  these  cir- 
cumstances fracture  of  one  or  more  of  the  articular  jjrocesses,  spinous  processes, 
or  lamina?  is  very  hkely  to  take  place. 

Dislocation  of  a  vertebra  may  be  forwaid  or  backward,  and  either  may  be 
partial  or  complete:  the  complete  is  .seldom  simple,  but  is  apt  to  be  compli- 
cated l)y  fractuie  of  an  articular  process  or  by  laceration  or  separation  of  the 
interverteliral  disk  and  various  ligaments. 

Dislocation  forward  may  be  bilateral  (double)  or  unilateral;  in  the  former 
case  it  is  the  result  of  excessive  flexion,  by  which  the  articular  processes  of  the 
u]3i^er  of  two  vertebrir  are  slijjped  uiiwaicl  over  the  apices  of  their  articulating 
processes  from  the  vertebra  next  below  and  lodge  in  front  of  them.  There  is 
of  necessity  more  or  less  anterior  displacement  with  laceration  of  the  syndes- 
mosis and  of  the  other  ligaments  of  the  arch.  The  capsules  of  the  joints  be- 
tween the  articular  processes  are  so  loose  and  extensive  that  the  displacement 
must  be  great  before  they  are  ruptured. 

Unilateral  dislocation  is  the  result  of  lateral  or  obliciue  flexion  (rotation) 
in  which  the  articular  processes  on  the  side  of  the  concavity  (sound  side)  are 
slipped  on  each  other,  the  apex  of  each  toward  the  base  of  the  other,  until 
arrested  by  bony  contact.  This  jKiint  furnishes  a  fulcrum,  and  further  lateral 
flexion  exaggerates  the  slipping  apai't  of  the  articular  pi'ocesses  of  the  side  of 
the  convexity  (unsound  side)  until  the  apex  of  the  upper  passes  in  front  of  that 
of  the  lower  vertebra  and  there  lodges.  Because  of  the  fact  that  the  axes  for 
the  physiological  lateral  flexion  movement  between  the  pairs  of  \-ertebra*  are 
not  precisely  horizontal  but  are  inclined  in  varying  degrees  forward  (in  the 
upper  part  of  the  neck  one  or  two  of  the  axes  are  nearly  vertical),  there  is 
always  present  a  certain  amount  of  axial  rotati(jn  of  the  body  of  the  upper  of 
two  vertebrae  to  the  side  of  the  concavity.  This  rotation  in  the  process  of 
dislocation  produces  an  oblique  shearing  strain  in  the  syndesmosis  and  tends 
to  prevent  bony  contact  of  the  edges  of  the  bodies  on  the  .side  of  the  concavity. 
.\dded  external  force  of  rotation  in  the  same  direction  will  then  markedly 
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increase  llic  tciuU-ney  to  di.slocutioii,  from  wliicli  rnci  utiiluteral  dislocation  is 
often  called  dislocation  by  rotation.  Backward  tlislocation  of  the  joint  on  the 
side  of  the  concavity  is  then  not  unthinkable  (Koenig),  but  the  tendency  thereto 
is  powerfully  resisted  by  tension  of  the  ligaments  of  the  articular  processes, 
the  tension  of  the  lateral  ligaments  l)etween  the  \ertebral  Ijodies,  and  even  if 
it  does  occur  there  is  no  bony  resistance  to  reduction  of  tlie  displacement.  The 
lesion  might  more  properly  be  clas.sed  as  a  sprain. 

In  sucli  imilateral  ilislocation,  sometimes  called  dislocation  by  abduction, 
therc^  is  present  as  one  of  the  signs  of  dislocation  a  considcraljle  degree  of  axial 
rotation,  the  body  of  the  vertebi'a  being  displaced  to  tlie  side  opposite  to  that  of 
the  dislocation. 

Dislocation  is  most  frequent  in  the  cervical  region  and  least  frequent  in  the 
lumbar.  In  the  former  the  bodies  of  the  vertebrae  are  smaller  and  are  more 
nearly  cylindrical  and  the  articular  processes  more  nearly  horizontal,  by  reason 
of  which  facts  a  much  greater  ilegree  of  mobility,  not  only  of  axial  rotation,  but 
also  of  flexion  in  various  directions,  is  permitted.  In  the  dorsal  region,  although 
the  vertebral  bodies  are  not  large,  all  movements  are  greatly  hindered  by  the 
ribs  and  the  manner  of  their  attachments,  and  in  the  lumbar  region  the  bodies 
of  the  vertebrae  are  very  large,  especially  transversely,  by  reason  of  which  all 
movements  are  restricted,  but  especially  lateral  flexion.  Furthermore,  their 
articular  processes  are  strong  and  stand  nearly  vertically,  permitting  of  relatively 
slight  degrees  of  axial  rotation.  In  fact,  in  the  lower  lumbar  region  the  axes 
of  joints  between  the  articular  processes  are  almost  vertical,  by  reason  of  which 
arrangement  scarcely  any  other  motion  is  permitted  than  slight  veilical  dis- 
placement in  flexion  and  extension  of  the  lumbar  spine. 

Symptoms. — In  the  general  case  the  symptoms  and  signs  of  dislocation  of  the 
spine  are  the  following:  suggillation;  muscular  spasm;  rigidity  of  the  spine; 
pain  from  compression  or  injury  to  the  spinal  nerves  at  their  points  of  exit,  as 
well  as  pressure  paralysis  (mostly  unilateral  lesions) ;  symptoms  on  the  part  of 
the  spinal  cord  which  may  be  damaged  by  longitutlinal  traction  or  by  transverse 
compression  (the  upper  edge  of  the  body  of  the  vertebra  below  the  tlislocation 
and  the  lower  edge  of  the  laminae  of  the  upper  vertebra) ;  laceration  of  the  dura 
and  of  the  vessels  of  the  spinal  canal,  causing  haematoma;  and  signs  due  to  the 
displacement — viz.,  anterior  tlisplacement  of  the  vertebral  body  (in  the  neck  this 
can  often  be  felt  through  the  pharynx),  sharp  flexion  of  the  spine  at  the  point  of 
dislocation,  and,  in  the  case  of  rotation  (unilateral  dislocation),  a  rotary  deformity 
of  the  spine  to  the  side  opposite  to  that  of  the  dislocation. 

The  peculiar  forms  of  the  occipito-atlantal  and  the  atlanto-axial  articula- 
tions have  much  to  do  with  the  relative  frequencj'  of  dislocations  of  these  joints 
and  the  general  characters  of  the  same.  The  occipito-atlantal  articulation 
resembles  a  ball-and-socket  joint  because  of  the  fact  that  the  articular  surfaces 
are  nearly  spherical,  the  lateral  diameter  being  shorter  than  the  antero-posterior. 
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Tlic  concave  surfaces  of  the  atlas  arc  sometimes  called  the  glenoid  cavities  of  the 
atlas.  The  joint  permits  of  motions  in  all  directions,  but  more  widely  in  antero- 
posterior and  in  lateral  flexion;  the  axis  for  the  former  passing  through  the 
mastoid  processes  and  that  for  the  latter  passing  somewhat  above,  ^\'hile  the 
antero-posterior  axes  of  tlie  lower  vertebr;e  incline  forward  in  varying  degrees, 
the  axis  in  lateral  flexion,  on  the  contrar}-,  inclines  backward,  i.e.,  it  is  nearly 
parallel  to  the  basilar  jirocess  of  the  occipital  bone,  from  which  it  follows  that 
in  the  motion  of  lateral  flexion  of  the  head  the  vertex  and  the  chin  move  in 
opposite  tlirections,  /.c,  the  chin  rotates  to  the  opposite  side. 

The  atlanto-axial  joint  permits  of  axial  rotation  only  and  to  about  thirty 
degrees  in  each  direction  (right  and  left). 

The  movements  of  the  atlanto-axial  articulation  are  determined  chieliy  by  the 
odontoid  process  of  the  axis,  which  lies  in  a  sort  of  ring  made  up  of  the  ante- 
terior  arch  of  the  atlas  and  the  transverse  ligament.  This  ligament  is  of  great 
strength  and  is  firmly  attached  to  the  atlas,  and  besides  sends  a  process  down- 
ward to  the  body  of  the  axis  and  another  upward  to  the  occiput.  The  odon- 
toid is  prevented  from  slipping  out  of  this  ring  chiefly  by  two  lateral  check  liga- 
ments passing  from  its  apex  to  the  occiput  (ligamenta  alaria),  and  a  central 
vertical  bundle  passing  tlirectly  upward  to  the  anterior  edge  of  the  foramen  mag- 
num and  called  the  suspensory  ligament  of  the  odontoid.  Another  firm  broad 
ligament — the  middle  occipito-axial  ligament — ])asses  upward  from  the  posterior 
surface  of  the  bodj'  of  the  axis  to  the  occiput,  in  company  with  the  common  in- 
tervertebral ligament,  which  also  passes  ujnvard  to  the  occiput  in  front  of  the 
spinal  cord.  To  these  should  be  added  the  ligaments  in  front  of  the  spinal  col- 
umn and  behinil,  as  well  as  those  between  the  transverse  processes. 

It  is  interesting  to  note  that  the  axial  rotation  of  the  atlanto-axial  joint  is 
accompanied  by  a  simultaneous  depression  of  the  atlas,  due  to  the  peculiar  form 
of  the  articular  surfaces  of  the  axis,  and  by  means  of  this  the  shortening  of  the 
vertical  ligaments  mentioned,  especially  the  broader  ones,  due  to  the  twisting, 
is  compeJisat("d.     (Testut.) 

Dislocation  of  the  occijnit  (often  calh'd  dislocation  of  the  head)  is  exceedingly 
rare — Blasius  could  find  but  two  authentic  cases,  those  of  Boisson  and  Coste, 
both  of  which  were  [losterior  dislocations,  complete  only  on  one  side  and  incom- 
plete on  the  other.  In  Coste's  case  the  atlas  was  thrown  bodily  forward  by  a  blow 
on  the  back  of  the  neck,  causing  in  addition  an  anterior  dislocation  of  the  atlas, 
with  fracture  of  tlie  odontoid  process.  (Koenig.)  Doubtless  the  reasons  for  the 
extraordinary  rarity  of  this  dislocation  are:  the  depth  of  the  joint;  the  fact  that 
it  is  protected  by  the  overhanging  occiput  and  is  supplied  with  many  and  very 
strong  ligaments  and  controlled  by  many  strong  muscles;  but,  more  important 
still,  the  protection  afforded  by  the  readiness  with  which  excessive  strain  in  the 
occipito-atlantoid  joint  is  taken  up  by  the  atlanto-axial  joint  and  the  joints  of 
the  lower  cei'vical  vertebi'a'. 


22 


AMERICAN   PRACTICI';  OF  SURGERY. 


In  (lislocatiiiii  huckwunl  the  head  is  Hexed  forward  and  latei'alls'  to  the  .side 
opposite  to  tiiat  of  tlie  disloeation. 

Dislocation  ol'  the  nthmto-axial  joint  is  nmch  more  common.  It  occurs 
more  frequently  in  children,  perhaps  because  of  the  relatively  large  head  and 
certainly  vei-y  lai't^ely  because  of  tiie  relatively  luidevelojM'd  odontoid  process. 
It  may  be  a  simple  diastasis,  which  is  sometimes  associated  with  fi-actiu'e  of  the 
odontoiil  (cliai'aelerized  Iw  antcrioi-  (lexion)  and  which  niei'ges  into  anterior 
dislocation  \)vo\)vv  {iitclinaiwH  of  .Malf^aiiinei. 

Dislocation  of  the  atlas  may  be  unilateral  or  bilateral,  complete  or  partial, 
forward  or  backward.     (Figs.  5  and  0.)     Because  of  the  large  size  of  the  artic- 


FiG.  .5. — Unilateral  Anterior  Dislocation  nf  Atlas  in  a  Boy  of  Twelve  Years.  Showing  Wide  Angle 
between  Lamina'  of  Axis  and  Atlas.      (Roentgen  Department  of  Lane  Hospital,  San  Francisco.) 

ular  processes,  if  the  dislocation  is  complete  on  one  side  there  is  at  least  a  par- 
tial dislocation  on  the  other,  and  generally  in  the  same  direction. 

These  dislocations  are  jjroduced  by  indirect  violence  (very  exceptionally  Ijy 
direct),  by  a  fall  or  a  heavy  blow  on  the  head,  ]iro(lucing  sudden  and  excessive 
flexion  or  extension,  especially  if  combined  with  forward  or  backward  thrust. 
The  sutlden  lifting  of  a  child  liy  the  head,  etc.,  has  been  known  to  result  in  a 
rotary  dislocation.  In  all  of  them  the  spinal  cord  is  in  the  gravest  danger.  In 
complete  liilateral  dislocation  forward,  either  the  odontoid  process  is  fractured 
or  the  traus^'erse  ligament  is  torn.  Fracture  of  the  odontoid  is  a  favorable  cir- 
cumstance because  thereby  the  cord  may  escape,  i.e.,  if  the  horizontal  dis- 
placement is  not  excessive:  but,  if  not  fractured,  tlie  odontoitl  crushes  through 
the  cord,  producing  immediate  death  from  cessation  of  respiration.  Minor  de- 
grees of  injury  to  the  cord  may  result  in  more  or  less  extensive  paraplegia. 

In  complete  dislocations  backward  the  otlontoid  is  of  necessity  fractured, 
the  anterior  arch  of  the  atlas  being  structurally  more  compact,  and,  as  it  receives 
in  this  case  only  direct  force,  it  is  much  less  likely  to  give  way  than  the  odontoid 
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because  of  the  development  of  a  considerable  leverage  or  liending  movement  in 
the  latter.  In  this  case  the  damage  to  the  cord  will  depend  on  the  degree  of  dis- 
placement backward. 

In  partial  dislocations  or  in  those  wliich  are  unilateral,  where  the  articidar 
process  of  the  atlas  passes  anteriorly  to  that  of  the  axis  and  lodgers  in  front  of 
it,  there  is  generally  fracture  of  the  odontoid,  without 
which  the  cord  would  often  be  cruslied. 

Unilateral  dislocation  forward  is  liy  far  the  more 
common  of  these  dislocations  and  may  be  complete  or 
partial,  i.e.,  the  articular  process  of  the  atlas  on  that 
side  is  thrust  forward  and  in  case  of 
complete  dislocation  its  posterior  edge 
is  hookecl  in  front  of  the  anterior  edge 
of  its  fellow  on  the  axis ;  there  is  pres- 
ent then  a  rotary  displacement  to  the 
opposite  side,  with  marked  flexion  (if 
the  head,  so  that  the  chin  rests  on  tlie 
chest,  and  in  addition  the  head  is 
inclined  laterally  to  the  same  side 
(akluctcd)  and  is  hekl  rigidly  in  this 
position  by  muscular  spasm.  The  pro- 
jecting atlas  can  be  felt  in  the  pharynx 
and  a  corresponding  depression  beneath 
the  occiput,  with  unusual  i^rominence 
of  the  spinous  process  of  the  axis. 

Dislocation  of  the  atlas  by  simple 
axial  rotation  may  occur,  and  while  the 
odontoid  is  not  apt  to  be  broken,  the  medulla  is  still  endangered  because  when 
the  ligaments  are  torn  the  medulla  follows  excentrically  the  movement  of  the 
atlas  and  may  he  compressed  laterally. 

In  any  dislocation  of  the  atlas  death  may  ensue  at  the  very  beginning  from 
crushing  of  the  medulla,  or  it  may  occur  later,  even  after  a  week  or  more,  as  the 
residt  of  slipping  of  the  bones  or  fragments  at  that  time. 

The  .r-ray  is  of  some  considerable  value  in  the  diagnosis  of  dislocation  of  the 
cervical  vertelwa',  for  in  this  region  it  is  possible  to  take  a  lateral  radiograph  by 
which  not  only  will  antero-posterior  displacement  be  shown,  but,  in  the  case  of 
dislocation  of  the  atlas,  there  will  be  shown  the  very  marked  rotary  displacement 
forward;  lines  passed  through  the  arches  of  the  atlas  and  the  axis  should  be 
parallel— in  dislocation  forward  these  lines  make  an  angle  of  ten  to  thirty  degrees 
(James  A.  Kelly,  in  Annals  of  Surgei-i/,  Vol.  XLII.,  1905).     (See  Fig.  G.) 

Of  the  remaining  cervical  vertel3ra>  the  fourth,  fiftli,  and  sixth  are  most 
frequently  dislocated,  and  generally  forward.     E.specially  is  this  true  of  the 


Fig.  0. — .\ttitudc  Maintained  by  the  Patient  wliose 
Condition  is  Pictured  in  Fig.  5.   (Origin.al.) 
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fil'Ui.  Dislocation  hei'e  partake.s  of  tlic  iiciipral  characteristics  of  dislocation 
of  the  vertebra'. 

Dislocation  by  flexion  is  for\varil,  and  the  head  and  neck,  liesides  being 
flexed,  appear  to  be  driven  forward,  and,  according  to  tlie  degree  of  displace- 
ment of  the  articular  processes,  the  head  may  be  inclincil  citlicr  to  the  same 
side  as  the  dislocation  or  to  the  opposite  side,  and  whatevc  r  rotation  is  present 
is  always  to  the  opposite  side. 

Dislocation  by  rotation  may  be  forward  on  one  side  or  backward  on  the  other, 
or  both,  which  will  give  a  corresponding  variation  in  the  position  of  the  head. 

Tkeatment. — Treatment  of  cases  of  dislocation  of  the  cervical  vertebric 
should  be  directed  to  reduction  of  the  dislocation  and  subsecjuent  fixation. 
An  anfestlretic  should  be  given,  and,  to  prevent  a  sudden  movement  of  the 
head  when  the  muscles  relax,  the  head  should  be  held  by  the  operator  while 
the  anaesthetic  is  being  given.  Often,  when  relaxation  comes  on,  diastase.s 
and  partial  dislocations  reduce  themselves  spontaneously.  The  special  treat- 
ment relates  to  the  reduction  of  the  dislocation,  the  maintenance  in  po-sition, 
and  the  employment  of  measures  intended  to  lessen  or  cure  the  effects  of  the 
injury.  If  reduction  is  impossible  then  operative  practice  or  some  discreet  non- 
operative  niethod  should  be  utilized.  If  reduction  is  advisable  it  should  be 
promptly  attempted,  although  it  may  be  successful  after  the  lapse  of  a  week 
and  possibly  even  as  late  as  after  a  month  or  two  have  elapsed.  Before  any 
attempt  at  reduction  is  made,  especially  in  the  cervical  I'egion,  the  patient  or 
friends  should  understand  that  not  only  may  the  effort  fail,  but  tliat  jtressurc 
on  the  cord  may  be  caused  or  be  increased,  and  even  that  sudden  death  may 
attend  the  efforts  at  reduction.  The  possibility  of  failure,  and  of  grave  disas- 
ter from  the  manipulative  efforts,  should  incite  the  surgeon  to  a  most  careful 
consideration  of  the  diagnosis,  especially  in  its  j'elations  to  the  mamier  of  causa- 
tion, the  seat  and  direction  of  the  deformity,  and  the  consequent  method  of 
procedure.  In  urgent  instances  the  promptest  activity  is  demanded,  the  chief 
rehance  being  placed  on  traction,  supplemented  with  suitable  fle.xion,  rotation, 
and  pressure  of  the  spine.  If  reduction  cannot  be  accomplished,  and  if  opera- 
tive practice  be  not  advisable,  inunobilization  is  required,  so  that  suitable 
repair  of  the  parts  in  their  new  relation  may  be  secured.  It  is  often  surpris- 
ing how  good  are  the  results  which  may  thus  be  obtained. 

In  dislocation  of  the  occiput,  steady,  firm  traction  on  the  head,  attended 
with  direct  pressure  and  forward  or  backward  movements  of  the  head,  as  the 
case  may  be,  in  complete  dislocation,  and  with  extension  and  rotation  of  the 
head  toward  the  dislocated  side  in  unilateral  displacement,  affords  an  efficient 
and  easily  available  means  of  restoration.     (Fig.  7.) 

In  dislocation  of  the  atlas  the  relations  of  the  parts  concerned  are  of  such 
a  nature  that  the  employment  of  manipulations  should  be  resorted  to  with 
very  great  caution.    And  in  this  connection  the  fact  should  be  mentioned  that 
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Fig. 


-Continuous  Extension  of  the  Cervical 
Vertebra?.      (After  Lejar.s.) 


several  patient.';  with  presumptive  disloeations  at  tliis  situation  have  survived 

in  fair  condition  j^ersistent  displacements.     Some,  liowever,  have  .succumbed 

to  the  efforts  at  reduction. 

In  bilateral  dislocation  steady,  firm  traction  in  tiie  line  of  the  axis  of  the 

upper   segment   (backward    and   ujiwaid)   should   be    made,    the   lower    seg- 
ment   (the  neck)  being,  so  far  as 

possible,  held  inmioA-able  by  the 

hands.     Any    local   manipulations 

or  rotative  movements  should  lie 

riiade  continuously  and  with  a  cleai' 

conception   of  the  dangers  which 

they  in\dte. 

If  the  dislocation  be  unilateral 

the  head  is  rotated  to  the  sound 

side  while  the  extension  is  being 

made,  and  .subsequently  restored 

to  the  normal  position. 

In   dislocation   of   any   of   the 

lower  six  cervical  vertebra^  the  form  of  manipulation  will  depend  on  the  variety 

of  the  displacement.     (Tig.  8.)      In  the  case  of  subluxation,  increase  of  the 

lateral  flexion,  followed  by  slight  rotation  toward 
the  dislocated  .side  with  lessening  of  abduction, 
will  effect  restoration  in  many  instances.  A  fail- 
ure of  an  attempt  should  be  followed  by  a  repe- 
tition with  somewhat  increased  force. 

In  instances  of  complete  unilateral  dislocation 
Kocher  stretches  the  ligaments  of  the  unsound 
side  by  increasing  the  lateral  deflection,  while  at 
the  same  time  he  emplo3's  slow  traction  and  ro- 
tation toward  the  afTected  joint.  Rotation  toward 
the  sound  side  disengages  the  articular  processes  of 
the  oi^i;)Osing  side,  when  abduction  to  the  sound 
side  with  rotation  toward  the  unsound  carries  the 
displaced  articular  process  into  proper  position. 
In  bilateral  complete  dislocations,  first  one  side  is 
reduced  and  then  the  other,  according  to  the  man- 
ner just  described.  It  is  well  to  remember  that 
rotation  of  the  spine  above  the  seat  of  injury  should 
be  made  by  grasping  the  upper  segment,  and  not 

by  turning  of  the  head;  the  latter  manoeuvre,  being  used  for  the  purposes  of 

traction  and  counter-exten.sion,  is  attained  by  command  of  the  shoulders.     After 

reduction  of  the  dislocation,  the  head  should  Ije  supported  and  fixed  in  posi- 


FiG.  S. — Bilateral  Luxation  of 
the  Fifth  Cervical  Vertebra,  Five 
Months  Old.      (After  Blasius.) 
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(ion  by  sonic  siiilnlilc  appariilus  iiiaiiitainiiifi  occipitii-niriilal  tractiiiii,  or  a 
high  plaster-ot'-Paris  yoke  and  cnllar  sliiiiilil  he  applii'd  and  worn  I'oi'  al)out 
three  weeks.     (Fig.  9.) 

Even  with  sati.sfaetoiy  nieclianical  ticatniciit  these  lUslocations  are  apt  to 
Ileal  with  some  slight  displacement  oi'  a  fiactnred  pioeess  or  with  nnion  in  slight 
malposition  of  a  torn  ligament,  with  some  eonsecinent  limitation  of  movement. 

As  alreadv  mentioned,  dislocations  in 


the  dorsal  region  are  favored  Ijy  some 
and  hindered  by  other  anatomical 
arrangements.  The  surfaces  of  the 
articular  proces.ses  are  quite  vertical, 
an  arrangement  which  is  not  greatly 
opposed  to  dislocation  by  rotation  or 
flexion,  especialh'  in  the  presence  of 
fractm'e.  On  the  other  hand,  the  in- 
timate and  strong  association  between 
the  ribs  and  sternum  and  the  spine 
affords  much  protection  from  this  in- 
jury. AMiile  the  relations  of  the  ar- 
ticular processes  between  the  twelfth 
dorsal  and  first  lumbar  vertebra;  seem 
not  to  fa^•or  dislocation  so  much  as 
tio  those  above,  3'et  the  freedom  of 
motion  and  the  greater  demands  on  this 
part  of  the  spine  make  it  the  most 
common  seat  of  fracture  of  the  dor- 
More  than  half  of  the  dorsal  fractures  occur  at  this 
situation. 

According  to  Stimson  "bilateral  forward  and  backward  dislocations"  occur 
with  about  ecjual  frequency.  The  "  bilateral  in  opposite  directions  and  the  lateral  " 
also  hapj)en.  The  degree  of  the  primary  injury  and  the  extent  of  the  displace- 
ment control  the  degree  of  damage  done  to  the  cord.  The  common  causes  of  dis- 
location are  forcible  flexion  of  the  spine  and  direct  violence,  especially  due  to 
moving  vehicles  and  other  heavy  oljjects.  The  symptoms  are  related  to  the 
loss  of  power  and  deformity.  The  former  may  be  due  to  the  injury  alone  or  to 
complications  of  the  spinal  cord,  which  will  be  disclosed  by  careful  examination. 
Prominent  bony  points  may  be  noted  and  even  movable  fragments  detected 
when  fracture  is  present.  If  the  abdominal  walls  be  thin,  inequality  in  outline 
of  the  bodies  of  the  A'ertebra;  may  be  dctei-mined.  In  fact,  the  symptoms  of 
dislocation  and  fracture  are  so  nearly  alike  that  diagnosis  of  either  without 
operation  or  autopsy  is  uncertain,  and  it  is  largely  this  uncertainty  which  has 
led  to  the  use  of  the  expression  "fracture-dislocation."     Non-operative  treat- 


FiG.  9. — Pl.aster-of-Paris  Collar  used  in  tlio  fasf 
Pictured  in  Figs.  5  and  6.  The  final  result  was  a 
perfect  poise  of  the  head  and  nearly  complete 
mobility.      (Original.) 


sal  or  the  lumbar  region 
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nient  begins  and  ceases  with  tlie  advantages  gained  from  extension  and  coun- 
ter-extension, supplemented  with  mani]iuiation  addressed  anteriorly  to  ad- 
justment of  tlie  bodies  of  the  vertebra^  when  practicable. 

Recumbent  posture,  with  immobilization  by  plaster-of-Paris  or  other  suit- 
able material,  and  attention  to  the  functions  and  to  cleanliness  of  the  body 
are  also  enjoined. 

Dislocation  of  a  lumbar  \-ertebra  is  rare.  The  great  strength  and  the  mech- 
anism of  the  parts  concerned  almost  forbid  the  occurrence  of  an  injury  to  these 
jjarts.  But  three  or  four  cases  have  thus  far  been  recorded.  In  these  great  force 
caused  serious  injuries  of  the  vertebra^  with  more  or  less  displacement  of  the 
bodies  of  the  bones.  The  symptoms  distinctive  of  injury  of  the  cauda  equina 
are  not  well  defined ;  they  indicate  moi-e  or  less  circumscribed  involvements  of 
parts  and  are  not  of  that  general  nature  which  characterizes  injury  of  the  cord. 
Local  deformity  and  tenderness  and  even  bony  irregularities  of  the  processes 
and  bodies  of  the  vertebrte  may  be  made  out  liy  careful  examination,  as  in 
the  preceding  instance. 

Backward  dislocation  maj'  be  reduced  by  direct  pressure  on  the  spinous 
process,  with  extension  and  counter-exten.sion  of  the  spine.  In  forward  dislo- 
cation extension  and  counter-extension,  with  pressure  in  front,  might  be  effec- 
tive, especially  in  thin  peo]iIe. 

Dislocations  of  the  Pelvis. — Since  the  sacrum  and  the  ilia  joined  by  their 
synchoMilroses  form  integral  parts  of  the  pelvic  ring,  it  is  customary  to  regard 
diastases  of  these  half-joints  as  more  nearly  allied  to  fractures  than  to  dislocations 
antl  to  describe  them  under  the  head  of  fractures.  They  are  severe  injuries, 
the  result  of  great  violence  applied  generally  on  one  side  of  the  pelvis,  as  in 
falling  from  a  great  height  and  alighting  on  one  leg,  or  on  one  ischium,  or  b}' 
falling  astride  of  some  object  which  would  spreatl  the  ossa  innominata  apart,  oi, 
in  riding  a  Inicking  horse,  by  being  thrown  upon  the  withers.  Compression  vio- 
lence, as  when  the  pelvis  is  caught  between  opposing  forces,  is  a  not  infrecjuent 
cause.     Cases  have  also  been  reported  as  occurring  in  childbirth. 

Malgaigne  described  the  possible  disastases  as  of  the  symphysis  pubis,  of  one 
sacro-iliac  synchondrosis,  of  both  synchondroses,  of  one  synchondrosis  and  the 
symphysis  pubis,  and  of  all  three  articulations  together. 

In  diastasis  of  the  symphysis  pubis  there  is  abnormal  mobility  vertically  as 
well  as  horizontally,  which  interferes  with  locomotion  and  which  Ijrings  un- 
usual strain  on  the  sacro-iliac  synchondroses.  If  the  displacement  is  great  the 
sacro-iliac  joint  on  one  side  or  the  other  is  necessarily  spread  apart  and  the 
whole  OS  innominatum  is  loosened.  The  triangular  ligament  is  apt  to  tear  apart 
the  membranous  urethra,  and  there  have  been  described  cases  where  the  prostate 
has  been  ilamaged  and  even  the  bladder  ruptured  or  the  iliac  vein  or  artery 
torn  across. 

In  diastasis  of   the  sacro-iliac  synchondrosis   the  displacement  is  outward 
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aiul  luirkwiinl  brcaiU'^e  of  llic  ()l)li(|iiity  of  tlic  plane  of  the  joinl.  'I'lic  ahiionnal 
mobility  brings  severe  strain  on  tlie  ligamentous  apparatus  in  locomotion, 
causing  such  great  pain  as  often  completely  to  jjrevent  the  patient  from  walking. 
For  this  condition  Christopher  Heath  of  London  devised  a  stf)ut  ]jelvic  belt 
by  which  the  joint  surfaces  are  more  or  less  pi-essed  together  and  fixed,  and 
which  is  of  great  value  in  making  locomotion  ])ossible. 

It  should  be  reniembei'cd  that  the  sacro-iliac  joint  has  a  small  pseudo-syno- 
vial  sac,  as  has  the  symphysis  pubis,  and  permits  a  certain  degree  of  movement 
of  a  rotary  character  (from  five  to  ten  degrees)  abo.ut  a  transverse  axis  passing 
along  the  posterior  surface  of  the  sacrum  at  t  he  level  of  the  junction  of  the  first 
and  second  segments  of  the  sacrum  (Testut) — a  motion  which  materially  assists 
in  childbirth,  increasing  the  antero-posterior  diameter  of  the  pelvic  outlet,  and 
which  otherwise  is  produced  by  the  person  bending  sharply  forward  or  back- 
wartl  at  the  hips. 

A  notable  case  is  reported  by  Wilhelm  {Gaz.  des  Hopitaux,  1899)  in  which, 
as  the  result  of  direct  violence  on  the  sacrum  posteriorly,  this  bone  was  driven 
bodily  forward.  The  patient  was  able  to  walk  after  four  weeks,  but  with  a  gait 
resembling  that  of  double  hip  dislocation. 

Sprain  and  partial  dislocations  of  the  sacro-iliac  synchondrosis  are  considered 
by  Goldthwait  and  Osgood,  of  Boston,  as  often  produced  by  indirect  force  or 
by  muscular  action,  especially  in  twisting  of  the  trunk  while  lifting  heavy 
weights,  perhaps  with  the  weight  being  borne  more  on  one  leg  than  the  other, 
and  as  the  real  lesion  present  in  many  cases  of  so-called  "lame  back."  As  an 
evidence  of  the  presence  of  such  sprain  or  partial  dislocation  they  point  to  the 
fact  that  there  is  in  such  cases  pam  on  forced  flexion  of  the  thigh  when  the  leg  is 
extended  and  not  when  the  leg  is  flexed,  as  well  as  tenderness  elicited  by  pressure 
over  the  joint,  and  they  report  a  number  of  cases  in  which  certain  manipulations, 
generally  under  an  antesthetic,  have  brought  forth  a  bony  click  in  the  neighbor- 
hood of  the  sacro-iliac  joint,  followed  by  immediate  cessation  of  the  disabilit}^  and 
complete  relief,  save  for  soreness,  which  might  be  expected  to  persist.  After  re- 
duction as  thus  effected,  they  advise  fixation  of  the  parts  of  the  pelvis  by  firm 
application  of  straps  of  adhesive  plaster. 

Dislocations  of  the  coccyx — often  spoken  of  as  the  only  true  dislocations  of 
the  pelvis — are  not  common,  but  have  been  described  as  anterior  (forward), 
posterior  (backward),  and  lateral  (one  case),  the  result  of  direct  violence  as  in 
falls  in  a  sitting  posture.  The  lesion  is  singularly  painful,  probably  because  of 
the  nerves,  which  richly  supply  this  region,  passing  through  rigid  fibrous  struct- 
ures and  being  thereby  injured.  In  other  cases  there  is  left  a  chronic  inflam- 
mation of  the  sacro-coccygeal  joint  (coccygodynia)  set  up  by  the  traumatism, 
in  which  case  there  is  no  satisfactory  treatment  except  excision  of  the  coccyx, 
and  even  this  may  be  futile. 

Dislocations  of  the  Ribs. — The  ribs,  while  encompassing  the  thoracic  con- 
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tents,  maintain  the  relation  of  the  sterniun  to  the  si^inal  cokunn  and  at  the  same 
time  are  articulated  so  as  to  permit  of  considerable  movement  of  the  sternum 
and  change  of  volume  of  the  thoracic  cavity  in  respiration.  To  the  vertebra^ 
the  ribs  are  attached  each  by  two  joints,  one  on  the  l^oily  of  a  verteljra  and 
intervertebral  disc  and  the  other  on  the  transverse  process.  The  last  two  ribs 
lack  the  second-named  joints,  although  strong  ligaments  are  here  present.  The 
first,  tenth,  eleventh,  and  twelfth  receive  the  entire  heads  of  the  corresponding 
ribs.  To  the  sternum  the  hrst  seven  ribs  are  united  tluough  their  costal  carti- 
lages by  means  of  synchondroses  or  half-joints  with  double  facets.  The 
eighth,  ninth,  and  tenth  do  not  reach  the  sternum,  but  are  articulated  one  to 
another,  and  the  eighth  to  the  seventh  by  two  similar  joints. 

Dislocations  in  these  synchondroses  occur,  though  rarely,  ami  for  the  most 
part  on  the  application  of  direct  violence,  and  are  often  inconsequential  com- 
plications of  serious  fractures  of  the  ribs.  According  to  Stimson  (1905)  there 
have  been  reported  but  9  costo-vertebral  dislocations,  8  chondro-costal,  14 
chondro-sternal,  and  still  fewer  chondro-chondral  dislocations. 

In  the  costo-vertebral  articulations  dislocation  occurs  only  in  the  forward 
direction.  The  rib  end  may  enter  the  pleura  or  may  tear  the  accompanying 
intercostal  artery,  causing  severe  hemorrhage  into  the  pleura.     (Hoffa.) 

The  diagnosis  is  apt  to  be  obscured  by  the  thick  muscles  of  the  back  and 
the  results  of  the  local  traumatism  which  is  nearly  always  present.  It  may  not 
be  possible  to  exclude  fracture.  Diagnosis  is,  however,  to  be  made  on  the  sharply 
jminful  condition  following  a  severe  injury  to  the  chest  wall,  the  abnormal 
mobility  of  the  rib  posteriorly,  the  palpable  depression  over  it,  and  the  absence 
of  bony  crepitus. 

Dislocation  or  diastasis  of  the  costo-sternal  joints  is  shown  by  prominence  of 
the  sternal  end  of  the  cartilage  in  front  of  the  sternum  and  its  bulging  forward 
when  pressure  is  made  on  the  more  prominent  ribs  some  distance  away.  In  the 
case  of  the  joints  between  the  seventh,  eighth,  ninth,  and  tenth  costal  cartilages, 
indirect  violence,  muscle  traction,  as  in  lifting  heavy  weights  or  bending  sharply 
backward,  one  of  the  cartilages  may  be  loosened  from  and  slip  upward  and 
behind  the  next  cartilage  above  it. 

By  pressing  the  more  prominent  cartilage  upward  the  one  dislocated  may  be 
made  to  slip  out  into  place.  For  the  most  part  replacement  and  retention  as  or- 
dinarily effected  are  only  incomplete,  and,  although  the  region  may  be  acutely 
painful  for  a  time,  no  permanent  distress  is  apt  to  follow. 

Dislocation  of  the  Lower  Jaw.— The  tcmporo-maxillary  joint  is  the  only 
joint  in  the  body  furnished  with  a  capsule  large  enough  to  permit  of  luxation 
without  rupture.  (Hoffa.)  It  is  divided  into  two  cavities  by  a  meniscus  of  fibro- 
cartilage  which  partakes  of  the  forward  and  backward  movement  of  the  man- 
dibular condyle.  The  combined  motions  of  condyle  and  meniscus  are  equivalent 
to  a  rotation  about  a  horizontal  axis  at  about  the  site  of  the  internal  maxillary 
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foramen,  an  arrangement  beautifully  calculated  to  prevent  injury  to  the  nerve 
in  the  continual  movement  of  the  jaw. 

When  the  jaw  is  forcibly  opened  beyond  a  certain  point,  the  meniscus  is  lifted 
forward  over  the  articular  eminence,  and  luxation  I'esults.  Because  of  the  fact 
that  this  tubercle  is  not  fully  developed  till  adult  life  is  apjjroached,  luxation 
of  the  jaw  rarely  occurs  in  childhood.  Luxation  outward  or  inward  may 
accompany  fracture  of  the  jaw,  jjarticularly  of  the  ascending  I'amus,  but  does 
not  occur  otherwise.  Luxation  backward  is  ])ossible  in  some  individuals  (adult 
women,  Thiem)  because  of  the  development  of  a  veitical  process  behin<l  the  joint 
and  in  front  of  the  auditory  meatus  over  which  the  condyle  of  the  jaw  may 
be  caught.  Otherwise  a  retention  of  a  posterior  displacement  could  take  place 
only  after  fracture  of  the  anterior  wall  of  the  bony  auditory  meatus. 

The  typical  luxation  forward  may  be  unilateral  or  bilateral  and  may  be  pro- 
duced by  such  muscular  actions  as  gaping,  shouting,  striving  to  take  a  too  large 
mouthful,  etc.,  also  by  external  force  applied  to  the  chin  for  the  purpose  of  open- 
ing the  mouth  forcibly. 

When  dislocated  the  jaw  may  lie  moved  through  a  small  angle,  but  cannot 
be  closed.  Efforts  of  the  patient  to  close  the  mouth  merely  cause  the  condyles 
to  penetrate  deeper  into  the  tem])oral  fossa.  The  principal  obstruction  which 
prevents  spontaneous  reduction  and  which  holds  the  bone  in  elastic  tension  is  the 
external  lateral  ligament,  which,  instead  of  extending  obliquely  downward  and 

backward  in   luxation,  extends  obliquely  down- 
ward and  forward, — the  condyle  having  passed 
hrT\;:J  C  ^  )  )      anteriorly  to  it.     (Fig.  10.) 

""'***"'  The  position  of  the  jaw  is  characteristic:   in 

double  luxation  the  mouth  is  widely  open,  in 
unilateral  the  jaw  is  deflected  toward  the  sound 
side.  In  fracture  of  the  auditory  meatus  with 
posterior  displacement  of  the  condyle  the  jaw 
is  deflected  to  the  side  of  the  injury.  With  the 
mouth  in  the  characteristic  condition  in  luxa- 
tion, the  ])atient  cannot  pronounce  certain  conso- 
nants, cannot  chew  his  food  nor  close  his  lips,  for  which  reason  he  cannot  retain 
his  saliva.  There  are  a  palpable  depression  at  the  normal  site  of  the  condyle  and 
an  elevation  in  front,  both  of  which  may  l)e  visible  in  thin  individuals. 

If  the  luxation  is  not  reduced  the  deformity  gradually  becomes  less,  so  that 
in  time  the  back  teeth  may  come  into  contact  and  the  patient  be  able  to  close  his 
lips,  but  the  deformity  is  never  entirely  overcome.  The  condition  may  be  jmin- 
ful  from  pressure  on  filaments  of  the  fifth  nerve,  but  often  is  but  little  painful. 

After  dislocation  has  once  occurred,  it  is  apt  to  recur  and  may  become  habit- 
ual, so  that  the  individual  mu.st  be  constantly  on  guard  to  avoid  gaping  or  other- 
wise opening  the  mouth  too  widely. 


Fig.  10. — Dislocation  of   the  Lower 
Jaw  Forward.      (After  Tillmanns.) 
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Treatment. — In  recent  cases  reduction  can  generally  be  effected  very  easily, 
• — it  is  often  accomplished  by  the  patient  himself, — but,  on  the  other  hand,  in  a 
short  time,  because  of  inflammation  and  muscular  spasm,  reduction  may  become 
exceedingly  difficult. 

The  following  manijjulation  is  successful  in  most  cases:  the  patient  sits  up- 
right, his  head  steadied  by  an  assistant  behind  while  the  operator  stands  in  front. 
The  operator's  thumbs,  wrapped  with  gauze,  are  placed  on  the  molar  teeth 
on  either  side,  the  fingers  of  each  hand  grasping  the  body  of  the  jaw.  By  pressing 
downward  and  backward  strongly,  the  operator  is  generally  able  to  carry  the  con- 
dyle over  the  articular  tubercle,  and  as  his  thumbs  sliile  outward  into  the  cheeks 
the  teeth  come  together.  In  some  cases  it  is  found  advantageous  to  make 
backward  pressure  on  the  coronoid  jirocess.  In  other  cases  spasmodically  con- 
tracted muscles  require  to  be  stretched  ami  ligaments  relaxed  by  opening  the 
mouth  wideh',  and  the  above  manipulation  is  then  carried  out  with  the  jaw  in 
that  position.  In  the  manipulation,  the  lower  jaw  is  used  somewhat  as  a 
lever,  the  operator's  thumbs  being  the  fulcrum. 

Sometimes  in  double  luxation  success  is  reached  by  attacking  first  one  side 
and  then  the  other.  If  reduction  is  not  effected,  resort  may  be  had  to  section 
of  the  external  lateral  ligament.  Section  of  the  coronoid  process  has  been  shown 
to  be  of  no  advantage. 

In  an  occasional  refractory  case  a  general  anaesthetic  may  be  required. 

In  older  cases  an  anaesthetic  should  be  given  anil  adhesions  carefully  broken 
before  the  manipulation  is  attempted.  If  it  then  fails,  arthrotomy  should  be 
performed  with  section  of  the  obstructing  bands;  and,  if  reduction  is  not  then 
possible,  resort  may  be  had  to  resection  of  the  condyle,  an  operation  the  re- 
sults of  which  are  generally  very  satisfactory. 

After  reduction  is  accomplished  the  jaw  should  be  kept  at  rest  by  being  ban- 
daged firmly  to  the  upper  jaw  for  about  a  week,  the  patient  being  fed  on  liquids. 
He  should  be  cautioned  against  opening  his  mouth  widely  for  a  considerable 
length  of  time  lest  dislocation  recur  and  become  habitual. 

For  habitual  luxation  of  the  jaw  it  has  been  proposed  (Genzmer)  to  inject 
iodine  into  the  capside  to  jiroduce  constriction. 

Dislocations  of  the  Clavicle. — (a)  Sterno-clavicul.\r  Joint. — The  small 
size  of  the  .socket  of  the  sterno-clavicular  joint  relatively  to  that  of  the  head  of 
the  clavicle  strongly  favors  di-slocation ;  and,  were  the  joint  not  otherwise 
greatly  protected  and  endowed  with  a  limited  range  of  motion,  dislocation 
would  be  common.  As  it  is,  about  one  per  cent  of  dislocations  are  of  this  joint. 
(Stimson.) 

The  sterno-costo-clavicular  joint  is  a  ball-and-socket  joint,  for  it  permits 
of  flexion  in  all  directions  and  therefore  of  circumduction  and  axial  rotation  to 
some  degree.  The  flexion  movements  take  place  about  axes  which  are  a  little 
external  to  the  head  of  the  bone,  and  therefore  the  inner  extremity  always  moves 
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in  the  direction  opposite  to  tliat  of  the  outer.  Tluis,  in  depression  of  tlie  siioulder, 
the  upper  portion  of  the  eapsular  ligament  and  the  interclavicular  ligament  are 
put  on  the  stretch,  and  in  excessive  motion  in  this  direction  they  are  torn  and 
luxation  tiilces  place  upward.  Furtlierinorc,  llic  clavicle  linds  a  fulci-uni  on  the 
first  rib,  which  fact  still  fiuiher  favors  upward  displacement  of  the  inner  end 
of  the  clavicle  when  the  shoulder  is  forced  downward.  Similarly,  forcible  back- 
ward motion  of  the  .shoulder,  especially  if  comliinetl  with  lateral  tlirust,  will  tear 
the  anterior  portion  of  the  capsule,  producing  a  dislocation  forward,  while  ex- 
cessive forward  inovemcnt  of  th(^  shoulder  will  produce  a  backward  dislocation. 
Backward  dislocation  is  also  produced  by  ilirect  violence  applied  in  front. 

In  the  upward  dislocation  (Eig.s.  11,  12,  and  13)  the  head  of  the  clavicle  lies 
in  the  jugulum  and  between  the  sterno-mastoid  and  sterno-hyoid  muscles, 
while  in  the  forward  variety  it  lies  innnediately  beneath  the  skin  in  front  of  the 
sternum  and  the  tendon  of  the  sterno-mastoid  muscle.  In  the  backward  dislo- 
cation it  lies  behind  the  sternum  and  generally  behind  the  sterno-hyoid  muscle, 
but  the  relations  to  the  muscles  in  this  case  vary  and  depend  probably  on  varia- 
tions of  their  insertions.  In  all  of  these  dislocations  the  joint  cavity  can  be 
made  out  by  palpation.     In  all  of  them,  too,  the  shoulder,  lacking  the  support 

of  the  clavicle,  which  takes  the  place  of  a  strut, 
droops  downward,  forward,  and  inward  in  a  degree 
and  tlierefore  is  narrower  than  normally,  i.e.,  is 
nearer  the  spinal  column:  but,  although  its  move- 
ments are  impaired,  its  function  is  not  entirely 
lost.  The  dropping  of  the  shoulder  and  outer 
portion  of  the  clavicle  in  upward  and  in  forward 
dislocation  sometimes  causes  pressure  on  the  bra- 
chial plexus,  Nvhich  results  in  formication  in  the 
upper  extremity,  or  even  in  serious  pressure  pa- 
lalysis.  In  dislocation  backward  the  head  of  the 
clavicle  may  impinge  on  the  trachea,  deep  vessels 
and  nerves,  causing  pressure  symptoms  in  a  varying 
degree  and  of  variable  duration. 

In  a  few  cases  both  sterno-clavicular  jouits 
have  been  simultaneously  dislocated  forward,  and 
in  one  reported  by  Geissler  ("von  Leuthold  Ge- 
denkschrift,"  1906)  both  joints  were  dislocated 
backward,  the  trachea  being  compressed  between 
the  two  bones. 

Sternal  dislocation  (Figs.  13  and  14)  ma\^  be  complicated  by  fracture  of  a 
portion  of  the  articular  surface  of  the  sternum  or  the  clavicle,  and  in  the  forward 
dislocation  the  head  of  the  clavicle  may  tear  off  the  insertion  of  the  sterno- 
mastoid  muscle,  stripping  up  the  periosteum  of  the  sternum. 


Fig.  11.  —  Rear  View  of  the 
Right  Shoulder  in  a  Case  of  Dis- 
location of  the  Acromial  End  of 
the  Clavicle  Upward.  (After 
Helferich.)  Here  the  depression 
of  the  head  of  the  humerus  and 
the  acromion  is  quite  plainly 
visible. 
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Fig.  12. — Specimen  Shomng  the  Rela- 
tions of  tlie  Bones  in  an  Upward  Dislocation 
of  tlie  Clavicle.      (After  Ilelferich.) 


Both  ends  of  the  ckxviele  have  liecii  occasionally  dislocated  simultaneously, 
to  which  condition  the  term  total  dislocation  of  the  clavicle  has  Iwen  applietl. 

Habitual  luxation  of  the  inner  end  of  the  clavicle  is  not  very  uncommon 
and  may  result  from  recurrence  following 
reduction  of  an  ordinary  dislocation,  but  it 
may  also  occur  by  gradual  stretching  of  the 
ligaments  of  the  joint  from  continual  ex- 
cessive use  of  the  arm,  as  in  base-ball  pitch- 
ing, or  from  traction  of  the  sterno-cleido- 
mastoid  muscle,  as  in  scoliosis.  A  case  of 
this  sort  (Katzenstein,  Langenheck's  Archiv, 
LXIX.),  due  to  chronic  trauma  and  recur- 
rent after  suture  of  the  ligaments  and  .short- 
ening of  the  capsule,  resulted  in  pressure 
pai-alysis  of  the  brachial  plexus,  and  there- 
fore i-e(iuired  further  operation.  Removal 
of  the  meniscus  and  articular  cartilage  re- 
sulted in  cure  b}-  ankylosis. 

Acute  dislocation  can  generally  lie  read- 
ily reduced  l)y  making  outward  traction  on  tlie  arm  and  shoulder,  at  the 
same  time  drawing  the  shoulder  forward  or  l)ack\\-ard  or  upward  and  making 
direct  pressure  on  the  inner  end  of  the  chwicle.  Drawing  the  shoulders  back- 
ward against  the  knee  placed  be- 
tween them  ])osteriorly  is  a  good 
method  of  reducing  some  clavic- 
ular dislocations.  In  some  cases 
reduction  maj*  be  most  difficult, 
possil^ly  as  a  result  of  displace- 
ment of  the  meniscus,  of  a  com- 
plicating fracture,  or  of  locking  of 
the  end  of  the  bone  behind  the 
sternum.  Retention,  however,  is 
a  different  matter  and  is  seldom 
perfectly  accomplished;  i.e.,  after 
a  complete  luxation  there  is  prac- 
tically always  left  a  greater  moliil- 
ity  of  the  inner  end  of  the  cla-\-icle 
than  the  normal,  as  well  as  some 
degree  of  almormal  prominence  of 
the  head  of  the  bone.     Function,  nevertheless,  is  usually  perfectly  restored. 

Retention  is  best  accomplished  by  fixation  of  the  shoulder,  forwartl   in 
anterior  dislocation,  backward  in  posterior,  liy  a  figure-of-8  bandage  of  both 
VOL,  rv.— 3 


Fig.  13. — Dislocation  Upward  of  the  Distal  End  of 
the  Clavicle.  (Roentgen  Department  of  the  Lane 
Hospital,  San  Francisco.) 
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slioulciors  crossing  in  front  or  holiind  .is  I  he  case  may  lie.  An  axillary  l^ad 
will  materially  assist,  but  care  should  he  laken  to  prevent  elevation  of  the  arm. 
Sayre's  apparatus  for  fracture  of  the  clavicle  (Fip;.  2S,  p.  1  IS  nf  N'ol.  III.),  per- 
haps combined  with  compresses  iit  the  stei-nal  end.  will  he  I'nund  usrful  in  those 
dislocations  in  which  it  is  desirable  to  .secure  u]iwanl,  dutwaid.  and  backward 
fixation  (if  the  shoulder.  Such  fixation  should  In-  inaiiitainrd  for  a  week  or 
two. 

()])erative  treatment  has  not  been  notably  successful,  pmbiibly  because  of  the 
difficulty  in  Hnding  ligamentous  structures  of  suiiicient  streniith  \>>  Imld  the  nec- 


FlG.  14. — Dislocation  of  the  Sternal  End  of  the  Clavicle.  (After  Helferich.)  Front  view  of  a 
man,  aged  fifty-seven,  with  dislocation  of  the  right  clavicle  forward  at  its  inner  end.  The  right 
shoulder  is  slighty  approximated  toward  tlie  niidille  line. 

essary  sutures.  The  costo-clavicular  ligament  should  be  sutured,  antl  if  it  is 
much  frayed  the  sutures  should  be  passed  through  the  bone.  In  case  of  habitual 
luxation  various  procedures  have  been  tried :  excision  of  the  meniscus  and  the 
cartilaginous  articular  surfaces  has  been  resorted  to  in  the  hope  of  bringing 
about  bony  ankylosis ;  Stimson  succeeded  in  two  cases  with  periarticular. injec- 
tions of  alcohol. 

(h)  Acromio-Clavicular  Joixt. — The  acromio-clavicular  joint  permits  of 
only  very  limited  motions,  and  these  consist  of  slidings  by  which  the  scapula  is 
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Fig.    15. — Dissection  of   tlie   Dislocation 
Shown  in  Fig.  14.      (After  Helfericli.) 


poriiiittetl  to  rotate  in  variou.s  ilircctioiLs,  chietiy  a.s  .shown  in  tliL'  i'K'\'ation  antl 
( leprcssion  of  its  outer  angle.  These  rotations,  supplementing  the  freer  motion  of 
the  sterno-elavieulai' joint,  ilett'rniinc  the  comparatively  wide  range  of  motion  of 
the  scapula  over  the  ehest  wall.  Aecoiiling  to  iScudder  (Jour.  Atii.  Med.  Assn., 
190()),  who  quotes  the  observations  of  Krccke, 
Poirier,  Rieft'el,  and  Sheldon  (Annals  of  Siir- 
gerij,  September,  1903)  in  disloeations,  the 
ligaments  limiting  these  motions  are  torn  as 
follows :  the  acromio-elavicular  ligaments  are 
torn  in  all  cases,  the  conoid  ligament  in  all 
complete  cases,  and  both  the  conoid  and  the 
trapezoid  in  most  complete  cases.  There  is 
.sometimes  present  a  complicating  fractui'e  of 
the  lower  edge  of  the  articular  surface  of 
the  clavicle  or  of  the  u])per  edge  of  the  acro- 
mion. Dislocation  downward  or  beneath  the 
acromion  has  occurred,  but  is  rare. 

The  upward  dislocation  is  practically  always  i.)roduced  by  a  severe  blow- 
on  the  point  of  the  shoulder  elirected  downward  and  forward.  The  clavicle  is 
forced  relatively  upw-ard  and  makes  a  prominent  swelling  beneath  the  skin  over 
and  behind  the   acromion,  which  latter  is  depres.sed.    The  shouMer   therefore 

(.troops  and  is  narrower  than  the  opijosite  one 
in  complete  cases,  i.e.,  does  not  stand  out  so 
far  from  the  sjjinal  column,  and  the  ])aticnt  is 
unalilc  to  raise  his  forearm  above  his  heai.l  in 
the  normal  manner.  In  some  cases  there  is  a 
good  flcal  of  pain,  which  may  persist. 

Most  cases  of  partial  dislocation  can  be 
readily  reduced  and  a  satisfactory  anatomical 
and  functional  result  be  obtained  by  retention 
with  i)ads  and  bandages.  This  is  also  true  of 
a  consideraljle  ])ro|)ortion  of  comjilete  dislo- 
^      ,^     T^.      .■       c-i      ■       .1        cations,   but  in  othei-  cases  reduction  may  be 

riG.    16. — Dissection    Showing     tlie  '  -^ 

Relations  of  the  Parts  in  Dislocation  of      impossible   owing   to   the   interposition    of    a 

the   Inner  End  of   the  Clavicle  Back-         ,  a*  i-  r    ai        a  •  i        i.i 

.     ,.r.     Ti  ,f   •  ,  s    X,  .    ,  torn-on  portion  of  the  trapezius  muscle,  the 

ward,      (.\iter    Helferich.1      Note    how  '                                              '■ 

ea.sily  the  trachea  and  crsophagus  might  cdgC     of     tom     ligaments,     Or     ]l<>rha]lS     a    luis- 

be  severely  compressed   as  a  result  of  j.^^^^,    ^^.    j-Qtatcd    meilisCUS.       Retention    maV 
such  a  dislocation. 

be  difiicult  because  of  great  muscular  i.)ower 
of  the  patient,  or  because  of  an  oliliiiuity  of  the  plane  of  the  articular  sur- 
face, or  a  com]3licating  fracture  or  total  severing  of  the  ligaments.  Even  if 
the  bandages  applied  suffice  to  hold  the  end  of  the  clavicle  in  place,  the  torn 
edges  of  the  ligaments,  particularly  of  the  conoid  and  trapezoid,  may  be  so 
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.s('])ar;it(Ml  tliat  tlicy  fail  to  unite  |)n>|)crly.  I'liilcr  surii  circuinstanccs  the  dis- 
placoineut  persists  ami  in  occasional  cases  the  condition  is  ])ainful.  Ilcncc  if  re- 
duction is  not  readily  effected,  or  if  there  is  difficulty  in  retention,  or  if  the  original 
deformity  is  so  extreme  that  it  is  probable  that  the  whole  liframentous  arrange- 
ment of  the  clavicle  is  torn,  operation  should  be  performed  and  the  ligaments 
sutm-ed,  especially-  tlie  conoid  and  trapezoid.  It  may  be  found  that  the  liga- 
ments are  too  nuii'h  frayed  to  hold  sutures,  or  are  torn  off  too  close  to  the  bone, 
be  it  clavicle  or  coracoid:  in  which  case  sutures  of  kangaroo  tendon  or  wire 
should  lie  passed  through  lioles  drilleil  in  the  bone. 

The  shoulder  should  lie  supported  by  an  axillary  pad  and  compresses  applied 
over  the  outer  end  of  the  clavicle.  Compresses  made  of  rolls  of  lint  covered 
with  adhesive  plaster  with  the  gum  side  out  answer  a(lmiral)ly.  An  excellent 
bandage  for  making  compression  on  the  outer  end  of  the  clavicle  is  a  figure-of-8 
passing  from  the  clavicle  down  behind  the  arm,  up  around  the  flexed  elbow, 
crossing  over  the  clavicle  and  around  the  opposite  axilla.  These  turns  may  be 
repeated  several  times  and  the  whole  fixed  by  a  few  turns  around  the  chest. 
The  forearm  should  be  supported,  but  the  hand  and  wrist  should  Ijc  left  free. 
A  sti'ong  bandage  thus  adjusted  and  regulated  in  its  tension  l}y  a  Petit's  tourni- 
quet serves  an  excellent  pm-i)ose  in  continued  fixation  at  this  joint. 

Dislocations  of  the  Humerus. — Practically  one-half  of  all  dislocations  are  of 
the  shoulder  joint, — a  frequency  which  cannot  but  be  the  result  of  the  sacrifice 
of  stability  to  the  greater  necessities  of  mobility. 

The  surface  of  the  glenoid  cavity,  even  when  extended  by  its  cartilag- 
inous rim,  is  so  small  compared  to  that  of  the  head  of  the  humerus  that  it  serves 
as  little  more  than  a  point  of  support  for  the  latter.  In  the  vertical  plane 
it  covers  an  arc  on  the  head  of  the  humerus  of  about  one-quarter  of  a  cir- 
cle, ninety  degrees,  and  in  the  horizontal  ])lane  about  one-fifth,  or  seventy- 
two  tiegrees, — a  very  different  state  of  affairs  from  what  exists  in  the  acetabu- 
lum, which  is  practically  a  hemisphere.  Furthermore,  the  capsule  is  wide  and 
lax,  else  it  would  furnish  serious  limitation  of  movement.  The  joint  is  there- 
fore dependent  for  stability  very  largely  on  the  favorable  situation  of  the  acro- 
mion and  coracoid  processes,  which,  with  their  connecting  ligament,  make  a  kind 
of  socket,  although  at  a  distance  from  the  head  of  the  humerus,  and  also  in 
some  measure  on  the  tension  of  the  following  muscles:  subscapularis  in  front, 
the  supraspinatus  and  infraspinatus  and  teres  minor  behind,  and  the  deltoid 
enveloping  the  whole  outer  aspect  of  the  joint.  The  four  muscles  attached  to 
the  upper  extremity  of  the  humerus,  especially  the  subscapularis,  are  intimately 
adherent  to  the  capsule  and  thus  serve  to  take  up  the  slack  of  the  capsule. 
This  adds  materially  to  the  stability  of  the  joint,  besides  keeping  the  capsule 
from  being  folded  between  the  head  of  the  humerus  and  the  glenoid  cavity. 
The  coraco-humeral  ligament  which,  with  the  supraspinatus,  occupies  the  space 
between   the  head   of  the  humerus  and  the  coraco-acromial  ligament,  is  of 
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similar  importance  in  relation  to  luxation  of  the  shoukler  as  is  the  Y-lisament 
of  the  hip  in  dislocations  of  that  joint. 

The  shouliler  joint  pei-mits  of  movement  in  all  directions  and  therefore 
of  circumduction  as  well  as  axial  rotation  in  all  positions  of  the  humerus. 
One  may  conveniently  consider  these  motions  as  rotations  in  three  planes  at 
right  angles  to  one  another.  In  the  lateral  vertical  jilane  the  humerus  may  be 
raised  roughly  to  the  horizontal  (abduction)  antl  depressed  to  the  side  of  the 
chest  (aLlduction).  P\u1her  adduction  is  possible  if  the  shoulder  is  raise(L  In 
the  anterior  vertical  plane  the  humerus  can  be  raised  to  about  one  hundred  and 
forty  degrees  before  the  scapula  is  tipped  backward,  the  arrest  at  this  point 
being  effected  by  the  acromion  process  and  the  coraco-acromial  ligament. 
This  movement,  which  occasions  a  marked  twist  in  the  capsule,  is  favored  by  the 
normally  oblique  ilii'cction  downward  of  the  anterior  portions  of  the  capsule 
(gleno-humeral  ligaments).  This  very  obliquity  of  the  fibres  of  the  anterior 
portion  of  the  capsule,  however,  serves  powerfully  to  prevent  elevation  of  the 
humerus  posteriorly. 

In  the  horizontal  or  transverse  plane  passing  tlirough  the  shoulder  joint  the 
humerus  can  be  alxlucted  to  the  plane  of  the  back,  at  which  point  it  is  arrested 
by  contact  of  the  greater  tuberosity  with  the  posterior  edge  of  the  glenoid  fossa 
and  by  the  tension  of  the  anterior  ligaments.  It  can  be  adducted,  however,  until 
arrested  by  the  chest  wall. 

The  attachment  of  the  long  hcatl  of  the  triceps  at  the  lower  border  of  the 
glenoid  fossa — the  muscle  being  flat  in  a  roughly  antero-iiosterior  sense  and  the 
edgetherefore  beingtoward  the  humerus — fui'uishcs  a  natural  plane  of  division  be- 
tween forward  and  backward  dislocations,  Ijut,  more  than  that,  it  is  a  tletermining 
factor  in  many  cases  of  subglenoid  dislocation.  Finck,  of  von  Bruns'  clinic,  has 
shown  that  about  97.5  percent  of  all  shoulderdislocations  arefonvard,  while  only 
2..5  per  cent  are  backward.  Tliis  extraordinarily  greater  frecjuency  of  forward  dis- 
locations is  further  accounted  for  by  the  fact  that  most  dislocations  of  the  shoulder 
are  jiroduced  by  "  lever  action,"  the  long  arm  being  the  shaft  of  the  humerus  and 
the  short  arm  the  head  of  the  bone.  The  only  point  where  a  bony  fulcrum 
can  develop  is  above,  where  one  or  other  of  the  tuberosities,  generally  the  greater 
(depending  on  the  degree  and  direction  of  rotation),  impinges  on  the  upper  edge 
of  the  glenoid  ligament.  Excessive  elevation  of  the  arm  laterally  or  anteriorly 
by  "lever  action"  lifts  the  head  of  the  humerus  off  the  glenoid  cavity,  and  fur- 
ther elevation  transfers  the  fulcrum  to  the  edge  of  the  acromion.  The  fact  that 
the  spherical  articidar  head  proper  of  the  humerus  projects  inward  from  the 
shaft  makes  it  evident  that  there  can  be  no  Ijony  fulcnmi  on  the  lower  portion 
of  the  neck  of  the  humerus,  or  on  the  inner  side  of  the  bone. 

Although  blows  are  received  more  freijuently  on  the  front  of  the  shoulder 
than  from  behiml,  and  notwithstanding  the  fact  that  the  acromion  pi-ovides 
great  protection  against  blows  from  behind,  still  dislocation,  even  when  due  to 


38  A.Miiiur.w  im;.\("1"1('K  of  sri^riKin'. 

direct,  vidlciicc,  is  more  ('(1111111(11:  lnr\\:ii-(l  lli;m  hiickwui-il,  hcciiusc  tlic  filciioid 
cavity,  by  its  deviation  fdrwai'd  (iicai-l\-  ri)i'ly-li\c  degrees),  oilers  great  Ixuiy  re- 
sistance to  (lisplaceiueiil  backward. 

^riie  primary  jjositions  of  the  head  of  the  liiiinerus  in  dislocation  are  (hfficult 
to  (h'terniine  because  seldom  observed,  but  they  are  ]irobably  few  in  comparison 
with  the  .secondary  positions;  so  much  depends  on  Ihe  point  wiiere  the  causa- 
tive forces  coase  to  act  and  on  the  character  ;md  direction  of  additional  forces 
which  are  active  after  the  head  of  the  bone  has  left  the  joint. 

In  all  but  \-ery  rare  cases  dislocation  of  the  shoulder  is  |)roduced  by  "lever 
action,"  as  said  aliove,  or  by  thinist  from  above  and  behind,  in  either  of  whicli 
cases  the  capsule  is  torn  below  or  in  front,  the  liead  of  tlie  bone  passing  through 
the  rent.  If  the  arm  is  still  held  in  extension  and  force  l)e  active  in  the  direction 
of  the  shaft  of  the  humerus,  the  head  of  Ihe  bone  is  driven  ([uite  a  long  way 
through  the  i-ent  in  the  capsule  and  deep  down  into  the  axilla.  The  capsule  may 
be  partly  turned  inside  out  or  widely  ripi>ed  off  the  Ixme.  Tntorn  portions  of 
the  capsule  and  the  muscle  attached  to  the  tuberosities,  and  particularly  those 
muscles  attached  to  the  shaft  lower  down  (teres  major,  jiectoralis  major,  and 
latissimus  dorsi),  fui'iiish  a  fulcrum,  and  the  upper  extremity  of  the  humerus, 
then  being  a  relatively  long  short  arm  of  the  lever,  prevents  elevation  of  the 
head  of  the  humerus.  Tlie  so-called  luxatio  erecta — one  of  the  rarer  disloca- 
tions of  the  shoulder — results:  the  head  of  the  bone,  having  passed  downward 
behind  the  subscapularis  and  in  front  of  the  teres  major  and  latissimus  dorsi 
muscles,  lies  on  the  chest  wall,  and  the  arm  remains  extended  al:)Ove  the  head. 

In  the  more  usual  dislocations  the  ai'ui  is  brought  down  to  the  side  before  the 
head  of  the  bone  has  passed  far  enough  through  the  rent  in  the  capsule.  De- 
pending very  largely  upon  the  degree  of  this  protrusion,  the  amount  of  tearing  off 
of  the  capsule  from  its  humeral  attachment,  etc.,  the  head  of  the  bone  will  lodge 
beneath  the  lower  edge  of  the  glenoid  cavity  in  front  of  the  long  head  of  the 
triceps  (subglenoid  dislocation),  or  higher  up  in  front  of  the  glenoid,  more  or 
le.ss  external  to  the  coracoid  (preglenoid  dislocation),  or  beneath  the  coracoid 
(subcoracoid  dislocation),  or  even  internal  to  it  (intracoracoid  dislocation). 

In  high  dislocations  forward,  due  for  the  most  part  to  direct  violence, — e.g., 
blows  on  the  back  of  the  shoulder, — the  head  of  the  humerus  may  slip  over  the 
upper  border  of  the  subscapular  muscle,  or  may  tear  through  its  low'er  portion, 
— an  occurrence  which  is  favoi'ed  by  the  attachment  of  this  muscle  to  the  cap- 
sule, or  it  may  dissect  it  up  from  the  surface  of  the  scapula:  Ijut  much  more 
commonly  it  passes  beneath  the  edge  of  the  subscapularis  and  lotlges  anteriorly 
to  it,  or  presses  untorn  portions  of  the  nuiscle  upward  against  the  coracoi(_l. 

In  the  production  of  most  of  these  so-called  secondary  positions  the  move- 
ments of  tlie  head  of  the  humerus  are  constrained  and  largely  determined  In'  the 
strong  coraco-humeral  ligament  acting  as  a  fulcrum. 

Dislocation  backward  is  produced  l)y  longitudinal  thrust  on  the  elevated  and 
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aiklucted  hunierus  and  ii<  prol)ably  favored  In-  internal  rotation.  It  is  possible 
that  in  a  few  cases  of  subglenoid  dislocation  the  humerus  may  be  forcibly  lowered 
in  ailduction  and  the  head  of  the  bone  sli])  over  the  long  head  of  the  triceps. 
In  its  secondary  position  the  head  of  the  Innnerus  may  lie  on  the  posterior  sur- 
face of  the  infraspinatus  muscle,  or,  more  rarel_y,  beneath  it.  Dislocations  back- 
ward are  commonly  subacromial,  but  greater  jicnetration  of  the  head  through 
the  I'ent  in  the  capsule  will  permit  still  further  displacement  inward,  and  the 
dislocation  will  then  be  subspinous. 

Faraljeuf  thought  that  in  a  case  seen  by  him  the  head  of  the  humerus  had 
been  forced,  by  a  movement  of  circumduction,  downward  and  backward  be- 
neath the  long  head  of  the  triceps,  i.e.,  between  it  and  the  edge  of  the  scapula. 
This  subtricipital  dislocation  of  Farabeuf  is  a  theoretical  possibility,  but  tlK> 
few  cases  that  have  been  observed  as  perhaps  presenting  this  condition  have 
been  doubtful  and  more  than  probably  were  merely  low  posterior  dislocations. 
(Stimson.) 

Di.slocation upward  of  the  head  of  the  humerus  has  Ijeen  observed,  in  all,  in 
fourteen  cases  (histories  of  all  of  them  detailed  by  Stimson),  most  of  them  hav- 
ing been  seen  months  or  weeks  after  the  occurrence  of  the  injury,  and  only  a 
few  in  the  recent  state.  As  far  as  known  they  wvvv  ])roduced  by  blows  on 
the  elbow,  the  arm  l)eiiig  down  at  the  side.  It  would  also  api>ear  that  rotation 
of  the  humerus  outward  and  elevation  of  the  shoulder  favored  this  dislocation. 
The  exti'eme  rarity  of  dislocation  ujnvard  is  probabh'  to  be  explained,  not  on 
the  rarity  of  blows  on  the  elbow,  but  on  the  elastic  yielding  of  the  scapula  as 
a  whole  upward,  thereby  taking  up  the  thrust  before  displacement  occurs. 

The  disijlacement  of  the  humerus  in  the  foui-tcen  cases  referred  to  above  was 
not  great — 1  or  2  cm.  (|  -  4-  in.) — and  the  head  of  the  humerus  impinged  on 
the  anterior  and  under  surface  of  the  clavicle.  In  several  of  the  cases  the  cora- 
coid  or  the  acromion  was  fracturetl.     The  capside  was  not  necessarily  ruptured. 

The  following  classitication  (Stim.son)  emlwdies  the  tendency  of  modern 
writers  on  dislocations  to  simplification — restricting  the  group  of  the  "sub- 
glenoid"' rmd  enlarging  that  of  the  "subcoracoid"; — 


Subcoracoid ;  very  common. 
Forward ^  Intracoracoid;  exceptional. 


j- ^ 

(  Subclavicular. 


(  Subglenoid;  uncommon. 

Downward -!  Erecta ;  very  rare. 

(  Subtricipital  (.?)• 

T,     ,  ,  (  Subacromial ;  rare. 

BacKw.",r(.l <  „  , 

I  oubspmous;  very  rare. 

Upward Supraglenoid  ;  very  rare. 

DiSLoc.vrioxs  Forw.\rd.— In  dislocation  of  th(>  head  of  the   humerus  for- 
ward the  normal  rntumlitv  of  the  shoukler  is  lost,  the  acromial  process  being 
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jiroinincnt  and  giving  t  lie  .slionlder  a  pointod  appearance.  There  is  more  or  less  of 
a  concavity  beneatli  llie  acromion  laterally,  and  internally  there  is  a  fulness.  The 
arm  is  somewhat  abdm-led,  and  its  axis,  prolonged  iijiward,  instead  of  meeting 

the  acromion  a  lit!  Ic  inlenial  to  its 
tip,  passes  internally  to  this  point  to 
a  degree  de])ending  on  the  dis])lace- 
nient  inward  of  the  head  of  th(( 
hmnerus,  although  with  elevation  of 
the  hi'ad  the  oljliquity  is  less  than 
when  the  head  is  lodged  beneath 
the  glenoid  ca\'ity.  In  the  purely 
subglenoid  dislocation  the  head  of 
the  bone  is  so  depressed  and  the 
outer  ];)arts  of  the  ca])sule  are  so 
tense  that  the  arm  is  often  greatly 
abducted,  so  that  its  axis  pa.sses 
through  the  middle  of  ilie  clavicle. 
In  a  case  of  intracoracoid  disloca- 
tion reported  by  Bardenheucr  the 
arm  was  held  in  horizontal  abduc- 
tion. 

Palpation  demonstrates  the  absence  of  the  head  of  the  humerus  beneath 
the  acromion  and  shows  its  true  position  with  reference  to  the  bony  landmarks, 
although  the  coracoid  in  many  cases  cannot  be  felt.  It  shows  also  a  marked  in- 
crease in  the  distance  between  the  tip  of  the  acromion  and  the  shaft  of  the  hu- 


Fk;.  17. — Dislooution  of  the  Head  of  tlic  Iliimenis 
Forwartl.  Avith  Fracture  of  the  Greater  'I\iberosit_A'. 
(Roentgen  Department  of  Lane  Ilo.spital,  San  Fran- 
cisco.) 


Fig.  is. — Intracoracoid  Dislocation  of  tlie  Humerus,      (.-^fter  Lejar.s.) 

merus  high  up  in  the  axilla.  (Fig.  IS.)  In  complicating  fracture,  crepitus  may 
be  detected,  but  later  effusion  of  blood  and  a-dema  may  obscure  the  findings  of 
palpation. 

Attempts  to  bring  the  elbow  to  the  sitlc  demonstrate  an  elastic  resistance 
which  is  Cjuite  the  contrary  to  the  finding  in  fracture  of  the  neck  of  the  humerus. 


DISLOCATIONS. 


41 


Tlie  arm  may  appear  slightly  longer  than  its  fellow,  but,  on  measurement  from 
the  tip  of  the  acromion,  it  is  generally  found  slightly  shortened.  In  the  intra- 
coraeoid  dislocation  or  the  svihclaxirular  the  shortening  is  more  pronounced. 

In  recent  dislocation  active  movement  of  the  arm  is  prevented  by  the  ab- 
normal tension  of  the  muscles  and  by  the  soi-eness,  but  a  considerable  degree 
of  passive  motion  is  possible  outward  and  forward.  In  preglenoid  dislocation 
the  head  of  the  humerus  may  be  rotated  about  the  edge  of  the  glenoid  depres- 
sion,— the  latter  lying  in  the  sulcus  l)etween  the  greater  tuberosity  antl  the  ar- 
ticular surface — and  in  this  motion  the  head  can  be  felt  to  describe  an  ai'c  with 
longer  radius  than  when  similar  rotation  is  attempted  in  the  more  distinctly 
characterized  inward  dislocations,  because  in  the  latter  rotation  is  more  nearly 
axial. 

An  important  point  in  the  differentiation  of  dislocation  from  fracture  of  the 
glenoid  cavity,  or  of  the  neck  of  the  scapula,  both  of  which  conditions  produce 


Fig.   19. — Subcoracoid  Dislocation  of  tlie  Humerus.     (After  Lejars.) 


a  similar  deformity,  is  that  in  the  latter  the  deformity  is  readily  overcome,  but 
at  once  recurs  when  pressure  is  released. 

In  subglenoid  di.slocation,  besides  the  oblicjuity  of  the  axis  of  the  arm  above 
mention'^'d,  there  are  greater  flattening  of  the  deltoid  region  and  greater  tension  of 
the  deltoid  muscle.  The  arm  may  be  slightly  lengthened  as  measured  from  the 
tip  of  the  acromion.  The  head  of  the  humerus  is  jjlainly  to  be  felt  in  the  axilla 
and  jx'rhaps  a  finger's  breadth  Ixdow  the  coracoid.  Dugas'  sign  is  of  imi)or- 
tance  and  can  be  promptly  employed.  It  is  this:  If  the  hand  of  the  injured 
extremity  be  placed  on  the  sound  shoulder  the  elbow  cannot  touch  the  side 
of  the  chest;  or,  vice  versa ,  if  the  ell30W  touch  the  side  of  the  chest,  the  hand 
cannot  be  placed  on  the  sound  shoulder. 

Treatment. — In  uncomplicated  fonvard  dislocations  of  the  humerus,  reduction 
can  generally  l)e  effected  without  difficulty  in  the  early  stages  before  effusion 
and  swelling  have  occurred,  and  for  the  most  part  without  anaesthesia.  However, 
if  the  patient  be  powerfully  muscled  and  particularly  if  he  be  under  the  influence 
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of  alcohol,  anfpsthesia  will  ficncrally  be  iciniiicil   licfdrc  \hv  muscles  will  relax; 
sufficiently  to  permit  of  replacement  of  the  dislocated  bone. 

Man}'  metiuxis  of  reiluction  have  been  devised,  some  fjeiicral  in  application 
and  others  designed  to  meet  specific  indications.     They  may  be  roughly  classified 

as  iiicthiMls  (if  dii-ect  reposition 
by  iiKUiipuiation,  by  traction  with 
oi'  without  manipulation,  by  lev- 
erage, generally  coml)ineil  with 
traction,  In-  rotation,  and  finally 
b}'  open  incision. 

Space  will  not  permit  of  the 
detailed  description  of  more  than 
a  few  of  these  methods,  but  before 
we  considei'  them  attention  should 
be  drawn  to  the  more  evident 
causes  of  difficulty  in  reduction, 
on  which  in  given  cases  choice  of 
nu'thoil  may  very  largely  depend. 
In  general,  the  milder  methods 
should  be  tried  before  resort  is  had 
to  methods  using  much  force,  and 
if  jiossible  a  Roentgen  picture 
shoidd  be  obtained  in  order  to  ex- 
clude fracture  with  displacement 
of  a  fragment  as  the  hinderance  to 
reduction. 

According  to  Doellinger  tension 
of  the  subscapularis  muscle  is  one 
of  the  most  conniion  and  impor- 
tant hinderances  to  reduction  of 
forward  dislocations.  In  Kocher's 
method  of  reduction  this  muscle 
is  stretched  by  rotation  outward. 
In  case  of  fracture  of  the  minor  tuberosity  the  muscle  may  pull  the  fragment 
inward  and  cause  it  to  interfere  with  reduction.  The  rent  in  the  capsule  may  be  a 
simple  slit  and  oft'er  great  resistance  to  the  passage  of  the  head,  especially  if  the 
capsule  be  torn  from  its  humeral  attachment  anteriorly.  Fracture  of  the  external 
or  greater  tuberosity  is  rather  common  and  sometimes  the  fragment  falls  into  the 
joint.  It  is  then  large  enough  materially  to  hintler  reposition.  The  long  tendon 
of  the  biceps  is  not  infre(|uently  slipped  from  its  groove  and  may  lie  along  the 
posterior  side  of  the  head  of  the  humerus,  or  it  may  be  torn  apart  and  fall  into 
the  joint. 


Fio.  20. — Subcoracoid  Dislocation  of  tlie  Humerus 
of  Three  Weeks'  Standing.  (After  Ilelforich.)  Note 
tlie  decided  projection  of  tlie  acromion  and  the  angle 
made  by  the  outer  contour  of  tlie  abducted  arm;  the 
axis  of  the  arm  being  directed  toward  the  coracoid 
process  instead  of  toward  the  acromion.  The  length 
of  the  dislocated  arm  appears  to  be  increased. 
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Fracture  of  the  rim  of  the  glenoid  cavity  may  so  lessen  the  support  of  the 
head  of  the  humerus  that  there  will  be  great  tlifhculty  in  preventing  the  head 
from  slipping  ofT.  Such  a  case  would  l)e  on  the  border  line  between  fracture  of 
the  glenoid  and  dislocation  of  the  humerus  with  fracture  of  the  I'im  of  the  glenoid 
as  a  com[)lication. 

Simple  lifting  of  the  heatl  of  the  bone  upon  the  glenoid  cavity.  (Method  of 
Avicenna.) — When  this  method  is  employed,  the  patient  sits,  letting  the  arm 
hang  by  the  side.  The  operator  fixes  the  scapula  with  one  hand  on  th(^  acromion 
and  lifts  the  heatlof  the  humerus  outward  and  upward,  ])erhai:)s  at  the  same  time 


Fiu.  21. — Subglenoid  Dislocation  of  the  Humerus,      (.^fter  Lejar.s.) 


making  moderate  abduction.  If  the  patient  can  relax  his  muscles,  the  disloca- 
tion, in  many  of  the  fresh  eases,  can  be  thus  reduced.  It  is  of  advantage  for  the 
operator  to  stand  behind  the  patient  and  let  the  elbow  of  the  dislocated  arm  rest 
on  his  forearm,  as  in  this  way  he  \\ill  be  able  to  make  the  desireil  degree  of 
abduction  without  additional  assistance. 

Traction  laterally. — The  patient  may  sit  or  may  lie  on  a  table,  and  while 
one  assistant  fixes  the  scapula  by  means  of  a  swathe  passed  around  the  chest, 
or  by  a  wide  bandage  with  a  hole  in  it  large  enough  to  pass  the  arm  through, 
another  makes  traction  directly  outward  and  forward.  The  operator  niaj-  mate- 
rially assist  by  pressure  with  fingers  on  the  head  of  the  humerus,  making  coun- 
ter-pressure with  his  thumbs  on  the  olecranon. 

When  it  is  fciuiid  that  tlie  posterior  Hlircs  of  the  deltoid  make  strong  resistance 
to  reduction,  Riedel  ("Heilkunde,"  1S99)  advises,  in  most  cases  of  forward  dis- 
location of  the  shoulder,  making  strong  traction  toward  the  hip  of  the  sound  side, 
when  a  smart  blow  on  the  hand  will  often  throw  the  head  of  the  bone  into  place. 

In  Simon's  method  the  jiatient  lies  on  his  side  aiul  the  arm  is  pulled  laterally 
by  means  of  a  line  passing  over  a  ]>ullev  in  the  ceiling.  The  patient's  whole 
weight  may  thus  l)e  brought  into  play  as  the  traction  force. 

Stimson  arrives  at  the  same  result  in  a  much  more  comfortaljle  and  safer 
way,  by  placing  the  patient  on  his  side  on  a  canvas  couch,  his  arm  passed  through 
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a  lidlc  in  tlio  canvas  near  one  cnil.  anil  a  \vcii;lit  of  from  ten  to  tAVCiity  pounds 
beinji  attaclicd  to  tlic  liaml  oi-  foicarni.  (Fig.  22.)  Of  foursc  the  cot  should 
I)C  high  onougii  from  tlic  ilc^ortu  permit  of  the  extension  being  effective.  After 
a  time  tlie  muscles,  which  may  lie  in  a  state  of  spastic  contraction,  will  give  way 
from  sheer  fatigue  and  the  dislocation  be  i-cduccd.    .Manipulation  may  be  of  some 

assistance.  This  method  is  ])er- 
fectly  safe,  is  effective,  and  does 
not  inflict  any  injur}'. 

Traction  vertically.  —  Mothe'.s 
method  repi'oduces  approximately 
the  ]30sition  of  the  arm  at  the 
moment  of  dislocation.  The  pa- 
tient sits  on  a  chair,  and  the 
oi)erator  makes  foi-cible  traction 
directly  upwai'd  in  a  direction 
pai'allel  to  the  side  of  the  head, 
counter-traction  being  supplied  by 
a  bandage  over  the  shoulder,  or 
])y  the  operator's  foot  on  the  acro- 
mion, the  operator  standing  on  a 
high  stool  or  table.  The  same 
nianceuvre  may  be  carried  out  with 
the  jiatient  on  his  back  and  the 
scapula  fixed  by  two  swathes — one 
around  the  body  and  another  over 
the  acromion.  This  method  is  not 
without  danger,  for  laceration  of  the  axillary  ve.ssels  has  resulted  from  too 
great  traction  while  the  vessels  were  stretched  over  the  head  of  the  humerus. 
If  used  at  all,  it  should  be  carried  out  with  great  caution. 

Leverage  with  traction. — Sir  Astley  Cooper's  method. — The  patient  sits  on  a 
chair  and  the  operator,  standing  behind  the  patient  with  foot  on  the  chair  beside 
him,  ])asses  the  dislocated  arm  o\'er  his  own  flexed  knee,  making  traction  with 
one  hand  and  pressing  with  the  fingers  of  the  other  on  the  humeral  head.  More 
commonly  the  patient  is  made  to  lie  on  the  floor  and  the  operator's  heel  is  placed 
in  the  axilla  for  a  fulcrum,  while  traction  is  made  on  the  patient's  outstretched 
hand.  This  method  is  also  not  free  from  danger,  for  the  force  which  can  be  thus 
exerted  is  far  greater  than  one  wouhl  supjjose  and  may  lacerate  the  vessels  or 
break  the  bone.  The  writer  once  hatl  occasion  to  wire  a  longitudinal  fracture 
of  the  humerus  jiroduced  in  this  manner  in  a  tlislocation  which  was  not  more  than 
an  hour  or  two  old.  One  fault  with  the  method  as  thus  applied  is  that  the 
traction  is  made  downward  rather  than  in  the  more  advantageous  direction 
outward  and  forward. 


Fig.  22. — Stimson's  Method  of  Reducing  a  Dislo- 
cation of  tlie  Slioulder. 
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Sehinzinger's  method,  by  rotation. — The  arm  is  adducted  to  the  side  of  the 
chest,  aiul  the  forearm,  flexed  to  a  right  angle,  is  used  as  a  lever  to  rotate  the 
humerus  outward  till  the  iimer  side  of  the  ai-m  looks  directly  fnrward.  In  sid)- 
coracoid  dislocations  this  throws  the  greater  tuberosity  upon  the  anterior  edge 
of  tlie  glenoid.  An  assistant  then  presses  the  head  and  upper  humeral  shaft 
outward  when  the  operator  makes  a  sudden  rotation  inward. 

Kocher's  Method. — Kocher  has  modified  Sehinzinger's  method  to  the  extent 
of  raising  the  elliow  forward  after  rotating  it  outward  and  circumducting  the  arm 
till  it  lies  well  acro.ss  the  chest,  then  rotating  it  inward.  In  some  cases  it  is  of 
advantage,  instead  of  pushing  upward  on  the  humerus,  to  make  moderate  trac- 
tion in  the  direction  of  the  hip  of  the  soimd  side  as  the  arm  is  lifted  over  the  chest. 
(Terry,  San  Francisco.)  The  method  of  Koeher,  which  has  become  one  of  the 
most  popular  methods  of  reducing  forward  dislocations  of  the  head  of  the  hu- 
merus, is  based  on  the  fact  that  the  coraco-humeral  ligament  is  seldom  ruptm-ed 
and  may  be  utilized  as  a  fulcrum,  in  the  adduction,  to  cause  the  head  of  the  hu- 
merus to  rise  forward  and  outward  well  beyond  the  coracoitl  pi'ocess.  The 
external  rotation,  as  in  Sehinzinger's  method,  utilizes  the  point  of  contact  of 
the  greater  tuberosity  with  the  anterior  edge  of  the  glenoiil  cavity  as  a  fulcrum 
for  the  elevation  of  the  head  over  the  glenoid  border. 

The  fundamental  disadvantages  of  the  method  by  rotation  are  that  by  the 
outward  rotation  the  subscapular  nuiscle  and  the  anterior  jiortion  of  the  capsule 
are  put  greatly  on  the  stretch,  and  that,  in  case  the  head  of  the  bone  is  in  front  of 
the  muscle,  or  the  muscle  is  torn,  the  head  of  the  bone  will  force  portions  of  the 
muscle  into  the  joint.  Furthermore,  the  leverage  is  enormous  and  it  requires 
but  little  force  to  break  off  tlie  head  of  the  luuuerus,  as  once  occurred  in  the  hands 
of  the  writer.  After  this  accident  operative  removal  of  the  severed  head  is  indi- 
cated. Kocher  publi-shed  28  cases  treated  by  his  method,  with  2.5  succes.ses,  but 
with  3  fractures!  (Koenig.)  It  is  doubtful  if  the  method  by  rotation  possesses 
any  real  advantages  over  other  and  less  dangerous  methods. 

Traction  in  three  directions. — The  tnuik,  together  with  the  scapula,  may 
be  fixed  by  a  wide  swathe  passed  around  the  chest  and  over  the  shoulder,  or  by 
a  stout  piece  of  muslin  with  a  hole  in  it  large  enough  to  permit  the  arm  to  be 
passed  through  and  held  by  one  or  two  assistants;  the  arm  is  pulled  outward 
and  downward  by  two  or  three  assistants,  and,  by  means  of  a  swathe  passed  Ije- 
neath  the  axilla,  traction  may  be  made  upward.  By  such  means  great  force 
can  be  applied  and  will  every  now  and  then  succeed  where  other  methods  fail; 
but,  like  all  methods  where  great  force  is  used,  it  is  dangerous.  The  writer  has 
personal  knowledge  of  one  case  in  which  such  traction  caused  fracture  of  the 
neck  of  the  humerus  in  a  case  of  subcoracoid  dislocation  only  two  weeks  old. 

The  methods  of  lateral  traction  l)y  pulleys  are  open  to  the  same  ol)jections  and 
often  cause  great  damage  in  spite  of  dynamometer  and  releasing  forceps.  Jar- 
vis'  adjuster  is  of  historical  interest  in  this  connection.     In  one  case  seen  by  the 
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writer,  in  a  siiljcoracoiil  dislocatidii  w  liicli  had  I'csistcd  diIut  iiictluids  of  reduction 
and  in  wiiicli  npcn  npri-ati<Hi  was  refused,  traction  by  j)ulleys  failed  to  [mug 
tijjout  reduction  and  was  followed  by  paralysis  of  the  arm,  which  had  not  coni- 
])letely  disappeai'ed  as  loufi,  as  a  j'ear  after  tlie  attempt  :it  reduction.  The 
joint  was  finally  resected. 

r()////)//(7///o;(.v.—  I'Yacture  of  llic  sur.s2:ical  neck  of  the  humerus  with  concom- 
itant dislocation  is  a  rare  injury,  but  occasionally  occurs.  iV\g-  '-A.)    Pei'haps  more 

fre(iuently  the  fracture^  is  the 
result  of  an  injudicious  use  of 
force  in  the  attempt,  to  reduce 
the  dislocation.  In  recent 
cases  it  is  sometimes  possible 
to  reduce  the  dislocation  by 
relaxinu'  the  muscles  and  lift- 
in<i  the  head  of  the  bone  upon 
the  j;lenoid  cavity  by  means 
of  the  finger  in  the  axilla. 
Mow  often,  however,  open  op- 
ei'ation  is  required.  In  the 
jjroeedure  of  McBurney  the 
fragment  is  first  expascd,  and 
then  a  hole  is  drilled  in  what- 
e\'er  remnant  of  the  shaft  there 
may  be  on  the  upper  fragment, 
and  a  hook  or  a  stout  wire  is 
passeti  through  it.  This  wire 
twisted  into  a  loop  permits, 
like  the  h()ok,  forcible  traction 
to  be  made.  After  reduction,  which  is  thus  ({uite  readily  accomplished, 
the  wire  may  be  threaded  through  a  corresponding  hole  in  the  u]ji)er  portion 
of  the  lower  fragment  for  the  pnrpose  of  fastening  the  t\\o  ends  together. 
With  a  pro])er  aseptic  technique  tliis  procedure  is  preferable  to  waiting  for  the 
fracture  to  heal  and  tlien  attempting  to  reduce  the  dislocation  Ijy  the  ordinary 
methods. 

Injuries  to  the  brachial  plexus  or  its  liranches  are  not  unconnnon  as  com- 
plications of  dislocations  of  the  shoulder.  Tlie  circumflex  nerve  is  particularly 
liable  to  injury,  and  as  a  result  there  is  apt  to  be  more  or  less  permanent  paral- 
ysis of  the  deltoid  muscle.  The  paralysis  may  not  be  noticed  for  some  weeks — 
that  is,  during  the  time  when  the  arm  is  fixed  in  the  dressing  and  for  some 
time  afterward.  If  discovered  thus  late  it  is  apt  to  be  referred  by  the  patient 
to  the  bandage  rather  than  to  the  dislocation,  and  great  injustice  may  thereby 
be  done  the  surgeon.     It  should  not  be  forgotten  that  even  momentary  pressure 


Fig.  23. — Suijcoracoid  Disluoution  ol'  the  liiinn.TU:s  \\  iU 
Fracture  of  tlie  Greater  Tul^ero.sity.  (Hpentgen  Depart- 
ment of  Lane  Hospital,  San  Francisco.) 
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on  such  a  nerve  as  the  eircuniflex  may  p;ive  rise  to  degeneration  and  permanent 
l)aralysis. 

Injuries  to  the  l)l()(id-vessels  occur  so  mucli  nioi'e  freciuently  in  efforts  at 
reduction  nf  old  disUications  that  it  has  seemed  convenient  to  discuss  tliem 
under  tliat  heailing 

DiSLocATUjxs  BacK'waki). — In  tlie  so-calleil  subacromial  or  subspinous  dislo- 
cation, the  head  of  the  humerus,  lying  posteriorly  beneath  the  acromion,  manifests 
its  presence  liy  a  jirominent  rounded  swelling  in  this  situation.  In  front,  tlie 
normal  rotundity  of  the  shoulder  is  lost,  and  both  the  acromion  and  the  coracoid 
stand  out  sharply.  Palpation  further  shows  the  presence  of  a  hollow  in  the 
usual  ]iosition  of  the  head  of  the  humerus,  and  in  some  cases  the  glenoid  cavity 
can  be  felt.  The  arm  is  for  tlie  most 
part  slightly  shortened  an(  I  is  not  easily 
ap])roximated  to  the  side. 

Reduction  is  readily  effected  by 
elevation  of  the  arm,  traction  for- 
ward, and  direct  pressure  on  the  head 
of  the  bone  from  behind.  The  pos- 
terior edge  of  the  glenoid  cavity  does 
not  present  so  sharp  a  projection  as  the 
anterior,  and  hence,  other  things  being 
equal,  less  force  is  required  to  lift  the 
head  of  the  bone  out  of  the  posterior 
fossa.  Rotation  inward  possesses  the 
same  value  in  the  reduction  of  l>ack- 
ward  dislocations  as  rotation  outward 
does  in  the  reduction  of  forward  dislo- 
cations. A  greater  tendency  to 
recurrence  than  in  forward  dis- 
locations has,  howevei',  been 
observed 

Old  Uxredlced  Disloca- 
tions. —  Dislocations  of  the 
shoulder  may,  in  c(>rtain  rare 
cases,  be  practically  irreducible 
from  the  very  beginning  because 
of  complications  elsewhere  indi- 
cated, but  retlucible  cases  as  a 
rule  become  more  and  more  difficult  of  reduction  as  time  goes  on.  However,  in  in- 
dividual cases  reduction  has  been  effected  after  many  months  and  even  after  years. 

In  a  considerable  projjortion  of  cases  of  unreduced  tlislocations  of  the  shoulder 
function  is  gradually  restored  to  a  considerable  degree,  even  in  some  cases  a  new 


Fig.  24. — Bony  Specimen  of  an  Old  Subcoracoid  Dis- 
location, Showing  the  Formation  of  a  New  Glenoid  Cavity 
and  the  Wearing  Away  of  the  Head  of  the  Humerus. 
(.•\fter  Helferich.)  In  n  the  bones  are  placed  in  their 
natural  relations:  in  b  they  are  separated. 
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joint  foi'ininfj;  iilxiiit  llic  hcail  of  the  liiiiiicnis.  (Fig.  24.)  Still,  wliilc  such  ;i  joint 
may  be  uscl'ul,  the  range  of  nioljiiity  is  always  liiiiitod,  and  every  now  and  then 
a  patient  will  present  himself  for  relief.  Then,  again,  there  may  be  almost  no 
motion  or  the  region  may  be  painful. 

Since,  as  statetl  abo\-e,  dislocations  of  e\-en  long  standing  have  been  reduced, 
it  is  right  to  make  the  attempt  in  a  given  case,  preferably  after  a  Roentgen  picture 
has  been  taken.  Tlie  various  methotls  mentioned  above  may  be  tried  under 
ana'sthesia  and  after  thorough  breaking  u])  of  adhesions  and  stretching  of  con- 
tracted muscles,  jiarticularly  thesubscapularis.  With  moileni  aseptic  techniciue, 
however,  open  incision  has  displaced  the  use  of  such  gi'eat  foi'ce  as  was  formerly 
often  em[.)loyed. 

DoeHinger  (Zcit.  /.  CJiir.,  1903;  reported  19  old  subcoracoid  dislocations 
treated  by  him  in  the  i)revious  five  years.  In  one  there  had  lieen  concomitant 
fracture  of  the  neck  of  the  humerus,  but  the  callus  of  thi'ee  months  was  considered 
too  weak  for  the  use  of  onhnary  methotls  of  retluction;  hence  he  opened  the  joint 
and  found  reduction  easy  by  means  of  rotation  outward.  In  two  cases  the 
humerus  was  fractured  in  efforts  at  rechiction  and  the  luxation  remained.  In 
10  cases  he  performed  an  open  operation:  in  one  with  fracture  of  the  surgical 
neck  he  performed  resection ;  in  another  a  fracturetl  greater  tuljerosity  lay  in  the 
glenoiil  cavity,  after  the  removal  of  which  reduction  was  effected  without  diffi- 
culty; in  7  cases  simple  section  of  the  subscapsular  muscle  [lermitted  reduction 
by  Kocher's  method.  Doellinger  is  firmly  of  the  opinion  that  shortening  of  the 
subscajjular  muscle  is  the  real  obstacle  to  reduction  in  many  cases  and  that  this 
muscle  must  be  cut  or  torn  across  in  order  to  make  reduction  possible. 

The  relative  values  of  reduction  by  open  operation  and  resection  of  the  head  of 
the  humerus  have  not  yet  been  satisfactorily  established.  The  functional  results 
of  resection  are  so  good  that  many  oi)erators  ha\'e  been  led  to  prefer  it  to  operative 
reduction.  In  old  dislocations,  successful  reduction  does  not  guarantee  useful 
function.  Muscles  are  contractured,  various  structures  are  adherent,  cicatrices 
more  or  less  firm  interfere  with  the  movement,  and  organized  exudates  with- 
out or  within  the  joint  may  be  slow  to  imdergo  absorption.  With  these  things 
in  view  it  is  evitlent  that  operative  reduction  is  chiefly  applicable  to  recent  dis- 
locations which  are  otherwise  irreducible.  Smitel,  ([uoted  by  Koenig.  collected 
15  cases  of  reduction  by  open  operation,  in  .5  of  which  resection  was  afterward  done 
and  5  were  reported  as  improved,  3  imimiiroved,  and  2  dead.  On  the  other  hand, 
of  32  old  dislocations  in  which  resection  had  been  ijerformed,  there  were  20  in 
which  good  functional  results  were  secured. 

Injuries  of  blood-vessels  in  connection  with  dislocations  of  the  shoulder  are 
not  very  uncommon.  Nemenoff  (Inaug.  Diss.,  Berl.,  1905)  collected  65  cases 
from  the  literature,  mostly  injuries  of  the  axillary  artery,  or  of  one  of  its  larger 
branches,  or  the  tearing  across  or  pulling  out  of  large  branches.  In  8  cases  the 
axillary  vein  was  torn,  in  2  both  artery  and  vein,  and  in  1  case  (Malgaigne)  the 
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vessel,  which  hail  gi\'en  rise  to  an  immense  ha'matoma,  could  not  be  found. 
Probably,  in  this  case,  a  large  number  of  minute  vessels  were  ruptured.  In  1.5 
cases  (one-fourth)  the  injury  of  the  vessels  occurred  in  fresh  dislocations,  the 
remainder  in  old.  Of  the  (55  cases  31  were  in  ipatients  over  ,30  years  of  age,  (') 
over  40, 14  under  40,  and  in  14  the  age  was  not  reported.  In  11  cases  the  artery 
was  ligated,  in  1  the  vein.  Of  these  12  patients  operated  on,  6  died  and  6 
li\'cd  iL'  with  loss  of  function):  2  lost  the  whole  arm  and  1  tlie  forearm.  In  all, 
4  amputations  were  performed.  The  increase  in  the  fre([uencvof  the  injuries 
of  the  blood-vessels  was  fairly  proportionate  to  the  length  of  time  the  disloca- 
tion had  existed  before  the  attempt  at  reduction  was  made.  In  a  very  small 
proportion  of  the  cases  was  the  injury  of  the  vessels  prhnary,  i.e.,  due  to  the 
dislocation  itself. 

H.\BiTi  AT.  Dislocation'. — Habitual  dislocation  occurs  far  more  frequently 
in  the  .shoulder  than  in  any  other  joint  of  the  boily  and  has  been  the  field  of 
much  ingenious  operative  work.  Every  time  the  joint  is  dislocated  from  any 
cause,  the  tendency  to  dislocation  is  definitely  increased.  Epileptics  not  in- 
freciuently  suffer  from  habitual  dislocation  of  the  shoulder. 

The  patient  with  habitual  di.slocation  is  obliged  to  keep  the  fact  constantly  on 
his  mind  lest  he  make  some  movement  which  will  throw  his  shoulder  out.  In  a  case 
within  the  knowledge  of  the  writer  the  siioulder  becomes  dislocated  whenever  the 
arm  is  raised,  and  the  i^atient,  an  athletic  man,  fond  of  swimming  and  out-of- 
iloor  sports,  is  oliliged  to  strap  his  arm  to  his  side  whenever  he  essays  swimming 
or  boating. 

Anatomically  there  are  various  causes  for  habitual  dislocation — simple 
laxity  of  the  capsule  from  overstretching,  tearing  off  of  the  capsule  from  a  part 
of  its  humeral  or  its  glenoid  insertion,  the  stretching  of  a  large  scar  in  the  sitle 
of  the  capsule,  fracture  of  the  edge  of  the  glenoid  cavity,  particularly  anteriorly, 
tearing  off  of  the  glenoitl  ligament,  fracture  of  one  or  other  of  the  tuberosities, 
tearing  off  of  one  or  other  of  the  muscles  supporting  the  joint,  particularly  the 
supraspinatus  and  the  infraspinatus,  paralysis  of  these  muscles,  etc. 

Resection  of  the  head  of  the  humerus  has  been  proposed  as  a  cure,  on  the 
ground  that  the  head,  not  being  present,  cannot  be  dislocated  (Koenig);  but  it  is 
a  radical  procetlure  which  will  seldom  be  agreed  to  by  patients.  Nevertheless, 
the  functional  results  are  satisfactoiy.  A  case  has  recently  been  reported  by 
Warren  (Bast.  M.  and  S.  J.,  1903)  with  satisfactory  functional  result  following 
resection.  JIany  operations  have  been  devised  for  taking  up  the  slack  of  the  caji- 
sule:  excision  of  portions  of  it,  "reefing,"  etc.  Krumm  (Munch,  med.  Woch., 
1899)  reporteil  a  case  in  which  he  hatl  o]:erate(_l  for  a  dislocation  that  had  re- 
curred thirty-seven  times.  He  opened  the  sheath  of  the  biceps  tentlon,  dislo- 
cated the  tendon  outward,  dissected  the  capsule  free  above  and  in  front,  and 
folded  it,  taking  a  reef  in  it  with  catgu.t.  A  year  afterward  there  had  been  no 
recurrence. 

V(IT..     IV. — 4 
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Tn  poliomyelitis  arthrodesis  has  been  advised,  hut  the  dioiee  of  operation 
should  be  detei'inined  by  the  peculiarities  of  each  ]iai1icular  case,  lu  epile])tics 
resection  will  probably  be  the  most  satisfactory  i)i'ocedure. 

]n  a  notable  article  on  habitual  dislocation  (  wit  h  full  bii)lio^i-aphy)  in  the 
Bergniann  "  Festsclii-iit  "  thciil.  Zhihr.  j.  Cliir.,  Dec.,  IttOd)  j'ertlies  reports  four 
cases  operated  on  by  him  in  which  lie  sought  to  restore  the  normal  relations  of  the 
torn  .structures.  He  follows  Hildcbrandt,  who  first  re-attached  the  cap.sule  to 
its  proper  insertion.  Perthes  chose  his  incision  along  tlie  aiiterioi-  border  of  the 
deltoid,  or  he  employed  the  posterior  incision  of  Kochei'  for  resection,  according 
as  the  suspected  trouble  was  in  front  or  behind,  and  he  lifted  oH  whatever  muscles 
interfered  with  his  reaching  the  region  desired.  In  the  first  case  he  made  an 
incision  from  the  coracoid  to  and  around  the  insertion  of  the  deltoid,  cutting 
across  the  lower  end  of  that  muscle,  lifted  it  l)odily  off  the  humerus,  and  turned 
it  l)ackward,  taking  cai'e  not  to  injure  the  circumflex  nei-ve.  He  then  was 
able  to  attach  the  torn  off  insertions  of  tlie  supra-  and  infraspinatus  l)y  means 
of  a  staple  driven  into  the  greater  tuberosity.  In  the  second  case  he  ex- 
posed the  same  region  by  Kocher's  posterior  incision,  chiselled  off  the  acromion 
and  part  of  thesijine  of  the  scapula,  fastened  tlie  infraspinatus,  and  took  a  reef 
in  the  capsule  with  silk  sutures.  In  the  third  case  he  cut  across  the  outer 
part  of  the  greater  pectoral  muscle,  made  a  temporary  resection  of  the  coracoid 
to  get  the  biceps  and  coraco-brachialis  out  of  the  w'ay,  and  i-e-attachcd  the  torn-off 
edge  of  the  glenoid  cavity.  In  the  fourth  case  he  rei'fed  the  anterior  portion  of 
the  capsule  with  sublimate  silk  sutures.  All  four  cases  had  been  operated  on 
more  than  a  year  before  being  reported  and  none  had  had  recurrence  of  the 
dislocation  in  that  time,  although  two  of  them  were  in  epileptics  having  frecjuent 
seizures.  After  operation  passive  motion  was  begun  at  the  end  of  from  two 
to  three  weeks. 

Dislocations  of  the  Elbow. — The  trochlear  surface  of  the  hmnerus,  at  least  in 
its  centri',  comprises  almost  a  complete  semicircle  on  which  the  sigmoid  surface 
of  the  ulna  makes  an  arc  of  about  one  hundred  and  eighty  degrees,  thereby  per- 
mitting extension  and  flexion  movements  of  about  one  hundred  and  fifty  degrees, 
the  head  of  the  radius  following  on  the  eminentia  capitata  the  movements  of  the 
ulna.  Extension  is  limited  by  contact  of  the  olecranon  with  the  humerus  in 
the  olecranon  fossa  and  by  the  tension  of  the  anterior  ligaments,  especially  the 
strong  band  leading  from  the  internal  condyle  to  the  coronoid  process  and  the 
strong  anterior  portions  of  the  internal  lateral  ligaments  and  the  flexor  muscles, 
while  flexion  is  limitetl  by  contact  of  the  anterior  muscles  of  the  forearm  and 
humerus  with  the  latter  bone  and  by  tension  of  the  posterior  ligaments  and  the 
triceps  muscle.  The  anterior  ligaments  are  much  thicker  and  stronger  than  the 
posterior. 

In  children,  from  incomplete  development  of  the  olecranon  and  the  coronoid 
process,  the  arc  covered  by  the  sigmoid  surface  of  the  ulna  is  less  than  in  the 
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adult,  by  reason  of  which  mobility  is  greater  am!  stalulity  eorrespondingly  less. 
The  internal  eondyle  is  little  developed  in  the  child,  the  eaiTvinj;;  angle  is  less,  and 
the  trochlea  is  more  nearly  cylindrical,  i.e.,  its  groove  is  shallower.  Fui-thei-niore, 
in  children  the  olecranon  and  the  coronoid,  lieing  largely  cartilaginous,  yield  to 
bending  and  compressing  forces  more  than  do  the  more  rigid  bones  of  the  adult 
elbow,  permitting  more  latei'al  flexion.  It  is  for  these  reasons  that  the  same 
\-iolence  which  in  the  adult  jiroduces  dislocation  of  the  shoulder,  in  the  child 
jH'oduces  dislocation  of  the  rlhow.  In  many  young  people,  more  jiai'ticularly 
girls,  the  forearm  may  be  extended  to  se\'eral  degrees  hcyoiid  the  straight 
position  (dor.sal  flexion). 

The  head  of  the  radius  is  held  in  contact  with  the  semihmar  fossa  of  the 
ulna  by  the  stout  oi'bicular  ligament  which  is  attaclied  to  the  ulna  at  each  ex- 
ti'emity  of  the  semilunar  fossa,  but  is  also  continuous  abox'c  with  the  anterior 
capsule  of  the  joint. 

Dislocations  of  the  elbow  are  caused  by  exaggerations  of  the  normal  move- 
ments of  the  joint,  by  forced  flexions  and  rotations  in  various  abnormal  directions, 
and  by  thrust  directly  ap|)lied  to  the  bones  near  the  joint  or  transmitted  through 
the  forearm.  Clinically,  by  far  the  largest  number  of  dislocations  of  the  elbow 
are  the  result  of  falls  forwartl  on  the  outstretched  hand.  Of  great  importance  in 
this  regard  is  the  fact  that  thrust  is  transmitted  from  the  hand  to  the  hmnerus 
chiefly  by  means  of  the  radius,  a  fact  which  more  than  any  other  explains  the 
])roductioii  of  isolated  dislocations  of  that  bone.  The  direction  of  such  thrust 
changes  very  considerably  with  change  of  position  of  the  radius  in  pronation  ami 
supination.  The  ulna  tloes  not  come  into  play  in  transmitting  thrust  till  the 
ra(liu3  has  either  left  the  articular  surface  of  the  humerus  or  is  broken  somewliere 
in  its  length,  and  then  the  head  of  the  ulna  is  so  small  that  it  will  pass  through  the 
soft  tissues  below  it  before  it  will  transmit  enough  force  to  ilislodge  the  broad 
contact  of  the  sigmoid  surface  from  the  trochlea. 

Of  importance,  as  an  aid  in  diagnosis  of  both  fractures  and  tlislocations,  is 
the  fact  that  the  internal  and  external  epicondyles,  as  well  as  the  olecranon,  are 
nearly  always  to  be  felt  beneath  the  skin.  Only  in  cases  of  great  swelling  are 
they  obscured  and  even  here  they  can  be  made  out  in  most  cases  after  continuous 
pressure  is  made  by  the  fingers  for  a  short  time,  by  which  procedure  the  (ede- 
matous fluid  is  forced  out  of  the  particular  regions.  Normally,  with  the  arm  in 
extension  these  three  points  are  in  a  plane  transverse  to  the  shaft  of  the  humerus, 
while  with  the  forearm  flexed  to  a  right  angle  this  jilane  has  also  rotated  through 
a  right  angle  and  lies  nearly  vertically. 

Of  importance  also  is  the  so-called  "cai'rying  angle,"  the  angle  of  the  physi- 
ological abduction  due  to  the  inclination  of  the  axis  of  the  trochlea  to  the  shaft 
of  the  humerus  in  the  lateral  plane.  This  angle  varies  greatly  in  individuals, 
corresponding  largely  to  the  width  of  the  hips.  It  is  thus  less  in  children  than  in 
adults  and  is  less  in  boys  than  in  girls.     In  fact,  in  some  boys  it  is  absent  alto- 
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gellii'i'.      In    case  of   injury  lA'  tlic  dhow  (■oiiipari.'-on  with  the  sound  arm  is  of 
great  (Jiagnostic  xahic  and  slioiilil  always  lie  niailc 

Just  l)clow  till'  centre  111'  llie  siiiinoid  fossa  llie  cartilage  is  interrupted 
ii\'  a  trans\'erse  sulcus  wliicli  uiaiks  the  point  of  fusion  of  the  oleci'anon 
with  the  shaft  of  the  ulna  and  in  young  children  is  the  site  of  the  epiphyseal 
cartilage — a  point  of  weakness  whei'e  IVadiuc  of  the  olecranon  most  freijuently 
occurs. 

About  one-liflh  of  all  dislocations  ai'e  of  the  elhow,  which  therefore  is  easily 
second  to  the  shouiijei-  in  the  IVe(|uency  of  (his  accident.  Dislocations  of  tlie 
ell)0\v  ai'e  dixuded  into  two  gioups:  lirsl ,  dislocat  ions  of  hut  h  Imnes,  and,  second, 
dislocation  of  one  or  (jtlier  of  the  hones  of  the  forearm  singly.  Dislocations  of 
hoth  are  further  (li\'i(led  into  forward,  liackwai'd.  outward,  inward,  and  diver- 
gent (ulna  hack  ward  and  radius 
forward).  Similarly,  dislocation 
of  single  holies  may  he  of  the  ulna 
haekward  or  of  the  radius  for- 
ward, outward,  or  backward. 

In  222  cases  in  St.  Thomas's 
Hospital  (Makins)  l()<»wen>  back- 
ward, 52  backward  antl  outward, 
18  outward.  (>  backwartl  and  in- 
ward, divergent  (i,  forward  1, 
double  1. 

Dislocations  of  Both  Bones 
B.\CKW.\HD. — As  a  rule,  po.sterior 
dislocation  of  both  bones  back- 
ward is  produced  by  a  fall  forward 
on  the  outstretched  hand,  but  it 
may  result  from  a  thrust  back- 
ward wlien  the  forearm  is  partly 
Hexed,  as  happens  from  a  sharp 
fall  on  the  keel  of  the  ulna  or  from 
a  blow  on  the  back  of  the  lower 
end  of  the  humerus.  Malgaigne 
thought  that  rotation,  especially 
external,  such  as  would  lie  produced  by  a  fall  on  the  inner  edge  of  the  olecra- 
non, might  produce  a  dislocation  backward.     (Figs.  25  and  26). 

A  case  of  compound  posterior  dislocation  of  both  bones,  which  came  under 
the  care  of  the  writer  for  ankylosis,  the  result  of  infection,  and  in  which  resection 
gave  an  excellent  functional  result,  was  causerl  in  a  wrestling  bout  by  a  sudden 
giving  way  of  the  anterior  ligaments  wdiile  the  arm  in  complete  extension  was 
supporting  most  of  the  weight  of  the  patient  and  his  opponent.     The  lower  end 


Fig.  25. — Dislocation  of  Botli  Bones  of  tlip  Furcarni 
Backward,  witli  a  Fragnieiit  of  the  Coronoid  Process  in 
Front,  and  a  Small  Fragment  within  the  .loint  liehind. 
(Roentgen  Department  of  Lane  Hospital,  San  Francisco.) 
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of  the  humerus  protruded  through  tlie  skin,  laeerathig  the  bracliial  artery  and 

tearing  off'  the  insertion  of  the  hrachialis  antieus  niusele. 

If  the  coronoid  process  remains  on  tlie  trochlear  surface  of  tiie  iuimerus  the 

dislocation  is  said    to  bv  incomplete;   if   it    lies  in  the  olecranon  fossa  of  that 

hone  it  is  saitl  to  he  com])lete. 
In  this  latter  event  the  ajipcar- 
ance  of  the  arm  is  character- 
istic, esiK'cially  l)ef ore  swelling 
has  supervened;  the  olecranon 
is  prominent  behind  and  is 
situated  3  or  4  cm.  (li  or  if 
in.)  above  and  postei'ior  to  its 
normal  position;  the  triceps 
region  is  concave  from  the 
olecranon  upward;  the  fore- 
arm is  limited  in  extension  and 
cannot  Ix'  Hexed  to  an  angle  of 
more  than  one  hunilrcd  and 
twenty  degrees  with  the  hu- 
merus without  the  use  of  con- 
siderable force,  perhaps  enough 
to  lacerate  the  posterior  por- 
tions of  the  lateral  ligaments; 
the  joint  is  thicker  antero- 
Ijosteriorly  than  normalh'.     By 


palpation   the  relatively   high 


Fin.  26. — Dislocation  of  tlio  Forearm  Backward 
Helferich.)  a,  External  appearance  of  the  dislocated  fore- 
arm as  seen  in  the  living  subject,  the  elbow  bcinp;  flexed  to  ]!Osition  of  the  olecranon  is 
an  obtuse  angle,  the  olecranon  projecting  abnor.nally,  and  ^^^^.^1^^,^.  ^^^^^^^  ^^^^  ^^^^^  ^j^^  ^j.;_ 
the  r.junded  head  of   the   radius   bemg  seen    just    beneath  ' 

the  skin;  t,  dissection  of  a  ihslocation  artificially  produced.  COpS  may  bc  pinchecl  \\\)  and 
Of  particular  interest  in  this  picture  is  the  condition  of  ^j^^,  ]j,.^]]q^^.  5^,^^.^^!,  jj  ,lcmOn- 
the  annular  and  external  lateral  ligaments. 

strated;  the  sigmoid  fossa  of 
the  ulna  may  also  be  felt  in  many  cases;  and,  besiiles,  the  upper  end  of  the 
radius  is  noted  and  the  fact  of  its  rotation  is  easily  determined  on  making  a 
similar  movement  of  the  forearm. 

In  backward  dislocation  the  change  is  seldom  purely  a  displacement  backward  ; 
tlie  bones  of  the  forearm  may  be  driven  more  or  less  outward  or  even  inward,  de- 
pending on  just  what  portions  of  the  ligamentous  ajijiaratus  are  torn.  Further- 
more, the  broad  contact  of  sigmoid  and  trochlea  being  lost  and  the  ligaments 
being  torn,  lateral  flexion  movements  of  considerable  degree  are  po.ssible,  and 
in  fact  the  ulna  would  seem  to  be  pivoted  on  the  coronoid  process  in  the  olecra- 
non fossa,  owing  to  which  condition,  because  of  the  weight  of  the  forearm,  inter- 
nal rotation  of  the  latter  wdth  reference  to  the  humerus  may  take  place,  some- 
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vvluit  as  occurs,  thoufili  more  freely,  in  su])rucon(lyl<)i(l  fracture  of  tlie  liumerus 
ami  is  there  the  cliief  factor  in  the  i)r()(hiction  of  the  so-caIle(l  " f^uu-stociv  " 
deforniity. 

In  some  cases  of  dislocation  of  hoth  hones  backward  the  anterior  lii^anients 
are  rii])tured  ahove  the  orbicular  lifiaineiit ,  hut  |)erliaps  more  often  the  orliicular 
li,t;ament  is  torn  from  its  attachment  to  the  ulna  at  one  or  both  emls.  It  may 
then  fall  into  the  joint,  and  interfere  with  I'eduction. 

It  is  not  uncommon  to  lia\'e  moi-e  or  less  of  the  eoi-onoid  jjrocess  broken  off 
by  the  violence  of  the  thrust  and  the  traction  of  tissues  connected  with  the 
process.  The  fragment  may  be  jjulicd  ([uite  a  long  distance  ujAvard  Ijy  fibres 
of  the  brachialis  anticus  muscle  Avhen  it  is  torn  from  its  insertion.  In  some 
cases  the  fragment  is  a  largo  one,  in  others  it  is  scarcely  to  be  made  out  in  the 
Roentgen  })icture;  but  the  fact  that  nuinbei-s  of  bone  cells  are  carried  upward 
is  later  made  evident  by  the  circumstance  that,  aft(>r  reduction  has  been  ac- 
complished, an  obstacle  to  flexion  of  the  limb  still  persists, — an  obstacle  which 
has  doubtless  been  create<l  by  the  gi'owth  of  these  displaced  l)one  cells. 

Swelling  and  effusion  of  blood  and  later  organization  of  the  same,  with 
development  of  new  bone  beneath  stripped-up  ])eriosteum,  may  .so  obscure  the 
findings  on  phy.sical  examination  tliat  the  diagnosis  becomes  extremely  dif- 
ficult. The  Roentgen  picture  is  h(>re  most  valuable,  not  only  because  it  may 
determine  the  presence  of  a  comjjlicating  fracture,  Init  also  l)ecause  it  may 
locate  the  fragments  and  fix  their  size,  and  may  show  the  amount  of  new  bone 
thrown  out  and  its  precise  position : — in  Ijrief,  it  renders  it  jiossible  to  arrive 
at  a  correct  decision  as  to  reducibility. 

In  che  absence  of  a  Roentgen  jiicture,  in  all  Init  the  simplest  and  most  evi- 
dent ca.ses,  an  opinion  should  be  reserved  until  an  examination  can  be  made 
under  full  ana>sthesia. 

Prognosu. — In  nearly  all  backwanl  dislocations  reduction  is  easily  made 
while  the  injury  is  yet  recent,  the  exceptions  being  in  case  of  some  complicat- 
ing fracture,  especially  a  transverse  or  T-fracture  of  the  lower  end  of  the  hume- 
rus, or  a  fracture  of  the  external  condyle,  as  well  as  in  case  of  some  peculiar 
form  of  laceration  of  the  ligaments  by  which  a  large  portion  of  the  capsule 
may  be  interposed  l>etween  the  bones.  Difficulty  of  reduction  increases  very 
rapidly,  however,  with  time,  so  that  at  the  end  of  two  or  three  weeks  but  few 
complete  dislocations  of  the  elbow  can  be  reduced,  and  these  with  great  dif- 
ficulty. Here  the  principal  hinderance  to  reduction  is  the  deposit  of  new  bone 
beneath  the  stripped-up  i)eriosteum  of  the  dorsum  of  the  humerus.  The  cases 
reported  where  a  dislocation  of  several  months'  dm-ation  has  been  successfully 
reduced  are  very  exceptional  and  doubtless  were  simple  cases  with  a  minimum 
of  damage  done  and  the  periosteum  left  practically  intact. 

In  compound  dislocation  of  the  elbow  the  jirognosis  is  not  so  unfavorable 
as  might  be  supposed;  with  proper  cleansing  of  the  joint  and  reduction,  to 
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which  end  the  opening  maj-  require  to  he  enlarged,  followed  by  drainage,  a 
movable  joint  will  be  secured  in  a  con.'^iderable  proportion  of  cases.  Woinuled 
vessels  should  be  ligated  and  divided  nerves  sutured.  In  ca.se  of  failure  of 
union  of  nerves,  due  to  suppuration  or  other  cause,  secondary  suture  will  often 
give  nearly  complete  restoration  of  function. 

In  case  of  suppuration  the  joint  should  be  widely  opened  without  delay, 
efficiently  drained,  jjroperly  placed,  and  retained  in  a  fixed  position. 

Treatment. — Moderate  traction  of  the  previously  flexed  forearm,  with  direct 
pressure  on  the  olecranon,  will  reduce  many  recent  dislocations;  otherwise  the 
method  of  Roser,  which  has  [iractically  supenseded  all  other  methods,  should 
be  used,  preferably  under  complete  anaesthesia.  In  Roser's  method,  the  i>atient 
lying  on  his  back,  the  humerus  is  fixed,  i)i-el\'ralily  at  the  edge  of  the  tabl(>. 
The  operator  then  forcibly  hypei'extemls  the  elbow  to  free  the  unfractvu-ed 
coronoid  process  from  the  oleci'anon  fossa,  and,  without  flexion,  makes  longi- 
tudinal traction  on  the  forearm,  with  the  view^  of  drawing  the  coronoid  process 
down  over  the  trochlea.  Then,  continuing  the  traction,  he  flexes  the  forearm, 
when  the  coronoid  glides  into  place  and  redviction  is  accomplished.  There  are 
two  words  of  caution  here  necessary,  however.  In  makmg  hyperextension 
considerable  force  may  be  reriuii-ed,  but  it  .should  be  under  perfect  control; 
else,  from  the  giving  way  of  some  untorn  pcM'tion  of  ligament,  the  resistance 
may  sudtlenly  be  relieveil  and  excessive  hyperextension  result,  jeo])ardizing  the 
vessels  in  front  of  the  elbow.  Secondly,  flexion  .should  not  lie  made  until  the 
coronoid  is  well  down,  else  it  will  imj^inge  on  the  trochlear  surface  and  imjjair 
the  cartilages  and  perhaps  the  cancellous  bone  of  the  lower  end  of  the  humerus. 
If  it  lie  fountl  tlifhcult  to  reduce  the  head  of  tlie  radius,  much  can  be  gained  liy 
direct  longitudinal  pressure  on  its  upjaer  entl  and  by  lateral  flexion  inward 
(adduction);  rotation  of  the  forearm  inward,  with  jironation,  may  materially 
assist. 

The  method  of  flexion  about  a  i)illar  or  aliout  the  knee  or  the  forearm  of 
the  operator  is  far  older  than  the  method  by  extension,  but  is  inferior  to  it. 
Doubtless  Cooper's  method  is  the  best  of  the  methods  by  flexion.  The  patient 
sits  while  the  operator  stands  in  front  with  his  foot  on  the  chair  beside  him. 
Grasping  the  arm  with  one  hand  and  the  wrist  with  the  other,  the  operator 
makes  strong  traction,  bending  the  clljow  around  his  knee.  Of  course  a 
hmited  degree  of  extension  is  exercised  by  this  plan. 

The  arm  should  be  put  up  at  right  angles  or  in  still  greater  flexion  in  case 
of  fracture  of  the  coronoid  process,  to  avoid  recurrence  of  the  dislocation  and 
to  iiww  approximation  of  the  fragment. 

L.vTERAL  Dislocations. — Dislocations  of  both  bones  of  the  forearm  later- 
ally are  rare  except  in  children,  where  they  may  be  mistaken  for  fractures.  Dis- 
location outward  is  much  moi'e  common  than  inward  jjrobabh'  because  of  the 
high  ridge  of  the  inner  edge  of  the  trochlea  and  the  greater  length  of  the  inter- 
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nal  condyle,  and  also  porliaps  liccause  the  diicction  of  the  \i(ilcnc('  militates 
against  internal  displacement. 

The  mechanism  ol'  tiie  prodiiclimi  of  lateral  dislocation  of  the  elbow  is  not 
definitely  known,  hut  it  would  appeal'  that  it  may  he  caused  in  a  \':u'iety  of  way.s: 
hy  direct  violence,  as  hy  falls  on  the  partially  flexed  elhow  producini^  rotation; 
as  the  result  of  the  complicated  movements  that  occur  in  machinery  accidents; 
and  also  as  the  result  of  indirect  violence,  as  in  falls  on  the  outstretched  hands. 
Some  ha\-e  tlioujiht  that  lateral  dislocation  more  generally  occurs  as  a  result  of 
hyperextension,  as  does  liackward  dislocation,  the  lateral  dis])laccment  beingde- 
rived  from  the  backward  as  a  secondary  jiosition  l)y  means  of  lateral  flexion;  or 
else  that  it  is  produced  by  lateral  flexion  or  rotation  occurring  at  the  moment 
of  dislocation.  Adduction  and  abduction,  with  the  limb  in  partial  flexion 
while  the  humerus  is  fixed,  jn'oliably  accoimt  fr>r  some  cases,  the  former  i>r(_)duc- 
ing  outward  dislocation,  the  latter  inward. 

In  the  somewhat  rare  ca.ses  of  com])lete  lateral  dislocation  outward,  the 
deformity  i)roduced  by  the  projection,  innnediately  beneath  the  skin,  of  the 
lower  end  of  the  humerus,  and  the  ]>rominence  of  the  up])er  ends  of  the  radius 
and  ulna  on  the  side  of  the  humerus,  make  the  diagno.sis  e^'ident. 

Much  more  commonly  the  dislocation  is  incomplete,  tlie  greater  sigmoid 
ca^'ity  of  the  ulna  resting  on  the  capitellum.  The  elbow  is  wider  than  nor- 
mally and  the  forearm  is  held  in  pronation  or  supination  according  to  the  posi- 
tion of  the  head  of  the  radius.  This  latter  is  generally  jirominent  beneath  the 
skin,  but  may  be  obscured  by  swelling.  The  internal  epicondyle  is  sharply 
jirominent  unless  broken  off,  when  it  may  fall  into  the  joint  and  interfere  with 
reduction.  The  ulnai-  nerve  may  be  injured,  and  perhaps  the  posterior  inter- 
osseous nerve  also.  Backward  and  outwaid  dislocation  is  rather  to  be  con- 
sidered a  variety  of  the  backward  than  of  the  outwaid. 

Inward  Disloc.vtions. — Comijlete  inward  ilislocation  of  both  bones  does 
not  occiu'.  In  partial  dislocations  the  greater  sigmoid  cavity  of  the  ulna  rests 
on  the  internal  condyle,  obscuring  it.  The  external  condyle  is  prominent,  and 
the  head  of  the  radius  is  missing  from  in  front  of  it  and  will  be  hnmd  resting  on 
the  trochlea.  Because  of  the  difference  in  level  of  the  trochlea  and  the  internal 
condyle  there  are  apt  to  be  more  or  less  adduction  at  the  elbow  and  internal 
rotation.     The  forearm  is  pronatcd. 

Divergent  Disloc.\tion. — -Divergent  tlislocations  are  ver}-  rare  (16  cases 
recorded,  14  antero-posterior  and  2  lateral,  Stimson).  The  pathology  and  symp- 
toms are  little  different  from  the  combineil  pathology  and  symptoms  of  isolated 
dislocations  of  the  two  bones.  The  internal  lateral  ligament  is  torn,  the  interos- 
seous membrane  is  more  or  less  torn,  and  the  orbicular  ligament  is  torn  or  loosened 
from  one  or  both  of  its  ulnar  attachments.  The  humerus  is  tlriven  between 
the  two  bones,  the  elbow  is  markedly  flexed,  and  the  forearm  is  rotated  inward. 

Dislocation  of  the  ulna  backward  and  of  the  radius  forward  can  only  be  the 
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result  of  great  violence  that  tears  the  ligaments  widely,  especially  the  orbicular 
ligament,  and  permits  the  radius  to  leave  the  ulna.  The  forearm  is  held  rigidly 
in  a  somewhat  extended  position  midway  between  pronation  and  supination. 
There  is  adduction  or  i-ather  rotation  inward. 

Treatment. — In  general  an  atteiniit  shoukl  be  made  to  reproduce,  or  rather  to 
reverse,  the  mechanism  of  production  of  the  dislocation  as  most  likely  to  lead  to 
successful  reduction,  traction  and  adduction  being  made  in  case  of  a  dislocation 
outward  and  alxluction  in  case  of  one  inward.  Lateral  pressure  on  the  opposed 
parts  will  aid  materially  in  reposition  of  a  dislocation  outward.  The  disloca- 
tion may  be  attacked  as  if  it  were  a  dislocation  backwanl,  aral  reduced  by  the 
same  manoeuvres  which  are  suitable  for  that,  assistance  being  afl'orded  by  direct 
prcssiu'e  in  the  desired  direction.  Sometimes  it  is  advisable  to  reduce  one  bone 
first  and  then  the  btlier. 

Retluction  is  to  be  made,  first  of  the  ulna  by  the  method  of  extension,  then  of 
the  radius  by  extension  of  the  forearm  and  supination,  and  by  direct  pressure  on 
the  upper  jiortion  of  the  radius. 

Dislocations  I'orward. — These  are  rare,  but  occur  more  freiiucntly  with- 
out than  with  fracture  of  the  olecranon.  Scarcely  twenty-five  cases  have  yet  been 
recorded  (Stimson)  and  seven  of  these  were  with  fracture  of  the  olecranon,  and 
as  far  as  known  they  were  caused  by  blo\AS  on  the  tip  of  the  flcxeil  elbow.  And 
yet,  from  experiments  on  th(>  cadaver  it  is  admitted  that  circumduction  of  the 
forearm  about  the  axis  of  the  humerus,  or  great  supination,  the  elbnw  being 
sharply  flexed  and  finally  extended,  maybringthe  olecranon  outward  and  forward 
on  the  anterior  surface  of  the  trochlea,  when  extension  will  force  the  olecranon 
ui)ward.  '1  hi'  injui-y  is  always  a  severe  one  and  is  accompanied  by  a  rupture  of 
the  internal  lateral  ligaments  and  more  or  less  of  the  outer.  In  the  majority  of 
cases  of  dislocations  forward  a  blow  on  the  tip  of  the  strongly  flexed  elbow 
appears  to  have  been  the  causative  agent. 

Two  clinical  varieties  are  described:  one  where  the  tip  of  the  olecranon  rests 
on  the  trochlea  and  the  other  where  the  dorsum  of  the  olecranon  rests  on  the  ante- 
rior surface  of  the  humerus.  In  the  first  the  forearm  is  sharply  flexed,  in  the 
second  much  less  so.  In  the  first  the  antero-posterior  diameter  of  the  lower 
part  of  the  arm  is  increased,  the  olecranon  fossa  is  ])alpable  when  the  olecranon 
is  not  broken  off  and  left  in  situ,  and  the  elbow  is  blunt  instead  of  l)eing 
pointed.  In  the  second  form  the  coroiioid  and  the  sigmoid  fossa  are  ])alpable 
in  front,  and  the  tip  of  the  olecranon  may  be  felt  iimncHliately  beneath  the  skin. 

If  the  olecranon  is  broken  oft'  and  remains  in  the  olecranon  fossa  it  preserves 
the  sharp  point  of  the  elbow  and  can  be  felt  movable  beneath  the  skin.  The  arm 
is  shortened,  ami  in  fiont  of  the  arm  the  sharply  |)rominent  coi-onoid  pi-occss  may 
be  felt,  but  of  course  not  the  olecranon.  These  cases  are  more  properly  to  be 
described  as  fractures  of  the  olecranon  with  forward  dislocation  as  a  compli^ 
cation. 
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Because  of  the  severity  nf  t!ic  injui y  and  llie  extensive  laceratimi  "f  llie  liga- 
ments, recUu'tion  is  not  apt  tn  \>v  ditiicull.  'i'lie  arm  should  be  ]jut  \\\>  at  a  rif;lit 
anf;ie,  and  passive  nioliim  made  after  ten  days  or  two  weeks.  In  ease  of  fraeture 
of  the  olecranon,  unless  satisfactory  adjustment  is  obtained,  (he  ixme  sliould  be 
fastened  in  place  by  screw,  wire,  or  kanj^aroo  tendmi.  (See  p.  IM!)  nf  \'ol.  III.) 
IsoLATKi)  Dislocation  oI''  'iki-;  I'i-xa. — Dislocation  of  tlie  ulna  alone  occurs 
very  rarely  and  then  nearly  always  in  a  backward  direction  and  as  the  result  of 
lateral  flexion  of  the  extended  arm  inward.  Dislocation  of  the  ulna  in  any  other 
direction  would  rc(|uii-e  stich  extensive  se])aration  of  the  interosseous  ligaments 
as  to  be  almost  impossible.  The  foi-earni  is  of  necessity  rotated  inward  and 
there  is  more  or  less  change  of  position  of  the  head  of  the  radius  on  the  cni- 
inentia  capitata.  Dei.)endin<i  on  the  extent  of  laceration  of  the  orbicular  hga- 
ment,the  ulna  is  moi-e  or  less  free  of  the  head  i)f  the  radius  and  lies  with  the 
coronoid  process  on  the  posterior  surface  of  the  trochlea  or  in  the  olecranon 
fossa  or  innnediately  beneath  tlie  radius.  The  dislocation  is  more  apt  to  be 
incomplete  and  of  the  first  form. 

The  arm  is  held  in  more  or  less  complete  extension,  is  capable  of  supination 
and  pronation,  is  rotated  inward,  and  is  held  in  lateral  (ulnar)  flexion  inward. 

As  measured  from  the  internal 
epicondyle  to  the  styloid  the 
foi'earm  is  shortened  on  the 
ulnar  side. 

Reduction  is  best  accom- 
|)lished  by  hyperextcnsion,  su- 
pination, and  abduction. 

There  is  one  recorded  case 
(Loison's)  of  dislocation  of  the 
ulna  inward,  the  sigmoid  em- 
bracing the  cpitrochlea,  and 
there  arc  two  of  dislocation 
forward  (Stimson's  and  Wight's) 
with  tearing  up  of  the  anterior 
muscles  of  the  arm  and  laceration 
of  the  internal  lateral  ligament. 
Isolated  Dislocation'  of 
THE  Radius  (Figs.  27  and  28). 
— Dislocations  of  the  radius 
alone  are  much  more  common  than  of  the  ulna  alone.  Thev  are  of  four  vari- 
eties: forward,  I)ackward,  outward,  and  downward.  The  last  occurs  only  in 
chilcb"en  antl  is  sometimes  calleil  dislocation  by  elongation, — probably  better 
described  as  diastasis. 

Dislocation  of  the  radius  forward  is  the  most  fre(juent  of  these  and  is  the  re- 


FiG.  27. — Upward  DLslocation  of  Uie  Radius,  witii  Fract- 
ure of  tlie  Ulna,  in  an  Adult.  Side  view.  (Roentgen 
Department  of  Lane  Hospital,  San  Francisco/* 
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suit  of  intornal  lateral  flexion  (adduction)  and  foreed  pronation,  the  forearm 
being  in  the  position  of  partial  flexion.  Clinically,  it  occurs  in  falls  on  the  hand. 
It  is  suggested  that  the  crossing  of  the  radius  anil  ulna  in  pronation  develops  a 
fulcrum  pei'mitting  the  force  exerted  at  the  wrist  to  tear  the  orljicular  ligament, 
but  it  should  be  remembered  that  in  the  muscled  forrarm  no  such  contact  takes 
place  between  the  bones  as  oc- 
curs in  the  strij^ped  skeleton, 
although  the  underlying  oppo- 
sition yet  remains. 

Generally  the  orbicular  liga- 
ment is  torn  awa}'  from  one  or 
other  of  its  ulnar  attachments 
or  is  torn  across  above,  l)ut  the 
head  of  the  raduus  may  be 
slipped  out  of  the  ring  of  the 
orbicular  ligament  by  exagger- 
ated ailduction,  with  only  minor 
damage  to  the  latter. 

Often  there  is  concomitant 
fracture  of  the  ulna  at  tiie 
junction  of  its  upi)er  and  mid- 
dle thirds.  (See  Fig.  27,  taken 
from  one  of  four  cases  seen  by 
the  writer,  and  Fig.  29.)  Some- 
times there  is  fracture  of  the  head  of  the  radius,  or  fractvu-e  of  the  internal  condyle. 

The  symptoms  (lejx'nd  somewhat  on  the  degree  of  tlisplacenient  of  the  head  of 
the  radius  forward.  If  this  is  slight  and  the  intero.sseous  membrane  is  but  little 
torn,  the  iiead  of  the  radius  impinging  on  the  upper  part  of  the  external  condyle 
prevents  flexion  of  the  forearm  beyond  a  right  angle.  If  the  tearing  of  the  liga- 
ments is  greater,  the  head  of  the  radius  may  be  sufficiently  displaced  upward, 
when  the  forearm  is  flexed,  to  pass  over  the  upper  border  of  the  external  condyle. 
In  one  case  seen  by  the  writer  in  a  boy  of  twelve,  in  whom  the  dislocation  and 
fractui-eof  the  ulna  were  some  two  years  old,  there  were  almost  complete  range 
of  flexion  and  extension,  and  nearly  perfect  pronation  and  supination.  In  another 
an  upward  and  outward  bend  of  the  upper  part  of  the  radius  permitted  the  head  of 
the  radius  to  ride  over  the  condyle.  This  was  a  very  old  dislocation,  jiossibl}' 
congenital. 

Ordinarily  the  forearm  is  held  in  abduction  (internal  condyle  prominent) 
and  in  pronation.     Lateral  mobility  is  considerably  increased. 

Palpation  shows  the  absence  of  the  head  of  the  radius  in  front  of  the  internal 
condyle  and  its  presence  above  in  a  rounded  mass  beneath  the  supinator  longus 
muscle. 


Fig.  28. — Antero-]io.sterior  \'iew  of  tlie  Case  Shown  in 
Fig.  26.  (Roentgen  Department  of  Lane  Hospital,  San 
Francisco.) 
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Treatment. — Reduction  is  fienerally  to  bo  pffooted  l)y  sinii)lo  pressure  on  the 
head  and  ujiper  part  of  the  radius.  Roscr  advises  slight  dorsal  Hexion  (hyper- 
extension)  followed  by  flexion  with  direct  pressure.  In  case  the  head  of  the  bone 
has  slipped  out  of  the  orbicular  ligament  the  anterior  capsule  of  the  joint  will  be 
intei'posed  between  the  iiead  of  the  radius  and  the  eminentia  cajiitata.  Because 
of  the  tearing  of  the  orbicular  ligament  and  interosseous  ligament  there  is  noth- 
ing to  retain  the  head  of  the  radius  in  place  and  the  tendency  to  relaxation 


Fic.  20. — Displacement  of  tiie  Head  of  the  Radius  ]4ai-l<vvard,  and  Fraoture  of  tlic  Ulna,  (.\fter 
Helferioh.)  n,  Appearance  presented  by  a  forearm  in  which  dislocation  of  the  radius  back\\ard  and 
fracture  of  the  ulna  had  both  occurred;  b,  dissection  showing  the  relations  of  the  radius,  ulna,  and 
humerus  to  one  another  in  the  case  referred  to  above. 


is  very  marked.  Roser  atlvises  putting  u[t  tlie  arm  in  acute  flexion  to  prevent 
reluxation  for  a  time. 

Concomitant  fracture  of  the  shaft  of  the  ulna  does  not  militate  against  re- 
duction in  recent  cases.  In  these  the  forearm  should  be  put  up  flexed  at  a 
right  angle  and  between  jironation  and  supination. 

However,  under  the  liest  of  conditions  the  scar  in  the  oii/icular  ligament, 
being  weak,  is  apt  to  stretch  under  the  traction  of  the  bicejis  muscle  in  active 
flexion,  and  more  or  less  comi)lete  luxation  forward  may  result  even  long  after 
an  apparent  cure. 

In  old  unreduced  dislocation  and  where  reduction  is  either  not  possible  or  is 
not  efficiently  maintained,  resort  may  be  had  to  oi>eration.  Simple  excision  of 
the  head  of  the  radius  will  permit  flexion  of  the  forearm,  and  jironation  and 
supination,  but  in  suitable  cases  the  orbicular  ligament  may  lie  sutured.  In 
the  case  shown  in  Fig.  30,  an  okl  anterior  ilislocation  of  the  radius  with  fracture 
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of  the  ulna,  the  writer  was  enabled,  after  opening  the  joint  and  disseeting  out  a 
fibrous  mass  from  the  lesser  signioitl  fossa,  to  replace  the  head  of  the  radius. 
The  orbicular  ligament  being  very  largely  destroyed  (there  was  not  enough  of 
it  left  to  reach  around  the  neck  of  the  radius),  a  flap  from  the  anterior  portion  of 
the  capsule  of  the  joint  was  passed  arounil  the  head  of  the  radius  ami  sutured 
to  the  periosteum  and  aponeiu'otic 
insertions  on  the  outer  side  of  the 
ulna.  At  the  end  of  a  year  no  re- 
luxation  had  occurred,  although 
the  patient  had  been  cngageil  in 
manual  work,  and  this  in  spite  of 
the  fact  that  non-union  of  the  ulnar 
fracture  persisted.  The  elbow  could 
be  flexetl  to  an  angle  of  sixty  de- 
grees with  the  humerus  and  ex- 
tentled  to  about  one  hundred  and 
sixty-five  degrees,  while  I'otation 
was  completely  restored. 

Without  operation  the  prog- 
nosis as  to  function  is  not  al- 
together unfavorable,  for  if  the 
head  of  the  radius  be  lifted  high 
enough  it  will  permit  of  flexion  by 
passing  over  the  external  condyle.  In  young  children  the  radius  bends  outward 
and  upward,  lessening  the  resistance  to  supination.  In  two  cases  seen  by  the 
writer,  of  old  unreduced  anterior  dislocation  of  the  heatl  of  the  radius  in  boys  of 
ten  and  twelve,  there  were  complete  flexion  and  pronation  and  such  slight  limita- 
tion of  supination  and  extension  as  to  make  operation  unjustifiable. 

DisLoc.\Tio.\s  OF  THE  R.^Dius  B.xcKWAKD. — Lcss  commou  than  dislocations 
of  the  radius  forward  are  dislocations  backward.  They  occur  in  young  people. 
A  blow  in  front  of  the  upper  portion  of  the  radius  might  be  expected  to  cause  this 
dislocation,  but  the  great  protection  due  to  the  dei)th  of  the  radius  beneath  the 
supinator  and  extensor  muscles  at  this  point  makes  this  unlikely.  Most  cases 
clinically  give  a  history  of  falling  on  the  outstretched  hand  as  in  dislocation 
forward,  but  probably  in  supination  oi\  what  is  nearly  the  same  thing,  in  the  fall, 
the  humerus  is  rotated  inward  on  the  Hxed  forearm. 

The  deformity  is  characteristic:  the  forearm  is  held  in  mid-flexion,  in  mod- 
erate pronation,  and  can  neither  be  flexed  nor  extended  nor  supinated.  The 
lateral  angle  at  the  elbow  is  exaggerated ;  i.e.,  the  radial  side  of  the  arm  is  short- 
ened and  the  forearm  is  rotated  outward  on  the  humerus.  The  internal  epi- 
condyle  is  prominent  and  the  head  of  the  radius  is  felt  beneath  the  capitellum. 

Treatment. — Reduction  is  to  be  eft'ected  through  traction  with  extension  and 


Fii;.  30. — Two  Exposures  on  the  Same  Plate.  Show- 
ing Range  of  Flexion  and  F.xten.sion  in  an  Old  Un- 
reduced .interior  Dislocation  of  the  Ratlins,  in  which 
the  head  of  the  Radius  rides  over  the  external  condyle. 
(Original.) 
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supination,  dii'i'd  jjrcssui'c  l;cing  niailc  ai  the  saiiic  time  on  the  iicad  of  the 
rudiu.s. 

Dif«T.oc.\Tio.\s  OF  ■mi';  i'Ann  s  Oitwahd. —  Di.^localion  of  the  radius  out- 
ward is  I'ai'c  cnou^li  to  hr  looked  npou  as  a  surgical  curiosity.  Sciu'otcr  collected 
some  ten  cases  fi'oni  tiie  litcratui'e,  Ijut  Stiinson  says  that,  if  the  cases  with  fract- 
ure of  the  ulna  are  excludecl,  not  more  tlian  one  or  two  have  been  rejjortecl. 
The]-e  are  o]i]iortunities  for  dilfej-encc  of  oiiiiiion  as  to  the  exact  jiosition  of  tlie 
I'adius  in  a  f;iven  case,  and  it  is  a  very  nice  distinction  to  say  just  which  case 
is  a  purely  latei'al  dislocation  and  wliii'li  an  oulwai'd  and  forwai'd  or  an  outward 
and  backward. 

With  outwai'd  displacement  of  the  ladius  the  interosseous  m(>mbranc  is 
tensely  stretched  if  not  jiailly  torn  and  the  foi-earni  is  held  midway  between 
l^ironation  and  sui:)ination. 

The  cases  which  complicate  fracture  of  the  upper  i)art  of  the  ulna  are  said  to 
he  due  to  direct  jiressiu'e  outward  of  the  fi'agments  of  the  ulna  at  the  point  of 
fracture,  or  rather  this  iioint  may  be  considered  a  fulcrum  on  which  the  radius 
rotates  as  a  lever  in  adduction. 

rrea^me/i/.— Reduction  is  not  difficult,  in  fresh  cases,  Iw  extension,  supination, 
and  direct  pressure  on  the  head  of  the  radius.  Adduction  may  assist,  and  in  old 
cases  open  operation  has  succeeded. 

Dislocations  OF  the  Radius  Downward. — Dislocation  of  the  radius  down- 
ward, or  diastasis,  according  to  the  accumulation  of  evidence,  is  the  ex))lana- 
tion  of  the  injury  which  has  frequently  been  found  in  young  children,  generally 
under  fovu*  and  almost  invariably  under  six  years  of  age.  The  diastasis  is  pro- 
duced by  simple  traction  on  the  wrist  or  ]>erhaps  with  an  additional  lateral  com- 
ponent of  force  (adduction)  due  to  swinging  the  child.  The  head  of  the  radius, 
at  least  its  anterior  edge,  is  ])ulled  out  of  the  ring  of  the  orbicular  ligament,  by 
the  traction  and  ackhiction.  .Suj:)ination  increases  the  lateral  angle  between  hu- 
merus and  radius,  and  therefore  increases  the  effect  of  the  longitudinal  traction. 

The  arm  is  immediately  jminfid  at  both  wrist  and  elbow  and  is  held  in  pro- 
nation.    The  most  characteristic  feature  is  the  inability  to  perform  sujjination. 

Treatment. — In  forcing  supination,  and  sometimes  by  the  aid  of  flexion  and 
adduction,  a  snap  is  heard  and  the  symptoms  disappear.  The  head  of  the  radius 
is  dislodged  from  the  antei'ior  edge  of  the  annular  ligament  and,  passing  up- 
ward within  it,  takes  its  normal  position  on  the  capitellum. 

Old  Unreduced  Dislocations. — As  said  above,  the  difficulties  of  reduction 
increase  very  rapidly  with  the  lapse  of  time  after  dislocation,  because  of  adhe- 
sions, the  result  of  organization  of  inflammatory  tissues,  and  of  the  growth  of 
new  bone  from  strii:)ped-up  periostemn  or  from  bony  fragments,  the  result  of 
complicating  fracture.  Muscular  retraction  is  of  some  influence,  but  is  over- 
come without  great  difficulty  unless  time  enough  has  elapsed  for  ilefinite  con- 
tracture to  take  place.     Obstruction  to  reduction  on  the  side  of  the  soft  parts 
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may  l)e  more  often  overcome  by  breakiiii;  up  of  adhesions  and  stretching  of  scars, 
and  dislocations  presrntin.n  ol)stnictions  to  rechiction  only  of  this  sort  can  lie 
reduced  even  after  a  long  time.  Still,  occasionally  shortened  bands  and  mus- 
cles will  reriuire  to  be  cut  before  reduction  is  possible. 

Before  any  etiort  is  maile  at  reduction  of  an  elbow  dislocation  of  more  than  a 
very  few  weeks'  duration,  and  still  more  so  if  unsuccessful  attempts  at  reduction 
have  previously  lieen  made,  an  .r-ray  picture  should  be  secured,  by  which  means 
much  will  be  learnetl  concerning  the  character  of  the  obstruction.  Often  by 
this  means  the  use  of  force  with  its  many  dangers,  will  be  avoided.  By  tlie  use 
of  force  in  hyperextension  the  ligaments  in  front  of  the  joint  may  be  torn  off  or 
the  vessels  injured,  and  in  forcc-d  flexion  tliere  is  great  danger  of  fracture  of  the 
olecranon,  or  of  damage  of  the  trochlea  by  the  coronoid  process  crushing  into  it. 

Formerly,  in  refractory  cases  the  only  recourse  was  resection,  or  else  forcing 
the  joint  into  as  nearly  as  possible  the  right-angled  position  and  maintaining  it 
there,  by  which  a  comparatively  useful  arm  would  be  secured. 

Resection  may  be  expected  to  give  excellent  range  of  flexion  and  extension, 
although  the  ])ower  or  force  capable  of  being  exerted  in  extension  is  deficient. 
P'recjuently  the  hand  cannot  l)e  raiseil  above  the  head,  and  there  are  decided 
deformity  and  increased  lateral  mobility.  Still,  the  arm,  having  good  ]iower  and 
range  of  flexion,  is  ijuite  generally  accepted  as  Ijeing  more  useful  than  wlien 
the  elbow  is  stiff  and  set  at  a  right  angle. 

In  recent  years  the  operation  of  reduction  by  open  incision,  when  performed 
with  perfect  asepsis,  has  come  to  the  front  and  gives  a  more  nearly  normal  joint 
with  moderate  limitation  of  motion.  Liston  is  said  to  ha\'e  reduced  such  a  dis- 
location after  subcutaneous  division  of  all  tense  bands,  but  modern  work  in  this 
field  dates  from  1879  when  Trendelenburg  dividetl  the  olecranon,  opening  the 
joint  widely,  and  dissected  out  fibrous  tissue  ami  newly  formed  bone,  and,  after 
reduction  antl  final  union  of  the  olecranon,  secured  a  movable  joint. 

The  operation  may  be  done  tlirough  a  single  radial  incision  such  as  Kocher's 
incision  for  resection,  or  through  bilateral  incisions,  according  to  the  nature  and 
position  of  the  obstructions  to  reduction.  Bunge  (Arch.  /.  kiin.  Chir.,  LX.,  p.  557) 
does  not  hesitate  so  to  loosen  up  the  parts  as  to  cause  the  entire  lower  end  of  the 
humerus  to  jarotrude  through  the  incision.  Shortened  bands  and  ligaments 
.should  be  cut,  fragments  of  bone  removed,  and  new  bone  cut  away;  and  fibrous 
masses  should  be  peeled  off  the  articular  cartilages.  It  is  important  to  injure  the 
articular  cartilages  as  little  as  possible.  When  reduction  is  accomplished,  short- 
ened tissues  should  be  stretched  by  subsecjuent  forcible  movement  of  the  joint. 
The  arm  should  be  put  up  in  plaster  of  Paris  at  a  right  angle  and  passive  motion 
be  begun  early,  i.e.,  after  five  or  six  days.  Stinison  has  reported  a  number  of 
cases  successfully  treated  in  this  manner  by  him. 

In  case  of  failure  to  secure  a  movable  joint,  the  operation  of  Murphy,  of  Chica- 
go, of  interposing  a  flap  of  fibrous  and  fatty  tissue  from  the  back  of  the  arm 
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between  tlic  bones  (t^evJour.  oj  Amer.  Med.  Ahso.,  WAX .,  1 '.)():')),  will  oft  en  .secure 
useful  niol)iIity.  The  ojjenition  of  Murphy  has  undoubteilly  won  for  itself  a 
prominent  position,  but  (he  liiial  judfi'nient  as  to  its  su|ierioi'ity  o\-er  resection 
cannot  be  said  to  have  been  reached  as  yet. 

Dislocation  of  the  I)ist.\l  RAr)n)-UL.\AR  Joint. — The  relative  movements 
of  the  head  of  the  ulna  and  the  lower  end  of  the  radius  are  determin^'d  to  a  larfje 
extent  i)y  the  attachment  of  the  ti'ianiiular  lii;;ament  or  interosseous  tibro-car- 
tilage  to  the  styloid  ]>roeess  of  the  nhia,  this  lattei'  beiny;  vei-y  near  the  axis 
about  which  the  radius  rotates  in  pronation  and  sujiination.  This  rotation  is 
limited  also  by  the  interosseous  membrane  and,  at  the  lower  end  of  the  bones,  by 
the  anterior  and  posterior  radio-ulnar  ligaments. 

Exce]>t  as  a  coniphcation  of  fracture  of  the  radius,  particularly  of  the  lower 
end  in  which  frecjuently  also  the  ulnar  styloid  i.s  broken  off,  dislocation  of  the  cli.s- 
tal  radio-ulnar  joint  is  very  rare.  It  is  described  as  dislocation  of  the  lower  end  of 
the  ulna,  jirobably  because  of  the  small  size  of  that  bone,  but  contrarily  to  the 
rule  of  classification,  since  the  ulna  is  the  more  fixed  of  the  two  relatively  to 
the  remainder  of  the  bod}-.  Dislocations  l)ackwai-<l  and  forward  are  described, 
the  former  due  to  excessive  pi'onation,  the  other  to  excessive  supination.  In 
a  case  reported  by  Baum  (Zeil.  j.  Cliir.,  LXV'II.)  a  sharp  blow  on  the  lower  end 
of  the  ulna  produced  a  forward  dislocation. 

In  dorsal  (Hslocation  the  hand  is  held  midway  between  pronation  and  supina- 
tion; pronation  is  permitted,  but  supination  is  greatly  limited.  The  transverse 
diameter  of  the  lower  part  of  the  forearm  is  lessened  and  the  antero-posterior 
increased,  and  the  styloid  rests  on  the  dorsum  of  the  radius.  In  volar  dislocation 
the  styloid  is  often  broken  off,  but  may  be  prominent  on  tlie  flexor  surface; 
pronation  is  limited. 

Treatment. — In  dorsal  dislocation  reduction  is  to  be  effected  by  supina- 
tion and  direct  pressure,  and  in  volar  by  pronation  and  direct  pressure. 

D1A.STASIS  of  the  Head  of  the  Ulna. — Simple  diastasis  of  the  ulna  occa- 
sionally occurs  in  consequence  of  fracture  of  the  styloid  and  rupture  or  stretch- 
ing of  the  radio-ulnar  ligaments.  Abnormal  mobility  of  the  head  of  the  ulna 
is  left. 

Dislocations  of  the  Wrist. — The  wrist  joint  approaches  very  nearly  the  typical 
l)all-and-.socket  joint,  for  thescaphoidanil  semilunar  an<lcuneifoi'm  bonestogether 
make  a  rounded  eminence  comparable  to  the  head  of  the  femur  or  humerus,  and 
which  is  sometimes  called  the  "  head  of  thehand."  The  shallow  socket  is  composed 
of  the  articular  surface  of  the  radius  and  the  lower  surface  of  the  triangular  liga- 
ment. The  chief  motions  permitted  by  the  wrist  joint  proper  are  flexion  and  ex- 
tension (ilorsal  flexion)  and  lateral  abduction  and  adduction  with  but  little  rota- 
tion. Dorsal  flexion  and  volar  flexion  are  limited  l)y  contact  of  the  carpal  bones 
posteriorly  and  anteriorly  on  the  edges  of  the  articular  surface  of  the  radius,  and 
to  some  extent  also  by  tension  of  the  anterior  and  posterior  ligaments.     So  strong 
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Fig.  31. — Deformity  Result- 
ing from  Dislocation  of  the 
Carpus  Forward. 


arc  these  ligaments  ami  so  firm  their  attaeliments  to  the  radius  that  excessive 
flexion  in  either  direction  is  much  more  apt  to  result  in  fracture  of  the  lower  end 
of  the  radius  than  to  tear  of^'  or  rupture  the  ligaments,  iirotlucing  true  di.slocation 
of  the  carpus.  In  the  earlier  surgical  literature  these  fractures  were  described  as 
dislocations,  but  when  their  true  nature  was  discovered  the  pentlulum  swung  as 
far  the  other  way  and  dislocation  of  the  carpus  was 
denied  by  many  surgeons,  among  whom  was  no  less  ^^^/. 
an  authority  than  Dupuytren. 

Dislocation  of  the  carpus  does  occur,  however, 
both  backward  and  forward,  though  perhaps  more 
frequently  in  the  former  direction.  The  deformity 
resembles  that  of  fractvire  of  the  lower  end  of  the  ra- 
dius; but  in  recent  cases,  and  if  not  too  great  swell- 
ing has  occurred,  the  articular  surface  of  the  radius  is 
to  be  made  out  by  palpation.  Extreme  dorsal  and 
^■olar  flexion,  combined  with  great  foi'ce,  causes  these 
dislocations;  the  backward  ones,  as  a  rule,  being 
caused  liy  the  latter  factor,  and  the  forward  by  the 
former.  In  dislocation  backwartl  the  tendons  are 
lifted  oft'  the  posterior  surface  of  the  radius. 

Treatment. — Reduction  is  usually  readily  attained 
by  means  of  traction  on  the  hand,  or  by  direct  pressure  on  the  displaced 
bones,  or  by  both  combined.  Slight  displacement  forward  is  the  tendency 
after  reduction. 

Compound  dislocations  of  the  urist  are  the  result  of  great  force  antl  are  severe 
injuries.  Couteaud  (Rerue  de  Chir.,  XXVI.,  No.  8)  collected  seventeen  cases 
(including  two  of  his  own)  in  which  the  mortality  was  fifteen  per  cent.  Ankylosis 
was  the  general  result  and  only  exceptionally  was  motion  of  the  fingers  retained. 
Interference  with  nerve  function,  deformit\-  and  malposition  of  the  hand,  sub- 
luxation, etc.,  often  resulted.  The  prognosis  naturally  depends  on  the  degree  of 
injury  and  on  the  character  and  intensity  of  infection.  Couteaud  advised 
prophylactic  injections  of  anti-tetanic  serum,  cleansing  anil  reposition,  in  most 
cases  with  drainage,  but,  in  the  presence  of  fracture,  resection.  In  infected  cases 
resection  may  be  recjuired  secondarily.  Passive  motion  and  massage  should  be 
begun  early.  Amputation  is  seldom  indicated;  this  on  the  ground  that  even  a 
deformed  hand  is  better  than  an  artificial  one. 

A  few  cases  have  been  reported  of  dislocation  of  the  second  row  of  carpal 
bones  upon  the  dorsum  of  the  first  row  with  shortening  of  the  hand  and  antei'o- 
postcrior  thickening,  interfering  with  the  motions  of  the  fingers. 

DisLoc.\Tio\s  OF  I\DiviDr.\L  BoxE.s  OF  THE  Carpfs. — Individual  bones 
of  the  carpus  are  occasionally  dislocated  and  of  these  the  most  commonly  dis- 
located is  the  semilunar.     Eigenbroilt    (Brims'    Beitr.,    XXX.)    collected    52 
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cases  (if  wliicli  27  were  of  tlio  spiiiilunar,  9  of  tlir  scajilioid  (?>  coiriplii'atfd  with 
fracture  of  the  scaphoid),  ">  of  the  pisiform.  4  of  the  trapezoid,  4  of  the 
trapezius,  and  3  of  the  uncifonn. 

l)isI()r(iliiiN  iif  the  s(tiiiiiiti(ir  may  lie  eitliei'  forward,  tlie  residt  of  dorsal 
fiexioii,  or,  less  commonly,  hackward  from  \'olar  flexion.  The  mechanism 
of  the  piroduetion  of  the  dislocation  of  (he  semilunar  is  not  clearly  under- 
stood. Lesser  {Zcilschr.  }.  Cliir..  L.WII.)  opposes  the  traction  theory  of 
l^erger,  the  i)i'e,ssure  thi'ory  of  Potel,  and  the  cheri-y-stoiie  theory  of  Alljertin, 
claiming  that  the  dislocation  is  due  to  lever  action  and  not  to  direct  pressure 
or  traction. 

Dislocation  of  tlie  srmilunar  may  he  complicated  liy  fractui'e  of  the  radius 
or  of  the  .scaphoid  and  in  a  large  proportion  of  cases  is  compound  (ten  of  the 
twenty-seven  cases  of  lugenhrodt). 

Great  swelling  may  obscure  the  projection  of  the  bone  in  recent  cases.  There 
are  more  or  less  disability  of  the  fingers  and  pain  from  pressure  on  the  median  or 
the  ulnar  nerve.  The  diagnosis,  which  may  be  difficult  in  inilividual  cases,  is  made 
clear  by  a  Roentgen  picture,  and,  by  taking  profile  as  well  as  antero-posterior 
views,  ihe  position  of  the  bone  may  fie  accurately  determini'd  and  complicating 
fractiu-e  made  out. 

Reduction  of  the  dislocation  can  seldom  be  accomplished  even  in  recent  cases, 
perhaps  bccauseof  rotation  of  the  bone,  but  reduction  by  open  operation  has  suc- 
ceeded in  a  few.  In  several, 
reluxation  has  occurred,  re- 
quiring removal  of  the  bone. 
In  compound  dislocation  and 
in  those  cases  in  which  reduc- 
tion fails,  extirpation  should 
be  ]:)erformed  and  will  give  a 
useful  wrist. 

In  a  recent  case  of  forward 
dislocation  of  the  semilunar  by 
Heygraves  (Lancet,  1902,  II.) 
there  was  a  bony  prominence 
in  front  of  the  wrist  at  the 
IcA'cl  of  the  ratlial  styloid  and 
a  .shortening  of  about  one-fifth 
of  an  inch  (0.5  cm.)  as  meas- 

Fiu.  32.-nislocation  of  the  Soaphoi.l  Forward.      (Ru«,tgen       ^,j.pj  fj.Q,-,j   ^j^^  styloid  prOCCSS- 
Department  of  Lane  Jlospital.  San  Fr.aneiseo.) 

es.  Pronation  was  possible, 
but  supination  was  painfid.  Retluction  v,'as  effected  by  traction  and  direct 
pressure.  In  a  case  of  volar  dislocation  one  year  old,  Urban  (Wien.  med. 
Wnch.,  1903)  excised  the  semihmar  bone  with  relief  of  pain  and.  restoration  of 
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lie:.  33. — Di.-il(>c:itii)ii  ol'  the  Semilunar  and 
Scaphoid.      Profile  view.      (After  Lejars.) 


motion,  but  because  of  lack  of  sup- 
port the  wri.st  was  slijihtly  cli.splace(l 
to  tlie  ulnai'  side  aiul  fnrwanl. 

Dislocation  oj  thv  scajiJioid  is  usually 
forward  and  may  lie  of  the  bone  as  a 
whole,  in  which  case  it  is  apt  to  be  ro- 
tated to  a  right  angle  as  in  Fig.  32.  but 
more  fre<jueiitly  tlir  bone  is  fracturi'd 
and  one  fragment  is  ihsplaced. 

Dislocations  of  the  metacarpal  bones 
are  less  fretjuent  than  dislocations  of 
the  carpals  and  may  be  one  or  all  of 
them  forward  or,  which  is  more  com- 
mon, backward.  The  diagnosis  is  reai  i- 
ily  maile,  if  the  swelling  is  not  too  great, 
by  the  sharj)  prominence  at  the  carpo- 
metacarpal joint.  Complicating  fract- 
ure is  to  be  maile  out  by  the  ra(Uo- 
gi-aph  and  by  the  presence  of  bony 
crepitus.     Dislocation  of  the  hrst  metacarpal  is  more  conunon  than  dislocation 

of  tile  iitlier  metacarpals  because  of  the  greater    ex- 
posure to  trauma  and  its  greater  mobility. 

Treatment.  —  Reduction  is  to  be  effected  by 
traction  and  flexion  in  dorsal  dislocation  and  by 
dorsal  flexion  together  with  dii'ect  i)ressurc  if  the 
dislocation  is  volar.  Except  in  the  case  of  the 
fir.st  metacarpal,  little  disaliility  results  from  the  dis- 
location, though  there  is  considerable  deformity  of  the 
dorsum  of  the  hand.    (Fig.  34.) 

Dislocations  of  the  Fingers. —The  metacarpo 
phalangeal  and  interphalangeal  joints  are  allied  to  the 
arthrodial  joints,  liut,  as  in  the  case  of  the  wrist,  they 
permit  of  a  wide  range  of  flexion  and  extension 
and — at  least  in  the  metacarpo-phalangeal  joints — a 
smaller  tlegree  of  lateral  flexion.  In  the  metacarpo- 
phalangeal joints  there  is  very  little  rotation,  in 
Fig.  .34.— Deformity  Caused  f^^^'  t'"'  rotation  possiblc  in  thesc  joints  is  duc  sim- 
by  Dislocation  of  the  Metaear-     j,ly  to    laxity  of   ligaments:   it    is  uot  a  matter  of 

pus  Forward.  "  ,  "i      i    i      ^    ■         r  1       ■  i- 

muscular  control,  but  is  of  use  merely  in  a  negative 
way  as  a  safety  factor  in  preventing  injury.  The  interphalangeal  joints  permit 
of  almost  no  lateral  flexion  and  rotation. 

All  these  joints  present  an  important  anatomical  difference  from  the  pure 
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arthrdilial  juints  in  tliat  the  i-niiiidril  \n>\\f  of  llic  jdiiit  (ir  li;ill  is  on  tlic  proxinial 
side  and  tiic  ,ulcii(iid  or  socivct  is  on  tiic  distal,  by  wiiich  it  iiapii'-'ns  that  in  com- 
plete dislocation  tlic  laceration  of  the  capsule  is  on  the  side  op])osite  to  the 


displacement  ol' 

as  tlie  shoulder 


the  distal  hone,  (|uite  the  contrary  of  what  occurs  in  such  joints 
uid  hip.     In  otlici-  words,  in  dislocation  of  the  Hnjrer  joints  the 

extremityof  the  hone  on  the  proximal 
side,  and  not  on  the  distal,  passes 
throunh  the  rent  in  llie  capsule. 

The  lieads  of  the  metacarpal  bones 
are  flattened  laterally,  so  that  their 
an tero-posterior  diameters  are  greater 
than  the  lateral,  antl  the  radius  of 
curvature  is  correspondingly  greater. 
The  conca\-e  articular  surface  at  the 


Fig.  35. — Relations  of  the  Carpal  riialaiiges  in  a 
ComplicatMl  Dislocation  of  the  Thumb.  (After  Far- 
abeuf.)  The  sesamoid  bone  is  pushed  away  from 
its  natural  position  antl  is  interposed  between  the 
phalanges. 


base  of  each  one  of  the  ])halangcs  is  wider  laterally  than  that  of  the  corre- 
sponding head  of  metacarpal  or  j)halangeal,  furnishing  vantage  points  for  inser- 
tion of  strong  lateral  ligaments,  etc.,  limiting  the  degree  of  lateral  flexion  and 
rotation,  while  antero-posteriorly  the  l)ase  of  each  phalangeal  is  smaller  than  the 
cori-esponding  head,  thereby  permitting  a  large  range  of  flexion  (ninety  tlegrees 
or  more)  and  extension  and  some  degree  of  dorsal  flexion.  Imlividuals  differ 
greatly  in  the  mobility  of  these  joints. 

Any  of  the  metacarpo-phalangeal  or  interphalangeal  joints  may  l)e  di.slocated, 
but  because  of  its  greater  expo.sure  to  violence  and  its  limited  range  of  motion  the 


Fig.  36. — Simple  Complete  Dislocation  of  the  Thumb.  (After  Farabeuf.)  a,  Deformity  char- 
acterizing such  dislocation ;  b,  relations  of  the  bones.  The  arrows  show  the  directions  in  which  press- 
ure should  be  inatle  in  order  to  push  the  sesamoids  to  one  side. 

metacarpo-ijhalangeal  joint  of  the  thuml)  is  Ijy  far  the  most  frequently  dislocated. 
Nearly  five  per  cent  of  all  dislocations  arc  of  this  joint  (Hoffa). 

Dorsal,  volar,  radial,  and  ulnar  dislocations  of  the  first  metacarpal  joint  have 
been  described,  but  not  only  is  the  dorsal  dislocation  of  the  thumb  the  most  com- 
mon, but,  from  the  very  great  difficulty  met  with  in  its  rcnluction  in  many  ca.ses, 
it  is  of  by  far  the  greatest  surgical  importance. 

Dorsal  dislocaiioii  of  the  thumb   is  caused  by   excessive  extension  (dorsal 
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flexion!  and  may  be  partial  or  roniplete.  .Many  intlividuals,  especially  in  child- 
hooiKcanvoluntarih'hj-perextendthe  tlunnl),]iroducino; partial  dorsal  dislocation, 
which  they  rednce  l)v  active  flexion.  In  complete  dislocation  the  anterior  ])or- 
tion  of  the  capsule  is  torn  and  the  heail  of  the  metacarpal  protrutles  through  it. 
The  tendon  of  the  long  flexor  is  generally  displaced  to  th(>  inner  side,  so  that  the 
sesamoid  bones  lie  onthe  inner  side  of  the  joint,  an<l  the  inner  one  may  reach  the 
dorsum  of  the  metacarpal.  Primarily,  the  jihalanx  rests  roughly  at  right  angles 
to  the  metacarpal  bone,  with  its  articular  surface  in  contact  with  the  dorsal  sur- 
face of  the  latter.  Induced  flexion  (the  active  force  may  be  a  continuance  of 
the  original  force  effective  on  the  base  of  the  phalangeal,  together  with  the  resi.st- 
ance  of  the  long  flexor  applied  at  the  outer  extremity)  may  cause  the  shaft  of 
the  phalangeal  to  become  more  or  less  ]iarallel   to  tlie  metacar]>al,  or  )iartially 


Fig.  37. — Reduction  of  a  Complicated  Di.slocation  of  tlie  Thumb.      Firot  atejj;   traction  in  the 
axis  of  the  thumb,     (.\fter  Lejars.) 

flexed  and  in  contact  with  it  by  its  anterior  surface.     The  terminal  phalanx  of 
the  thumb  is  sharply  flexed  by  reason  of  the  tension  of  tlie  long  flexor. 

Treatment. — In  some  cases  which  may  lie  clas.setl  rather  as  exceptions,  re- 
duction is  readily  effected  by  hyperextending  the  phalangeal  till  it  is  at  right 
angles  to  the  metacarpal  and  then  flexing  it  after  pressing  it  forward  till  its  base 
passes  over  on  to  the  articular  surface  of  the  metacarpal.  In  other  cases  re- 
duction, exce])t  l)y  open  incision,  is  impossible.  Many  explanations  have  been 
ofi'ered  for  the  difficulty  of  reducing  this  dislocation,  and  the  sesamoid  bones 
have  borne  perhaps  more  than  their  share  of  blame.  It  has  been  shown  that 
the  rent  in  the  anterior  portion  of  the  capsule  is  apt  to  be  nearer  the  volar 
than  the  dorsal  end  of  the  articular  surface  of  the  metacarpal;  at  least  there 
is  generally  left  a  considerable  portion  of  anterior  capsule  attached  to  the 
distal  bone.  When  the  dislocation  is  complete  and  the  phalangeal  is  flexed  so 
as  to  lie  parallel  to  the  metacarpal,  this  portion  of  the  anterior  capsule  is 
carried  past  the  rounded  head  of  the  metacarpal  and,  fitting  closely  around  the 
neck  of  the  bone,  cannot  be  dislodged  even  though  very  great  force  be  applied. 
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It  has  been  found  tli;il  in  oprn  oiKTution,  if  tiiis  jjoilion  of  the  capsule  is  nicked, 
recUiction  is  readily  elTecled.  \'arimis  devices  for  effecting  reihictioii  might  be 
mentioned;  ^ucil  are,  for  example,  special  forcejis,  Leii's'  \e\cv,  etc. 

Since  the  phalanx  is  held  in  its  position  largely  by  tension  of  the  short 
flexors,  some  degi'ee  of  relaxation  may  be  seemed  by  Hexing  the  luetacarjial  into 
the  pahn  of  the  hand. 

In  case  of  serious  difficidty  in  I'eduction,  open  incision  is  certainly  jjreferable 
to  traction  with  inoi'dinate  fori'e,  for  the  latter  has  in  some  instances  done  great 
damage:   the  thumb  has  been  so  injui'ed  as  to  slough,  it  has  even  i>een  pulled  off 


x>^v ' 
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Fig.  3S. — Reduction  of  a  Complicated  Dislocation  of  tlie  Tliunib.      Second  step.    (After  Lejars.) 

with  its  tendons.  Stimson  has  suggested  that  section  of  that  portion  of  the 
anterior  cajisule  which  is  hooked  over  the  end  of  the  metacar[)al  may  be  made 
with  a  tenotome  sid)cutaneously.  In  open  arthrotomy,  incision  on  the  volar 
surface  is  advised. 

Dislocation  forward  is  nuich  less  connnon  and  is  generally  the  result  of  a 
dh-ect  blow  on  the  dorsal  surface;  simple  flexion  is  seldom  .sufficient  (Koenig), 
being  resisted  by  the  thenar  mass.  The  dislocation  is  often  more  or  less  to  the 
radial  or  to  the  idnar  side,  rather  than  purely  forward,  and  frequently  more 
or  less  lateral  flexion  results  because  of  the  roundness  of  the  volar  extremity  of 
the  head  of  the  metacarpal,  as  well  as  on  account  of  axial  rotation,  j^ronation,  or 
supination,  according  as  the  extensor  aponeurosis  is  displaced  to  tlie  radial  or  to 
the  ulnar  side.  The  base  of  the  phalangeal  is  prominent  in  the  jialni  and  the 
rounded  head  of  the  metacarpal  on  the  dorsum. 

As  a  rule  reduction  is  readily  effected  by  flexion,  traction,  antl  extension. 

Purely  lateral  dislocation  may  occur  with  laceration  of  the  lateral  ligaments 
of  the  opposite  side.  Reduction  is  to  be  made  liy  a  mana'uvre  similar  to  that 
used  in  reducing  dorsal  dislocation,  viz.,  sliding  the  phalangeal  ilownward  as 
far  as  possible  and  then  making  adiluction  or  abduction  as  the  case  may  be. 

After  reduction,  these  dislocations  may  be  retained  best  by  a  plaster-of- Paris 
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spica  of  the  thumb,  but  excellent  fixation  may  he  secaireil  by  strips  of  adhesive 
plaster  laid  on  as  in  tlie  turns  of  a  spira.  A  short  dorsal  splint  of  pasteboard, 
yucca,  or  thin  wood  will  give  additional  protection. 

The  interphalangeal  joints  pei'mit  of  less  lateral  Hcxiim  and  less  rotation  than 
the  metacarijo-phalangeal.     Functionally  they  are  purely  hinge  joint.?. 

Dislocations  of  any  of  these  joints  may  occur — l>ackward  as  the  result  of 
hyperextension,  forward  from  hypertlexion,  and  laterally.  The  diagnosis  in  in- 
dividual cases  is  evident  on  palpation,  and  reduction  is  readily  to  be  made,  in 
most  cases,  after  the  general  manner  already  described  for  the  reduction  of  dis- 


FiG.  39. — Reilviction  of  a  Complicated  Dislocation  of  tlu>  Tliumlj.     Third  step,      (.\fter  Lejars.) 

locations  of  somewhat  .similar  joints.  However,  occasionally  an  irreducible  dis- 
location will  be  met  with,  re<|uiring  arthi'otomy  or  even  resection. 

Dislocations  of  the  Hip. — The  hip  joint,  more  than  any  other  of  the  principal 
joints  of  the  body,  is  limited  in  its  motions  by  muscular  tension,  which  fact 
doubtless  greatly  le,ssens  the  frequency  of  dislocation  as  well  as  of  fracture.  ( )n 
the  cadaver  the  range  of  the  variou.s  motions  of  the  hij)  can  be  seen  to  be  con- 
siderably greater  when  the  muscles  arc  removed. 

When  one  considers  the  great  exposure  of  the  hip  joint  to  severe  force,  the 
weight  of  the  lower  limb,  the  \ery  long  jjower  ai-ni  of  the  lever  of  the  thigh,  and 
the  very  short  weight  arm  (head  and  isart  of  neck  of  the  fenmr),  one  is  struck 
with  the  singular  infrequency  of  dislocation  of  the  hip  joint.  It  is  difficult  to 
determine  the  actual  fre<iuency  relatively  to  the  total  number  of  dislocations,  for 
different  statistics  vary  all  the  way  from  two  to  twelve  per  cent.  Fi'om  the 
nature  of  the  injiwy  and  its  location  the  percentage  in  hospital  statistics  might 
be  expected  to  be  greater  than  in  tlispensary,  and  doubtless  a  much  larger  pro- 
portion of  dislocations  of  the  hip  are  reported  than  of  many  other  joints,  especially 
of  the  .small  joints. 

No  age  is  exempt  from  dislocation  of  the  hip,  but  the  greatc-^t  frequency 
would  seem  to  lie  in  middle  life  and  in  males.     Doubtle.'^s  the  fre(iuency  iu 
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yiHiii^-  cliililrcn  woulil  l>c  iiiucli  greater  if  tlicy  were  siihjcftod  to  the  saiiic  ti-aii- 
iiuitii^iii.s  as  adults.  In  old  afjc  dislocation  of  1lic  |ii|i  is  rare  because  of  the 
greater  fragility  of  the  hone,  the  relatively  deeper  acetabulnni,  ami  the  com- 
parative freedom  from  the  kind  of  injuries  which  commonly  jM-oduce  dislocation. 
.About  three-fourths  of  hip  dislocations  are  ]iosterior  to  the  vertical  plane 
passing  through  the  centre  of  the  acetabulum,  but  t!ieoccui-rence()f  these  second- 
ary positions  is  no  criterion  for  the  detei-mination  of  the  relati\'e  fre(iueMcy  of 
the  various  primary  displacements.  The  weight  of  the  leg  and  thigh  acting  with 
such  great  leverage  is  sufficient  alone  notably  to  change  the  position  of  the  head 
of  the  femur  after  it  passes  through  the  rent  in  the  capsule. 

Conii>aratively  few  cases  of  dislocation  of  the  hip  lia\'e  come  to  autopsy  in. 
such  wise  as  to  determine  the  ])ositif)n  of  the  rent  in  the  capsule  and  therein'  the 
jioint  of  the  rim  of  the  acetabulum  where  the  head  of  the  femur  ])assed  over. 
There  is  evidence,  however,  that  the  rent  in  the  capsule  may  be  at  almost  any 
point,  although  it  naturally  might  be  expected  to  avoid  the  region  of  great  thick- 
ening of  the  capsule  known  as  the  ilio-fenioral  Y-ligament  or  Bertin's  ligament. 
The  fact  that  this  band  is  rarely  torn  has  long  been  known,  but  to  Bigelow  is 
due  the  credit  of  demonstrating  its  importance  in  relation  to  dislocation,  in  the 
determination  of  secontlary  positions,  and  in  the  manoeuvres  looking  to  re- 
duction. The  thinnest  and  therefore  weakest  jjart  of  the  capsule  is  its  lower 
portion,  and  here  too  the  rim  of  the  acetabulum  is  absent.  The  opposite  or  upper 
and  posterior  portion  of  the  rim  of  the  acetaljulum,  being  highest,  most  readily 
offers  bony  resistanct'  and  in  certain  ])ositions  of  the  thigh  forms  a  fulcrum 
wherelw  the  head  of  the  femur  is  forced  out  through  the  lower  or  weaker  jiortion 
of  the  capsule. 

The  rent  in  the  capsule  may  be  of  various  forms,  from  a  simple  longitudinal 
slit  to  a  total  transverse  tearing  off  of  the  capsule  from  the  acetabular  rim  or 
from  the  neck  of  the  femur.  The  most  common  form  is  a  triangular  rent  with 
the  lower  portion  of  the  acetabidum  for  the  base,  and  the  neck  of  the  femur  for 
the  apex.  The  untorn  portions  of  the  capsule  are  not  likely  to  present  any  con- 
siderable resistance  to  reduction  in  recent  dislocations,  except  in  those  cases 
where  the  capsule  is  torn  completeh^  across  and  the  ])ortion  attached  to  the  os 
innominatum  is  folded  across  the  acetabulum.  From  the  manner  of  ])roduction 
of  such  rents  in  the  capsule  transverse  tears  are  nearly  always  near  the  edge 
of  the  acetabulum  and  therefore  not  likely  to  leave  fragments  long  enough  to 
fold  into  the  joint. 

Dislocation  of  the  hip  occurs  clinically  for  the  most  jjart  by  leverage,  in  the 
e.xaggeration  of  certain  normal  movements  of  the  joint,  in  which,  after  the 
resistance  of  the  opposing  muscles  is  overcome,  bony  contact  ensues  and  a  fulcrum 
is  developed.  Additional  movement  in  the  given  direction  then  lifts  the  head 
of  the  femur  out  of  the  acetabulum  and  forces  it  out  through  the  capsule  on 
the  opposite  side. 
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Of  tlio  simple  rotations  in  frontal  luul  lateral  planes,  flexion,  extension,  ail- 
(luction  anil  ahduetion,  the  last  is  the  only  one  in  which  a  bony  fulcrum  is  de- 
veloped, and  that  only  after  the  adductor  muscles  have  been  .stretcheil  or  torn. 
Flexion,  after  lieing  more  or  less  arrested  by  contact  of  the  thigh  with  tlie  abdo- 
men, mav  deveio]i  a  fulcrum  on  the  pubic  bone,  but  as  this  is  at  a  considerable 
distance  from  the  h(>ad  of  the  femur  and,  as  the  ]>()int  of  impact  n'ith  the  shaft  is 
external  tothe  joint,  there  is  caused  a  certain  degree  (if  rotation  inward,  therein' 
lessening  the  leverage  which  might  in-iiduce  dislocation.  Axial  rotations  much 
more  than  simple  flexions  bring  aljout  bony  contact  and  hence  plaj'an  important 
role  in  the  production  of  dislocations.  Especially  is  this  true  of  rotation  outward, 
because  the  plane  of  the  rim  of  the  acetabulum  "looks"  forward  as  well  as 
downward,  the  rim  being  higher  behind. 

In  difi'erent  positions  of  the  thigh,  in  thesense  of  flexion,  both  the  range  of  axial 
rotation  ami  the  points  of  arrest  vary.  For  example,  in  the  position  of  comi)lete 
extension  rotation  outward  is  limited  by  contact  of  the  posterior  {)ortion  of  the 
neck  of  tile  femvu'  with  the  rim  of  the  acet;d)ulum.  but  rotation  inward  is  limited 
simjily  by  tension  of  the  jxisterior  portions  of  the  capsule  (ischio-femoral  liga- 
ment). On  the  other  hand,  with  the  thigh  in  full  flexion,  rotation  outward  is 
limited  by  tension  of  the  upjier  and  posteiior  portions  of  the  capsule,  and  rotation 
iiuvanl  b}-  contact  of  tlie  anterior  i>ortion  of  the  neck  of  the  fenuu'  with  the  rim 
of  the  acetabulum.  Similai'ly,  with  adduction  no  bony  fiflcrum  is  tlevelopetl  as 
long  as  the  thigh  is  extended,  but  when  it  is  flexed  adduction  may  develop  a 
fulcrum  on  the  pubic  bone.  Thus,  witli  the  thigh  in  extension,  abduction  and 
rotation  outwai-d  favor  dislocation  forward  by  developing  a  fulcrum  posteriorly, 
while  ill  flexion  adduction  and  rotation  inward  favor  dislocation  downward 
or  backwai'd  for  the  same  reason. 

The  ftdcrum  may  sometimes  be  the  ilio-femoi-al  ligament,  as  when  the  flexed 
thigh  is  strongly  rotated  outward.  The  ligament  is  tightly  wrapped  aroiuid 
the  neck  of  the  femur  and  furni.shes  a  flxed  point  about  which  the  head  of  the 
femur  is  forced  ui)ward  and  ot.tward  through  the  ujjper  part  of  the  capsule. 

The  study  of  dislocations  of  the  fenuu-  has  been  retarded  by  the  difficulties 
met  with  in  ]>roducing  dislocations  on  the  cadaver.  Until  Allis  showed  that 
the  fault  lay  in  inefTective  fixation  of  the  pelvis  efforts  in  this  direction  had  failed, 
except  where  preceded  by  section  of  the  capsule.  Allis,  after  fixing  the  ])elvis, 
was  enabled  to  produce  dislocation  by  simjjle  abduction  and  by  other  manipu- 
lations, using  the  above  described  principles  of  leverage.  He  called  attention  to 
the  fact  that  the  forces  causing  dislocation  clinically  are  severe  and  generally 
sudden,  and  that  the  inertia  of  the  pelvis  and  re.st  of  the  trunk  furnishes  the 
relative  fixity  of  the  pelvis  in  the  iiroduction  of  traumatic  dislocations. 

Longitudinal  thrust  is  often  combined  with  exaggerated  movement  of  the 
hip  and,  notwithstanding  the  prominence  given  to  leverage  in  modern  theories, 
is  ]jrobably  not  infrequently  the  more  important  active  force  leading  to  dis- 
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location.  'J'liis  is  the  case  in  Falls  lorwai'd  on  the  Hexed  knee,  tlie  tliigh  Ix'iiig 
flexed  and  aildnrted.  I';\|iei-iinenls  on  llie  eadaver  (Aiiis)  show  tliat  dislocation 
of  the  hip  can  he  easily  produced  hy  making  a  loni:;itudinal  thrnst  on  the  flexed, 
adducted  and  inwardly  rotated  thif^h.  Allis  is  of  the  ojjinion  that  a  very  lari^e 
proportion  of  cases  of  backward  as  well  as  forward  ilislocations  are  produc(;(l 
secondarily  by  extension  of  the  thii^h  aft(>r  the  head  of  the  hone  has  been  forced 
out  of  the  acetabulum  thi-oui:li  the  cotyloid  notch  or  at  least  over  the  lower 
part  of  the  rim  of  the  acetabulum.  Certainly  the  success  of  the  common  manoeu- 
vres for  reducing  dislocations  tends  strongly  to  establish  this  idea  as  fact. 

Direct  violence  applied  to  the  trochanter  doubtless  accounts  for  some  ex- 
ceptional cases  and  is  particularly  eft'ecti\'e  when  the  blow  is  fi'om  above  or  behind 
and  tlie  thigh  is  abducted,  for  then  there  is  little  resistance  to  the  pas.sage  of  the 
head  of  the  femur  out  through  the  cotyloid  notch  or  oA-er  the  lower  portion  of 
the  acetabular  rim. 

Dislocations  of  the  hi]>  are  always  severe  injuries  the  result  of  great  force, 
and,  since  this  may  not  all  be  expended  in  rupture  of  the  capsule,  much  damage 
may  lie  done  the  neighboring  structures.  The  ligainentuni  teres  is  practically 
alwaj's  torn  ajiart,  and  the  fibro-cartilaginous  i-im  may  be  torn  ofi  more  or  less 
completely.  The  obturator  muscles,  gemelli,  and  pyriformis  are  fre(iuently  torn. 
When  these  muscles  are  not  torn  the  stronger  ones  i)lay  an  important  role  in 
determining  the  position  of  the  limb.  Bigelow  considered  especially  the  obtura- 
tor intcrnus  in  this  regard,  as  its  outer  ])ortion  is  largely  tendinous  and  very 
strong.  The  head  of  the  femur  may  escape  "below  the  tendon"  and  be  forced 
up  behind  it.  If  at  the  same  time  the  leg  happens  to  be  extended,  making  tense 
the  hamstring  muscles,  the  head  of  the  fenun-  is  forced  backwanl,  causing  the 
sciatic  nerve  to  be  bent  sharjily  about  the  neck  of  the  femur.  If  the  thigh  is  then 
adductetl  and  brought  down,  perhaiis  with  some  outward  rotation,  producing  a 
reversed  dorsal  dislocation,  the  head  of  the  bone  may  pass  upward  behind 
the  sciatic  nerve.  The  verj'  ojiposite  complication  may  arise  and  is  likel_y  to  be 
the  more  common  when,  in  a  dorsal  dislocation,  the  head  of  the  femur  is  brought 
down,  perhaps  in  the  manipulation  of  reduction,  and  made  to  pass  from  behind 
forward  around  and  beneath  the  sciatic  nerve.  This  occurred  in  a  case  seen  by 
Koons,  of  Philadelphia, and  ([uoted  by  Allis.  In  a  case  in  the  practice  of  thewriter, 
a  powerful  young  man  had  been  swept  many  times  around  a  rapidly  revolving 
shaft,  his  whole  body  passing  through  a  space  of  nine  inches.  He  sustained  a 
dislocation  of  the  right  hip,  dislocation  of  both  knees,  and  fracture  of  one  tibia. 
The  right  sciatic  nerve  was  paralyzed  as  well  as  the  left  jjeroneal.  Reduction  was 
made  without  difficulty  by  Kocher's  method,  the  head  of  the  bone  slipping  into 
the  acetabulum,  but  the  thigh  could  not  be  extended  beyond  the  position  of 
one  hundred  and  thirty-five  degrees  (forty-five  degrees  of  flexion).  The  obstruc- 
tion was  probably  the  sciatic  nerve,  for,  after  reluxating  and  making  flexion,  ad- 
duction, and  then  external  rotation,  no  difficulty  was  experienced  in  reducing 
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the  dislocation  a  second  time  by  the  manipulation  of  Kocher,  and  tliis  time 
tliere  was  no  imi)eihment  to  extension.  At  [present,  one  year  after  date  of  tlie  ac- 
cident, tliere  is  still  nearl}'  complete  sciatic  paralysis. 

In  machinery  accidents  where  movements  of  circumduction  have  taken  place, 
the  capsule  may  be  wrapped  around  the  neck  of  the  femur  oi-  it  may  be  torn 
completely  off.  Similarly,  the  sciatic  nei've  may  be  wrapi^ed  around  the  neck  of 
the  femur  or  be  crushed  or  torn  in  loco  or  within  the  pelvis,  and  may  be  se- 
verely crushed  by  being  pinched  between  the  head  of  the  femur  and  the  eilge 
of  the  sacrum  in  ischiatic  dislocation. 

In  a  few  cases  (9,  Stimson)  dislocation  of  the  hip  has  been  compound. 
They  were  all  cases  of  great  violence,  about  evenly  di\'id(>d  l)etween  forward  dis- 
locations ami  backward  dislocations,  several  of  them  the  result  of  direct  vio- 
lence. Seven  of  the  nine  died,  five  as  a  result  of  associated  injuries,  two  of 
sepsis.  In  several  the  head  of  the  femur  was  excised,  but  in  recent  cases  Stim- 
son is  inclined  to  think  the  removal  of  the  head  unnecessary. 

Many  classifications  of  dislocations  of  the  hip  have  been  suggested ;  some 
consider  only  the  position  of  rest  of  the  femur  while  others  take  into  account  the 
position  of  the  rent  in  the  capsule.  The  classifications  of  several  authorities  are 
given  ijelow: — 


BiGELOW. 

1,  Dorsal  high. 

2,  Dorsal  below  the  tendon. 

3,  Thyroid. 

4,  Pubic  .ind  subspinous. 

5,  .\ntcri(ir  oblique. 

6,  Svipraspinous. 

7,  Everted  dorsal. 

Allis. 

1,  ThjToid  or  inward. 

a,  low. 
6,  middle. 

c,  high. 

d,  reversed. 

2,  Dorsal  or  outward. 

a,  low. 

b,  high. 

c,  reversed. 


KoENir.  AND  LOSSEN. 

1,  Bacl;waril  (iliac  and  ischiatic'). 

2,  Forward  (suprapubic  and  infrapubic). 

3,  .Supracotyloid. 

4,  Infracotyloid. 


Stimson. 

\   d      -s    1       -*    ''''^''' 

Backward  ....-'  °  ^"       I  ischiatic. 

(  everted  dorsal. 

T^  1        •  ■  1   ^  obturator. 

Downward  ana  inward  - 

/  1-iernical. 

1  ilio-pectineal. 
Forward  and  u|)ward  (suprapubic)  -  pubic. 

(  intrapelvic. 
Upward  (s\ipracotyloid  or  subspinous). 
Downward  on  tubcrositv  of  ischiimi. 


It  would  seem  that  the  classification  of  Allis  has  some  advantages,  at  least 
as  regards  simplicity  and  because  the  primary  divisions  are  determined  by  a 
natural  distinction  between  the  anterior  or  inner  and  the  posterior  or  outer 
surfaces  of  the  os  innominatum,  which  are,  roughly  speaking,  planes  intersecting 
on  the  line  passing  through  the  anterior  superior  spine  of  the  ilium  and  the  centre 
of  the  acetabukun.  The  purely  uinvanl  and  downward  dislocations  are  omitted 
from  .\llis's  classification.     If  the  head  of  the  fenuu-  comes  to  rest  on  the  line 
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joining  the  anterior  .superior  spine  of  Uie  ilium  witii  tlic  centre  of  tlie  acctaluiiuni 
above  or  below,  it  is  in  more  or  less  unstable  e(|uilibrium  and  may  be  displaced 
by  slif;;lit  rotary  force.  Practically  all  the  cases  can  be  described,  so  far  as  any 
clinical  |)Ui'|)ose  is  concei-ned,  as  high  or  low  foi-ward  or  l)ackward  dislocations, 
more  particularly  .so  when  by  this  means  can  be  indicated,  more  or  le.ss  accu- 
rately, the  relation  in  the  ])rimary  positions.  It  is  im])ortant,  with  reference  to 
means  of  reduction,  bt  note  (hat  a  primaiy  foi'ward  dislocation  may  be  trans- 
formed into  a  backward,  and   rice  rcr.sff. 

By  "reversed  dorsal"  ilislocation  Allis  would  designate  Bigelow's  "everted 
dorsal"  and  by  "reversed  thyroid"  a  foi'ward  dislocation  which  has  undergone 
so  great  a  degree  of  rotation  outwaid  that  the  head  of  the  femur  has  passed  up- 
ward over  the  jiubic  bone  and  lies  anywhere  fi'oni  the  inguinal  region  to  the 
dorsum  of  the  ilium. 

Dislocations  B.\ckwakd. — Dislocations  of  the  femur  backward  are  most 
often  the  result  of  flexion  and  adduction  with  more  or  less  rotation  inward,  per- 
haps with  added  thrust.  The  point  of  laceration  of  the  cai)sule  depends  some- 
what on  the  degree  of  flexion;  thi'  more  complete  the  flexion  the  lowei'  the  rent. 
Witli  maxinunn  flexion  the  head  of  the  bone  is  apt  to  i)ass  into  the  sciatic  notch. 

The  total  range  of  i^ositions  which  the  head 
of  the  femur  may  occupy  is  less  than  is  com- 
monly supposed,  being  only  from  about  the 
level  of  the  spine  of  the  ischium  to  near  the 
summit  of  the  great  sciatic  notch. 

The  characteristic  defomiity  of  rotation 
inward  is  dcj^endent  on  the  persistence  of  the 
outer  portion  of  the  ilio-femoral  ligament. 
If  this  is  torn  the  rotation  inward  disa))pears. 
The  thigh  is  held  in  elastic  tension,  is  ad- 
ductetl  and  more  or  less  flexed,  the  ball  of 
the  foot  commonly  resting  on  the  dorsum  of 
the  opposite  foot.  The  lower  the  position 
of  the  head  of  the  femur  the  greater  the  de- 
gree of  flexion  and  the  more  marked  the 
adduction,  until,  when  the  head  rests  on  the 
ascending  ramus  of  the  ischium  (infracotyloi- 
dcan  luxation),  there  is  more  or  less  abduc- 
tion. The  movements  permitted  are  further  flexion  aiul  adduction,  but  other 
motions  are  resisted. 

Except  in  very  low  positions  of  the  fenuu'  there  is  shortening,  which  in  exag- 
gerated cases  ma}'  amount  to  as  much  as  4  or  5  cm.  (if  or  2  in.).  The  degree  of 
shortening  is  difficult  to  estimate  because  of  the  adduction  and  flexion  defor- 
mity, but  for  purposes  of  diagnosis  is  not  of  great  importance.     The  trochan- 


FiG.  40. — Dislocation  of  the  Head  of 
the  Femur  on  to  tlie  Ilium.  (After 
Ilelfericli.) 


DISLOCATIONS. 


77 


ter  lies  above  Nelaton's  line,  but  because  of  the  obliquity  of  this  line  the  rotation 
inward  lessens  the  height  of  the  troeiianter  above  it. 

In  not  too  fat  subjects  the  head  of  the  femur  can  be  felt  beneath  the  gluteal 
muscles,  especially  if  the  thigh  be  rotated  back  and  forth, 
and  its  absence  from  the  joint  is  manifested  by  lessened 
resistance  to  deep  presssure  in  the  groin  as  compared  with 
the  sound  siile. 

In  ischiatic  luxations  rotation  inward  is  perhaps  less 
markeil  than  in  iliac.  The  head  of  the  femur  is  more 
difficult  to  be  felt  and  the  trochanter  is  little  if  at  all 
above  Nelaton's  line.  Flexion  is  greater  and  adduction 
generally  so,  but  rotation  inward  is  apt  to  be  less  marked 
than  in  iliac  dislocations. 

In  the  "reversetl  dorsal"  eli.slocations  the  outer  por- 
tion of  the  ilio-femoral  ligament  is  quite  sure  to  be  torn, 
after  which  eversion  may  take  place  with  little  resistance. 
The  head  of  the  femur  may  lie  as  far  forward  as  the  an- 
terior border  of  the  ilium  (subspinous  dislocation),  or 
even  farther  forward  and  higher  (anterior  oblique  dislo- 
cation). 

The  symptoms  may  differ  from  those  of  the  typical 
iliac  dislocation  only  in  the  greater  or  less  degree  of  ro- 
tation outward  that  may  be  present,  but  the  head  of  the 
femur  may  })ass  far  enough  forward  for  the  thigh  to 

be  extended  and  even 
somewhat      abducted. 

In  the  latter  case  shortening  is  much  more 
eviilent. 

In  a  case  of  infracotyloidean  dislocation 
reported  by  Wendel  {Dent.  Ztsrhr.  /.  Chir., 
LXXXI.)  the  head  of  the  fenuu-  came  to 
rest  on  the  flat  surface  of  the  ischium  just 
beneath  the  acetabulum,  the  diagnosis  being 
verified  by  radiographs.  The  thigh  was  flexed 
forty-five  degrees,  abduct eil,  and  held  in  elas- 
tic tension  midway  between  rotation  out- 
ward and  rotation  inward.  Wendel  was 
able  to  collect  fourteen  similar  cases  from  the 
literature. 

Treo/wen/.— Perhaps  in  the  reduction  of  dislocation  of  the  hip,  more  than  in 
that  of  other  joints,  the  advantages  of  general  anesthesia  are  manifest.  Here  the 
weight  of  the  limb,  the  great  power  of  the  muscles,  the  tension  of  untom  portions 


Fig.  41.  —  Dislocation 
of  the  Head  of  tlie  Femur 
on  to  the  Ilium.  Position 
maintained  by  the  affect- 
ed limb  when  the  patient 
is  in  a  standing  posture. 
(.■Uter  Helferich.) 


Fig.  42, — Dislocation  of  the  Head  of 
the  Femur  on  to  the  Ischium.  (After 
Helfericli.) 
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of  the  capsule,  the  iiiflamiiiation  and  pain  consequent  on  tlie  sevei-ity  of  the  ui- 
jury,  all  tend  to  make  the  operation  of  rcthietion  a  painful  one.  Involuntary 
as  well  as  voluntai y  contraction  of  tlic  muscles  is  inevitable  and  adds  greatly 
to  tiic  difliculty  i>f  rc(hiction. 

Some  dislocations,  especially  in  children,  can  be  reduced  by  longitudinal  trac- 
tion in  moderate  abduction,  with  manual  lifting  of  the  head  of  the  femur  over  the 

rim  of  the  acetabulum.  But,  as  said  above,  sur- 
gery owes  to  liigelow,  of  Boston,  the  princi])le  of 
utilizing  the  untorn  portion  of  the  capsule  as  a 
fulcrum  in  the  reduction  of  dislocation  of  the  hip. 
From  the  nature  of  the  case  the  portion  of  the 
capsule  which  is  least  fre(|ueiitly  t<irn  is  the  ilio- 
femoral ligament.  Bigelow  i-educcd  backward  dis- 
locations of  the  hip  by  a  process  of  circumduc- 
tion, the  flexed  knee  being  forced  in  a  direction 
opposite  to  that  desired  for  the  head  of  the  femur; 
/.('.,  the  leg  being  flexed  to  a  right  angle  to  relax 
the  hamstring  muscles  and  to  furnish  an  effective 
lever  Ijy  which  the  thigh  can  be  controlled,  partic- 
ularly in  the  matter  of  rotation,  and  grasped  at 
ankle  and  u{)per  calf,  the  thigh  is  flexed,  rotated  in- 
ward, and  adducted  and  then  circumducted  inward, 
upward,  and  outward,  the  rotation  inward  being  maintained.  "When  by  this 
means  the  head  of  the  femur  is  brought  down  to  approximately  the  point  where 
it  passed  over  the  rim  of  the  acetabulum,  the  thigh  is  rotated  outward  and  ex- 
tended. The  ilio-femoral  ligament  is  thereby  made  tense  and  great  power  is 
developed,  tending  to  force  the  head  of  the  femur  upward  over  the  rim  of  the 
acetabulum,  which  may  be  materially  aided  by  an  upward  jerk  of  the  bone, 
the  pelvis  of  cour.se  being  fixed.  In  the  manipulations  for  reducing  a  disloca- 
tion of  the  hi])  it  is  well  to  remember  that  the  inner  aspect  of  the  knee  looks" 
substantially  in  the  sanu^  direction  as  the  head  of  the  femiu-.  The  rule,  as  more 
often  laid  down,  is  as  follows: — Flex  the  leg  on  the  thigh  and  the  thigh  on  the 
pelvis  to  a  right  angle,  maintaining  the  present  rotation  inward  and  abduction; 
raise  the  limb  quickly  upward,  and  then,  if  need  be,  employ  al)duction,  outward 
rotation,  and  extension.  When  the  limb  is  raised  upward,  i-rduction  may  en.sue, 
especially  if  a  beginning  has  been  made  to  abduct  the  limb  anil  to  rotate  it  out- 
ward. If  reduction  does  not  follow,  it  is  better  to  try  again  in  the  same  manner, 
but  with  increased  force,  than  to  push  the  extension  of  the  limb  any  farther: 
but,  if  reduction  take  place,  then  the  limb,  rotated  outward,  should  be  carried 
to  the  side  of  its  fellow. 

Bigelow's  method  of  reducing  backwai'd  dislocations  of  the  hip  has  become 
classical,  but  it  is  still  open  to  objections.     One  objection  on  mechanical  grounds 


Fig.  43.— Dislocation  of  th.' 
Head  of  tlie  Femur  on  fo  the 
Iscliiuni.  Position  maintained  by 
the  affected  limb,  wlien  the  patient 
is  in  the  recumbent  posture. 
(After  Helferich.) 


DISLOCATIONS. 


79 


is  that  sufficient  force  has  to  l)e  (It-veltjjjeil,  l)y  tlie  rotation  outward  antl  exten- 
sion, to  force  the  head  of  the  femur  uj)  an  inclined  plane,  the  line  of  trac- 
tion on  the  fulcnun  (tlie  ilio-fcnioral  lijijament)  lying  nearly  at  right  angles  to 
this  plane.  Furthermore,  with  the  patient  l3'ing  on  his  back,  the  force  rei|uir('(l 
is  still  greater  in  order  to  overcome  the  weight  of  the  liml). 

More  modern  methods  (Kocher,  Allis")  endeavor,  hy  seeking  a  favorable^  ])osi- 
tion  of  the  limb,  to  relax  all  the  structures  about  the  hip,  and  by  traction  in  the 
axis  of  the  thigh  to  overcome  its  weight. 

The  patient  is  jilaced  on  a  low  table  or,  pi'eferably,  directly  on  the  floor,  and  the 
pelvisis  fixetl  by  the  hands  of  assistants  or  (.\Ilis)  by  bandages  or  swathes  threaded 
through  hooks  screwed  into  the  floor 
and  passed  around  the  {)elvis.  The 
thigh  is  then  flexed,  more  or  less  ad- 
ducted,  and  rotated  inward  to  relax 
the  capsule  and  the  muscles,  and 
traction  is  made  forward,  i.e.,  direct- 
ly upward  from  the  floor.  At  this 
time  traction  downward  and  out- 
ward is  of  aid  and  may  be  made  by 
an  assistant  pulling  on  a  swathe 
pas.seil  about  the  upper  part  of  the 
thigh.  Tlie  degree  of  adduction, 
flexion,  and  rotation  inAvard  neces- 
sary will  vary  with  individual  cases 
according  to  the  site  and  extent  of 
the  rent  in  the  capsule,  and  a  little 
careful  stutly  and  search  for  the  rent 
without  the  use  of  much  force  will 
be  well  rewarded. 

Stimson  places  the  patient  face 
downward  on  a  table  with  the  in- 
jured thigh  hanging  off  the  end; 
flexes  the  leg  to  a  right  angle,  where 
it  is  held  until  muscular  relaxation  ensues,  wlien  the  head  of  the  bone,  with- 
out special  aid  other  than  that  of  slight  rocking  and  rotation,  goes  hito  place. 
It  may  be  necessary,  however,  to  supplement  the  weight  of  the  limb  by  that 
of  a  small  sand  bag  placed  at  the  knee  or  by  dowiiward  pressure  suddenly  ap- 
plied at  the  same  place.  Aniesthesia  may  not  be  required.  Stim.son  has 
practised  this  method  "for  many  years"  with  gratifying  success.     (Fig.  44.) 

After  reduction  the  patient  should  be  kept  in  bed  for  two  weeks  or  longer. 
If  there  is  a  manifest  tendency  to  recurrence  it  should  be  combated  by  abduc- 
tion and  rotation  outward,  or  perhaps   l)etter  by  fixation   in  a  plaster-of-Paris 
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Fig.  45. — Dislocation  of  tlie  Iloud  of 
the  Femur  on  to  tlie  Pubes.  (After 
Helferich.) 


spica.     11'  tlicrc  is  fVactui-c  of  the  iipix-r  poilioii  of  tlif  rim  of  the  acelubulum, 
traction  should  he  cinploycil  foi'  sonic  weeks. 

DlSLOC.VTioxs  FoHW.MU). — From  rxpciimcnts  on  tlie  cadaver  and  clinical  ob- 
servation, dislocation  forward  is  ajjparently 
caused  by  excessive  abduction  in  either  flexion 
or  extension,  or  by  a  blow  from  above  and  be- 
liiiid  when  the  thifili  is  in  abduction.  It  is 
about  onc-thii'd  as  fr(M|uent  as  dislocation 
backward.  In  low  anterior  position  of  the 
head  of  the  femur  (luxatio  obturatoria)  the 
latter  lies  beneath  the  adductors  and  obtura- 
tor externus  and  the  trochanter  nt'atiy  in  the 
acetabulum.  The  limb  is  held  in  elastic  tension 
liy  the  spastic  adductor  muscles  and  the  upper 
untorn  parts  of  the  capsule,  especially  the 
ilio-fenioral  ligament.  Bigelow  showed  that  the 
rotation  outward  is  large- 
ly determined  by  the 
persistence  of  the  inner 
portion -of  the  ilio-femoral 
ligament.  The  thigh  is 
flexed,  abducted,  and  rotated  outwanl.  There  is  nearly 
always  more  or  less  shortening ;  though,  as  in  dislocations 
backward,  this  is  difficult  to  estimate  accurate^  because  of 
the  difficulty  of  putting  the  two  thighs  into  symmetrical 
po,sitions;  but,  when  they  are  thus  placed,  ai)i)arent  length- 
ening may  be  found. 

Since  the  length  of  a  lower  limb  is  measured  from  the 
anterior  superior  spine  of  the  ilium  to  the  inner  malleolus, 
or,  perhaps  better,  in  the  measurement  of  the  femur  to  the 
adductor  tubercle,  it  will  be  lessened  by  any  movement  of 
the  femur  upward  in  the  plane  passing  through  the  three 
points — the  anterior  superior  spine,  the  head  of  the  femur, 
and  the  adductor  tuliercle,  because  thereby  the  aiigle 
between  the  axis  of  the  femui-  and  the  line  joining  the 
head  of  the  femur  with  the  anterior  superior  spine  is  made 
less  obtuse.  The  opposite  movement  will  cause  lengthen- 
ing. AVhen  the  head  of  the  femur  is  in  the  acetabulum 
the  plane  mentioned  is  slightly  oblique,  being  tilted  out- 
ward, from  which  it  follows  that  maximum  shortening  is  produced  by  flexion 
with  slight  abduction.  If  the  head  of  the  femur  be  on  the  dorsum  of  the  ilium 
this  plane  is  very  oblique,  or  even   rotated  ninety  degrees,   in  which  position 


Fig.  46. — Dislocation 
of  tlie  Head  of  the  Fe- 
mur on  to  the  Pube.s. 
Position  maintained  by 
the  affected  limb  when 
the  patient  is  in  a  stand- 
ing posture.  (After 
Helferich.) 
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Fig.  47. — Dislocation  of  the  Head  of  tlit- 
Femur  into  the  Obturator  Foramen, 
(After  Helferich.) 


shortening  i.s  very  marked.  If  the  heail  be  below  and  in  front  of  the  acetabnhun 
as  in  thyroid  dislocations,  this  plane  is  much  more  inclinctl  outward,  hence  the 
maximum  shortening  will  be  found  in  flexion  and  aliduction.  Since  this  is  the 
precise  position  of  the  thigh  in  thyroid  dislocations,  there  is  invariably  short- 
ening of  the  liiiil)  in  all  these  dislocations. 
Adduction  of  th(>  soimd  limb,  however,  so 
far  com|)ensates  for  the  abduction  of  the 
dislocated  limb  as  to  make  the  two  parallel, 
rendering  evident  thereby  an  apparent 
lengthening  of  the  dislocated  limb.  This 
apparent  lengthening,  however,  is  less  than 
would  occur  in  a  normal  individual  with  the 
same  degree  of  abduction. 

The  head  of  the  ft'inur  lying  beneath  the 
adductor  muscles  and  being  further  resisted 
]>y  the  obturator  membrane  together  with 
the  ramus  of  the  pubic  bone  in  "low  thy- 
roid" dislocations,  the  weight-bearing  func- 
tion is  retained  and  the  patient  can  walk 
very  much  better  than  is  possible  in  other 
dislocations  of  the  hip. 
In  high  forward  dislocations  the  head  of  the  femur  finds  less  rigid  resistance 
to  upward  thrust,  and  the  ability  of  the  i)ati('nt  tn  walk  is  correspondingly  less. 
The  thigh  is  relatively  more  movable  and  lies  in  lessening  degrees  of  flexion  and 
abduction,  the  higher  the  head.  Rotation  outward  is  always  marked,  and  the 
head  of  the  femur  can  be  felt  or  cvon  be  located  bj'  the  eye  by  the  bulging  in  the 
groin.  In  a  few  cases  the  head  of  the 
femur  ha?  been  known  to  slij)  beneath 
Poupart's  ligament  or  tear  it  across  and 
become  hooked  over  the  horizontal 
ramus  of  the  pubic  bone  (intrapelvic 
dislocation ).  In  this  form  of  dislocation 
the  thigh  is  extended,  but  is  neither 
markedly  alxluctetl  nor  everted.  The 
laceration  of  the  capsule  must  be  ex- 
treme to  permit  of  such  position  of 
the  head  of  the  femur,  antl  the  posi- 
tion of  the  limb  in  the  sense  of  rotation 
will  be  determined  in  particular  cases  by  the  portions  of  the  capsule  which 
remain  intact. 

In  reversed  thyroid  dislocation  the  eversion  may  be  so  great  that  the  foot 
points  backward.    As  can  be  readily  understood,  the  ilio-f(>inoral  ligament  simply 
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Fig.  48. — Dislocation  of  the  Head  of  the  Fe- 
mur into  tile  Obturator  Foramen.  Position 
maintained  by  the  affected  limb  wlien  tlie  patient 
is  in  the  recuml:)ent  posture,      (.\fter  Helferich. ) 
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serves  to  kcc])  tlic  anterior  portions  of  tlicnccis;  ol'  tiir  I'cniin'  at  a  constant  distance 
iVoni  the  ])cl\'ic  attaciuncnt  of  the  iifianicnt.  Tlii'  tlii,nli,  hcin^  witiioui  other 
restraint,  in  this  chslocation,  is  susceptible  of  a  wide  range  of  mobility. 

In  a  few  rare  cases  occurring  with  a  high  degree  of  flexion  and  prol)al)ly  also 
with  forcible  longitudinal  thi'ust,  the  h(>ad  of  the  fenuir  passes  internally  to  im- 
]iiiige  upon  the  ascending  ramus  of  th<'  pubic  bone  or  sli|)s  ()\-ei'  it  intn  tlie  ]ieri- 
neum.  Perineal  (hslocation  is  accom])anied  with  gi'eat  laceration  of  the  capsule 
and  is  to  be  looked  upon  as  an  exaggeration  of  a  low  thyroid  or  obturator  dis- 
location. It  is  somewhat  comparal)le  to  luxatio  erecta  in  the  shoukk'r.  The 
thigh  is  strongly  flexed  and  abducted.  'I'lie  head  <if  the  femur  can  be  felt  in  the 
perineum.  i\Iost  of  the  cases  of  compound  dislocation  of  the  fii])  are  of  this 
variety. 

Treatment. — In  general,  f(M'ward  (thyroid)  dislocations  of  the  liij}  are  to  be 
reduced  by  a  manipulation  very  much  the  opposite  of  that  used  in  backward 
dislocations.  The  thigh  is  flexed  toward  a  iierjiendicular  and  abducted  a  little 
so  as  to  free  the  head  of  the  bone;  it  is  then  rotated  strongly  inward  and  after- 
ward adducted,  and  the  knee  is  carried  to  the  floor.  fBigelow.)  If,  after  the 
preceding  adduction,  the  limb  be  rotated  outward  and  immediately  afterward 
circumducted  outward,  uj)ward,  and  inward,  then  by  extension  and  rotation 
inward  reduction  should  be  effected.  Or  the  rule  may  bc^  briefly  stated  as 
follows: — Flex  the  leg  on  the  thigh  and  the  thigh  on  the  })elvis  to  a  right  angle, 
continuing  the  present  ahchiction  and  outward  rotation;  make  upward  traction 
on  the  flexed  limb  and  then  afterwanl  resort  to  abduction,  outward  rotation, 
and  extension  of  the  limb.  As  in  liackward  dislocations,  the  particular  ])Osition 
of  the  rent  in  the  capsule  is  of  practical  importance,  and  painstaking  search  should 
be  made  to  determine  it.  Care  should  be  exercised  not  to  carry  out  the  above 
manipulation  so  literally  as  to  force  the  head  of  the  femur  below  and  around  the 
acetabulum,  l)y  which  the  forward  dislocation  will  be  transformed  into  a  back- 
ward. '\\  hen  tlie  head  of  the  fennu'  has  l:)een  gotten  into  the  ])Osition  in  which  it 
left  the  acetabulum,  traction  may  be  made  in  the  direction  of  the  shaft  of  the  fe- 
mur and  also  outward  and  downward  by  a  narrow  swathe  jjassed  around  the 
upper  i)art  of  the  flexed,  abductetl,  and  outwardly  rotated  thigh,  bj^  which  the 
head  may  be  lifted  over  the  acetabular  rim. 

Allis,  after  fixing  the  pelvis  to  the  floor,  pulls  the  head  of  the  femur  outward 
above  the  acetabulum,  fixes  the  head,  jiushes  the  knee  of  the  injured  side  toward 
the  sound  one,  and  extends  the  femur. 

Kocher  flexes  the  thigh  to  a  right  angle  with  the  ])elvis,  maintaining  the 
abduction  and  out^\■al■d  rotation  as  found;  after  which  he  makes  upward  trac- 
tion and   then  inward  I'otation,  thus  bringing  the  head  of  the  bone  into  place. 

If  the  rent  in  the  capsule  is  high,  as  in  ilio-pubic  dislocation  (Busch),  inward 
rotation  of  the  flexed  thigh  and  outward  lateral  traction  followed  by  adduction 
most  nearly  meet  the  indications. 
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Iiulividual  capos  reiiuire  special  investigation  to  determine  the  primary  posi- 
tion of  the  head  of  tl"c  femur,  for  tlie  successful  manipulation  of  reduction  depends 
more  on  that  than  on  the  more  varied  secontlary  positions. 

Othei'  foi'ms  characterized  liy  upward  and  forward  and  inward  and  hirward 
displacement,  especially  the  ileo-]je('tineal,  pubic  and  intrapehic  kinds,  can  be 
reduced  by  various  atypical  manipulations:  steady  lonijitudinal  and  lateral  or 
downward  ti'action  on  the  thigh  as  it  is  brought  from  a  jiosition  of  extension 
and  abductiiin  to  one  of  flexion  and  adiluctinn  will  meet  the  indications  in 
some  cases:  moderate  flexion,  atlduction,  and  traction  downward  will  succeed 
in  others. 

Treatment. — The  following  is  substantially  Kocher's  method  of  practice: 
.Make  longitudinal  traction  of  tlie  linili  as  it  is  fuund,  to  liring  the  head  of  the 
femur  below  the  brim  of  the  ]ielvis — this  traction,  if  it  fails,  to  be  aided  by  in- 
creased extension,  alnluction,  and  outward  rotation,  thus  rendering  ten.se  the 
posterior  portion  of  the  capsule  and  at  the  same  time  making  its  point  of  at- 
tachment the  centre  foi  the  motions  which  should  next  be  carried  out.  Place 
the  hand  upon  the  head  of  the  h'lnur  to  prc\ent  its  return  U]>ward  as  the  thigh 
is  flexed  to  less  than  a  right  angle  to  relax  the  Y-ligament.  (Further  flexion 
would  bring  undue  strain  on  the  ))ost(>rior  i>art  of  the  cajisule.)  Sometimes 
reduction  is  thus  effected,  but  rotation  outward  may  he  needed  to  secure  the 
desii-c-d  result. 

Old  Unreduced  Dislocations. — It  is  not  ])o.s.sible  to  lay  down  rules  of  very 
wide  application  in  the  treatment  of  old  unreduced  dislocations  of  the  hip,  for 
the  vai-iations  of  conditions  presented  by  different  casesare  so  great  as  to  reriuire 
that  the  indications  for  treatment  b(>  worked  ciut  for  each  case  imrn'idually.  In 
many  cases  a  sort  of  new  joint  is  eventually  foi'uied,  especially  in  iliac  dislocations, 
which  gives  a  considerable  range  of  motion  with  fair  support.  At  the  oppo- 
site extreme  is  complete  Ixmy  ankylosis  which,  in  case  the  position  is  not  too 
bad,  will  give  such  useful  supporting  function  as  to  contra-indicate  operative 
treatment. 

From  the  nature  of  the  case  the  means  required  for  reducing  an  old  disloca- 
tion of  the  hip  nuist  be  severe,  and  reduction  is  not  to  be  undertaken  unless  well 
warrantetl  by  the  suffering  of  the  patient.  The  great  force  necessary  for  over- 
coming the  shortening  of  the  nuiscles,  fascias,  and  ligaments,  for  t(^aring  apart 
the  healed  rent  in  the  capsule,  which  is  apt  to  have  contracted  about  the  neck 
of  th(>  femur,  and  for  breaking  up  old  adhesions,  is  likely  to  do  great  damage. 
Vessels  may  be  torn  or  lacerated  in  such  wise  as  to  cause  obstruction  to  the 
blood  supply  to  the  limb  and  thus  produce  gangrene,  oi-  ner\-es  maybe  lacerated 
or  stretched  sufficiently  to  cause  j^aralysis,  more  oi-  less  permanent,  and  the  bone 
may  be  fractured — the  neck  or  head  of  the  femin-  or  the  rim  of  the  acetaliulum. 

On  the  other  hand,  i-eduction  has  been  accomplished  in  reported  cases  as  long 
as  six  months  after  dislocation,  with  complete  restoration  of  function. 
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Sufficiont  loss  (if  function  to  incapacitate  the  jKitiont,  severe  jiain  from  press- 
ure of  tlie  liead  of  tlie  femur  on  some  nerve  (sciatic),  severe  and  unsiglitly  de- 
formity from  mal|iosirK]ii,  would  he  admitted  by  all  as  indicating  operative 
treatment.  The  difHeulty  of  decision  will  dccur  w  lii'U  the  function,  the  sufferinji, 
and  the  deformity  arc  less  than  this. 

The  choice  of  oix'rative  procedure  lies  between  nianii>ulative  reduction, 
transposition  of  the  head  of  the  fennu'  to  some  point  more  favorable  for  function, 
as  in  the  Lorenz  operation  in  conjicnital  dislocation,  induction  by  open  incision, 
and,  finally,  resection. 

Manipulative  reduction  should  not  be  attempted,  at  least  with  much  force, 
except  in  fairly  recent  cases,  and  should  be  jireceded  by  thorough  breaking  up  of 
atlhesions  and  sti'etehing  of  contracted  tissues.  Sometimes  it  is  of  value  to 
cut  the  adductoi's.  Continuous  traction  by  weifi,lit  and  pidley  for  some  days 
may  assist  in  lessening  muscular  resistance.  In  general,  the  same  manipula- 
tion should  l)e  employed  as  descriljed  alio\-e  for  the  corresponding  acute  dis- 
location. In  case  of  fracture  of  the  femur  in  the  manipulation  or  previously, 
it  is  probably  better  to  remove  the  head  of  the  bone  than  to  attempt  to  ]iull  it 
into  place  and  fasten  it  Ijy  nail  or  staple  to  the  neck  of  the  l)one,  but  the  surgeon 
should  use  his  judgment  in  this  matter  when  the  joint  is  open,  for  if  there  be 
preserved  some  capsular  attachment  to  the  fragment,  especially  the  fold  of 
Amantini,  fixation  of  the  head  by  a  nail  or  screw  di-i\-en  through  the  trochanter 
may  succeed  in  Ijringing  about  bony  union. 

The  ( langers  of  open  oiieration  ai'e  chiefly  those  of  infection.  There  are  practi- 
cal difficulties  in  the  way  of  efficiently  sterlizing  a  wide  enough  area  about  the 
site  of  operation,  and  even  after  contracted  tissues  are  cut  there  is  still  retjuired 
a  great  deal  of  manipulative  force  to  get  tlie  head  of  the  femur  into  the  acetabu- 
lum, and,  besides,  the  fingers  are  in  the  wound  much  of  the  time.  If  gloves  are 
worn  they  are  very  likely  to  be  torn. 

Hocflinger  (Inaug.  Diss.,  Bern,  1900)  reported  three  cases  and  collected 
thirty-seven  from  the  literature,  of  which  tweiity-foiu' were  subjected  to  arthrot- 
omy  and  sixteen  to  resection.  In  two  in  which  operative  reduction  had  been 
performed,  resection  was  subsequently  I'eciuired — in  one  for  poor  function,  in  the 
other  for  necrosis  of  the  head  of  the  femur.  Hocflinger  concludes  from  a  study 
of  these  cases  that  operative  reduction  (arthrotomy)  is  to  be  considered  the  nor- 
mal procedure  in  irreducilile  dislocation  of  the  hip,  since,  especially  in  young 
individuals,  it  gives  much  better  functional  results  than  resection.  In  more  than 
half  of  the  twenty-four  cases  a  normal,  or  at  least  a  good  functional,  result  was 
obtained.  There  is  a  choice  of  several  incisions:  Kocher's  behind,  Langen- 
beck's  over  the  trochanter,  etc.;  but  Hocflinger  would  give  the  preference  to 
the  temporary  resection  of  the  trochanter  of  von  Mikulicz  as  giving  best  access 
to  the  parts  with  least  traumatism.  The  adductor  nuiscles  may  have  to  be  cut 
(tenotomy),  the  capsule  freely  opened,  and  the  acetabulum   cleared  of   rem- 
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Hants  iif  capsule,  fibrous  masses,  or  rra.ij,iiients  of  Ixme.  Resection  sliould  he 
reserved  as  a  last  resort,  Ijut  will  in  some  eases  give  useful  function.  In  older 
cases  in  which  other  attempts  have  failed,  Kocni";  advises  osteotomy  as  an 
operation  which  will  inijirove  the  position  of  the  limb. 

Dislocations  of  the  Knee  Joint. —Xotwitlistandhii;  its  exposure  to  violence, 
the  knee  jnmt  is  nut  fre()uently  dislocated,  doubtless  lieeause  of  its  broad  articu- 
lar, surfaces  and  its  remarkal)ly  strong  ligamentous  ajiparatus.  Malgaigne, 
however,  observed  eight}'  cases  and  on  this  basis  worked  out  an  elaborate 
ela.ssification. 

Partial  dislocation  of  the  tibia  on  the  fennu'  may  be  ])roilueed  by  comjjarative- 
]y  slight  force,  but  complete  dislocations  are  severe  injuries  accompanied  by  wide 
tearing  of  the  capsule  and  other  ligaments.  For  the  same  reason  complete  dis- 
locations of  the  knee  are  apt  to  be  complicated  with  fractiu'e,  injury  of  the  semi- 
lunar cartilages,  the  popliteal  vessels,  nerves,  etc.,  and  may  be  compound.  Tlie 
complications  are  much  more  likely  to  lead  to  serious  consecjuences  than  the 
dislocation  itself.  The  semilunar  cartilages  may  be  fractured  or  may  be  torn 
loose  and  displaced.  The  pojiliteal  vessels  niay  be  torn  across,  giving  rise  to 
extensive  ha>matomata  and  to  gangrene  of  the  leg  from  destruction  of  the  blood 
sujjply.  Cru.shing  and  thromliosis  or  even  compression  if  continueil  long  enough, 
as  in  delayed  reduction  of  a  dislocation,  may  lead  to  the  same  result.  Simjile 
l)re.ssure  of  the  displaced  lower  end  of  the  femur  and  upper  end  of  the  tibia,  if 
permitted  to  continue  for  some  time,  may  cause  necrosis  of  the  tense  skin  and 
secondary  perforation,  with  all  the  dangers  of  infection  of  the  knee  joint.  VWrn 
aseptic  inflanuiiation  and  swelling  confined  by  the  tense  skin  may  so  obstruct 
the  circulation  as  to  cause  gangrene  of  the  lower  leg.  The  deformity  presentetl 
by  complete  dislocation  of  the  knee  is  extreme  because  of  the  large  size  of  the 
lower  end  of  the  femur  and  the  upi)er  extremity  of  the  tibia. 

Dislocations  of  the  tibia  are  descriljed  as  forward,  backward,  lateral,  and 
rotary  fright  and  left). 

Dislocation  forward  is  ordinarily  produced  by  hyperextension  and  might 
therefore  be  expected  to  be  more  frequent  than  backward  dislocation  because  of 
the  sharp  limitation  of  extension  of  the  normal  knee  joint,  while  flexion  is 
limited  only  by  contact  of  the  yielding  muscle  masses  of  the  ham  and  calf.  In 
In'perextension  the  posterior  and  crucial  ligaments  are  torn  and  the  rounded 
ends  of  the  femoral  condyles  pa-ss  into  the  i)0i3liteal  space.  Subsequent  flexion 
forces  the  posterior  edge  of  the  upper  extremity  of  tin'  tibia  upwani,  and  the  tibia 
lies  with  its  posterior  surface  in  contact  with  the  anterior  surface  of  the  femur. 
In  many  particulars  this  dislocation  is  com])arable  to  the  corresponding  dis- 
location of  the  phalanges.  Dislocation  forward  has  also  been  caused  by  a  severe 
blow  on  the  lower  part  of  the  femur  from  in  front,  the  leg  being  fixed  or  its  inertia 
serving  as  fixation. 

Tlie  leg  is  held  in  extension,  but  may  be  slightly  flexed.     The  upper  end  of 
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till'  tiliia  is  ])r(iiiiiiu'iit  and  its  articular  suii'acc  may  !)<■  inailc  out  l)y  palpation. 
Tlicix'  is  a  concavity  ahoN'c  in  wliicli  the  ]iatt'lla  is  to  lie  Iclt  hi^lici'  than  in  its 
normal  |)osition  and  I'otatcd  about  a  traiisver.so  axis  and  capable  of  being  moved 
about.  The  condyles  of  the  femur,  co\-ered  with  tij^htly  stretched  soft  parts, 
are  prominent  in  the  ])opliteal  i-e<iion.  In  complete  tlislocation  there  is  marked 
[shortening  of  the  limb.  The  leg  has  a  considerable  degree  of  mobility  laterally, 
thongh  but  little  antero-posteriorly. 

Dislocations  of  the  tibia  backward  arc  more  freriuently  ]mrtial  and  for  the  most 
part  are  caused  by  blo\v.s  on  the  anterior  surface  of  the  tibia,  especially  when  the 
leg  is  flexed,  as  in  falls  on  the  bent  knees.  The  position  of  the  leg  varies  ac- 
cording to  whether  the  articular  surface  of  the  tibia  has  or  has  not  slipped  entirely 


Fig.  49. — Incomplete  Dislocation  of  the  Tibia  Bacl^ward.     (.\fter  Lejars.) 

off  the  condyles.  In  partial  dislocation,  therefore,  the  leg  is  more  or  less  flexed,  the 
femoral  contlyles  are  ]:)rominent  in  front,  and  the  ligamentum  patella;  is  tightly 
stretched  between  them.  In  complete  backward  dislocations  the  leg  is  extended 
or  even  hyperextended,  the  condyles  are  prominent  as  before,  but  the  head  of  the 
tibia  is  much  more  prominent  posteriorly  than  in  ])artial  dislocations.  The 
patella  is  dragged  down  between  the  condyles.     There  is  marked  shortening. 

The  sharp  posterior  edge  of  the  upper  extremity  of  the  tibia  is  apt  to  crush 
or  lacerate  the  popliteal  vessels  or  nerves.  The  ligamentum  patellae  may  be 
ruptured,  but  is  more  commonly  torn  oft"  from  its  tibial  or  its  patellar  attachment. 
(Fig.  50.)     The  patella  may  be  fractured. 

Partial  lateral  dislocations  are  not  common,  but  complete  lateral  dislocations 
are  exceedingly  rare  and  are  severe  injuries  accompanied  by  extensive  laceration 
of  the  ligamentous  apparatus.  When  one  considers  the  fact  that  in  an  extended 
normal  adult  knee  there  is  practically  no  lateral  motion,  even  the  great  breadth 
of  the  articular  surfaces  and  the  extraordinary  strength  of  the  ligaments  would 
seem  scarcely  to  account  for  the  relative  infrequency  of  lateral  dislocations.  One 
must  look,  for  an  explanation,  to  the  protection  given  the  joint  by  flexion  in  mo- 
ments of  receiving  lateral  injury,  for  these  dislocations  occur  as  a  result  of  forced 
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lateral  flexion  when  the  leg  is  locked  in  coniplctc  extension.  If  the  knee  is  jiar- 
tially  flexed  a  blow  on  the  side  of  the  knee  will  eause  the  whole  liml)  to  be  rotated 
inwartl  or  outward  (adduction  or  aliduction)  according  as  the  blow  is  received  on 
the  outer  or  the  inner  side  of  the  knee,  thus 
yickling  to  the  force  of  the  blow.  Because 
of  the  obtuse  angle  between  tibia  and  femur 
a  l)]ow  on  the  outer  side  is  more  likely  to 
produce  rupture  of  the  opposite  lateral  liga- 
ments than  a  blow  of  equal  force  on  the  in- 
ner side.  This,  together  with  the  fact  that 
blows  are  more  freiiuently  received  on  the 
outer  side  than  on  the  inner,  would  seem 
to  account  for  the  greater  frequency  of 
laceration  of  the  internal  lateral  ligaments. 
In  partial  lateral  dislocations  the  liga- 
ments on  the  side  of  the  convexity  are 
torn,  there  is  more  or  less  lateral  disijlace- 
ment  of  the  head  of  the  tibia  to  that  side, 
and  there  is  also  slight  diastasis  of  the 
articular  surfaces.  (Fig.  51.)  There  is 
marked  increase  of  latei'al  angular  mobility 


Fic.  50. — Partial  Dislocation  of  the  I'p- 
ppr  End  of  the  Tibia  Backward,  witli  Rupt- 
ure of  tlic  Patellar  Tendon.  View  taken 
from  the  outer  side  of  the  limb.  (Roentgen 
Department  of  Lane  Hospital.  San  Fran- 
cisco. ) 


in  the  direction  of  the  primary  de- 
formity, i.e.,  toward  the  side  0]> 
posite  to  that  of  the  laceration 
of  the  ligaments.  In  disease  of 
the  knee  attended  with  flexion  at 
tliis  joint,  subluxation  with  ever- 
sion  of  the  foot,  due  to  contrac- 
tion of  the  external  hamstrings, 
is  of  Common  occurrence. 

Treatment. — The  reduction  of 
recent  forward  dislocation  of  the 
knee  is  readily  effected  in  most 
cases  by  simjile  manual  pressure, 
perhaps  with  moderate  traction. 
There  are  two  principal  methods 
for  this  manipulation :  one  by  Hex- 
ion  followed  by  longitudinal  trac- 
tion: the  other  (reversing  the 
mechanism  of  production  of  the 
dislocation)  by  hyperextension  and  forcing  the  head  of  the  tibia  downward,  i.e., 
making  traction  in  the  line  of  the  femur,  completing  the  manceuvre  by  bringing 
the  tibia  down  to  the  straight  position.     Where  these  methods  do  not  succeed, 


Fin.  51. — Partial  Lateral  Dislocation  of  the  Tibia, 
Showing  Angular  Deformity  and  Lateral  Displace- 
ment. (Roentgen  Department  of  Lane  Hospital,  San 
Francisco.) 
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reduction  iiuiy  be  aeeoniiilished  liy  section  subcutaneousiy,  or  by  open  incision 
of  the  edges  of  the  capsule,  witli  enlai-gement  of  tlie  rent  tlirough  whicli  the  end 
of  the  femur  passed.  It  is  scarcely  necessary  to  add  that  tiie  greatest  antiseptic 
precautions  are  to  be  taken  if  incision  l)e  made. 

Diastasis  or  separulion  of  llic  luwcr  cpiphysifi  of  the  femur  may  greatly  resemble 
dislocation  of  the  knee.  Although  such  injuries  are  more  properly  classcil 
with  fractures  the  follo\\ing  case  observed  by  Luxembourg  (Deui.  Zeit.  f.  Chir., 
July,  ]9()7)  sufficiently  resembles  dislocation  to  warrant  its  description  here: — 

The  l:)oy,  while  walking  along  a  country  road,  was  struck  by  a  heavily-laden 
truck  and  thrown  to  some  distance.  He  was  picked  up  in  an  unconscious  con- 
dition ami  carried  immediately  to  the  hospital.     A\'hen  he  had  regained  coii- 


FiG.  52. — X-Ray  Picture  Showing  Complete  Separation  of  tlie  Lower  Epipliysis  of  the  Femur 
and  Dislocation  of  the  Same  in  a  Lateral  (Outward)  Direction,  a,  Front  view;  b,  side  view.  (After 
Luxembourg,  in  tlie  Deutsche  Zeitschrift  fi'ir  Chirurgie,  July,  1907.) 


sciousness  an  .r-ray  photograph  of  the  injured  knee  (Fig.  o'l,  a  and  h)  was  taken, 
and  the  dislocation  was  reduced  under  ansesthesia.  At  the  end  of  six  weeks  the 
boy  was  dismissed  cured.  An  examination  made  about  six  months  later  showed 
that  the  cure  was  of  a  permanent  nature;  no  traces  of  the  injury  of  any  kind 
were  discovered. 

Dislocations  of  the  Upper  End  of  the  Fibula. — A  few  cases  are  on  record 
of  isolated  dislocation,  or  rather  diastasis,  of  the  ui)per  end  of  the  fibula.  It 
has  occurred  as  a  result  of  discrepancies  in  rate  of  growth  of  the  tibia  and 
fibula — i.e.,  where  the  more  rapid  growth  of  the  tibia  pulls  the  whole  fibula 
downward,  or  wliere,  in  case  of  retarded  growth  of  the  tibia  (osteomyelitis,  de- 


DISLOCATIONS.  89 

struction  of  epiphyses),  the  more  rapid  growth  of  the  fibula  forces  the  head  of 
the  filnila  ujnvard  and  outward  out  of  its  joint.  In  case  of  weakness  of  the  Hga- 
nients  of  the  tiliio-tihuhir  jnint  from  any  cause  (e.g.,  hydrojis,  in  whicli  con- 
dition this  joint  in  fifteen  per  cent  of  cases  communicates  with  tiie  knee  joint) 
traction  of  the  biceps  may  pull  the  fibula  backward.  (Hirschberg,  Langen- 
heck's  Arch.,  XXX\"II.)  True  traumatic  dislocation  of  the  upper  end  of  the 
fibula  may  occur  alone,  Init  is  more  fre(iuent  as  a  comphcation  of  fracture  of 
the  tibia  or  of  the  tihula. 

The  peroneal  nerve  is  apt  to  be  injured  and  in  consequence  there  is  more  or 
less  extensive  peroneal  paralysis.  The  most  marked  sj'mptom  is  inability  to  ex- 
tend the  leg.  There  is  some  deformity,  and  palpation  shows  the  position  of  the 
head  of  the  fibula,  as  well  as  the  degree  of  tension  or  relaxation  of  the  biceps  ten- 
don, acconling  as  the  displacement  is  in  a  forward  or  a  backward  direction. 

Reduction  is  to  be  effected  by  direct  pres,sure,  the  knee  being  flexed  to  relax 
the  biceps.     The  leg  should  be  put  up  in  ])la.ster  of  Paris  in  moderate  flexion. 

Dislocations  of  the  Semilunar  Cartilages. — Injuiies  of  the  semilunar  car- 
tilages are  described  under  dislocations,  although  logically  they  are  more 
]3roperly  classed  with  sprains.  The  clinical  entity  was  designated  by  Hey  as 
internal  derangement  of  the  knee  as  long  ago  as  1805,  but  only  in  recent  years  has 
the  pathology  of  the  condition  been  made  clear,  and  that  as  a  result  of  modern 
operative  work. 

The  clinical  ])icture  of  a  knee  which,  as  a  result  of  an  injury,  perhaps  of 
minor  degree,  becomes  suddenly  locked  in  partial  flexion,  being  acutely  painful, — 
the  jjatient  being  unable  voluntarily  to  extend  the  joint,  to  get  the  heel  to  the 
ground,  or  to  liearthe  weight  of  the  botly  on  the  leg,  and  the  symptoms  all  dis- 
appearing after  some  form  of  manipulation  of  the  leg, — is  characteristic.  It  is, 
however,  similar  to  that  of  a  loose  body  in  the  joint.  The  pain  is  ]Derhaps  less 
severe,  recurrence  less  frequent,  and  something  may  be  determined  by  palpation 
as  to  the  size  of  the  j^rojecting  loose  body.  The  fact  is,  however,  differentiation 
between  th(>se  two  conditions  is  not  always  possible.  They  maj'  coexist.  A 
Roentgen  picture  is  of  tliagnostic  value  in  that  a  loose  body  in  the  joint  generally 
contains  sufficient  bone  to  make  a  shadow,  while  with  simple  fiacture  or  dislo- 
cation of  the  semilunar  cartilages  the  joint  appears  normal.  (Hoffa.)  The 
cartilage  may  Ije  displaced  as  a  whole  and  lie  in  the  cavity  between  the  femoral 
condyles  or  project  forward,  forming  a  palpable  and  even  visible  prominence, 
or  it  may  be  fractured,  the  fragments  separating  one  from  the  other,  or  a  chip  may 
be  broken  off',  forming  a  loose  body  in  the  joint.  There  is  a  marked  tendency 
to  recurrence,  and  some  individuals  are  unable  to  fU'x  the  knees  full}'  without 
this  displacement  occurring.  Generally,  manipulation  (pressure  on  the  project- 
ing meniscus,  with  passive  extension)  immediately  relieves  the  symptoms,  but 
occasionally  fails  and  the  joint  remains  .stiff'. 

While  the  semilunar  cartilages  may  be  injured  by  direct  \-iolence,  as  by  blows 
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from  more  or  lcs^^  |)(iiiitc(l  ohjocts,  they  arc  niiicli  iiKirc  often  injured  as  a  result 
of  some  twist  of  the  Icf^,'  in  jjartial  fiexion,  as  an  exaggci-ation  of  the  normal  axial 
rotation  of  the  tilMa.  l'liysio]o<iical  rotation  of  the  tibia  varies  in  individuals, 
is  niucli  srealci'  in  child  Ik  k  id,  and  also  varies  with  tlic  I'clativc  pdsilion  of  tibia  and 
fcnnu',  bcini;;  zcrn  when  these  bones  are  locked  in  ciim|ilcte  extension  and  reaching 
a  maxinuun  in  flexion  of  from  forty  to  sixty  defirees.  (Testut.)  Maximum 
active  rotation  varies  from  fifteen  degrees  to  twenty-five  degrees,  and  passive 
from  tliirty-five  degrees  to  foi'ty  degrees. 

Injvu'ies  and  displacements  of  tlie  interna!  meniscus  are  nnicli  more  common 
than  of  the  external  (five  or  seven  to  one),  which  is  probably  to  be  explained  by 
the  less  firm  attachment  of  the  internal  meniscus,  its  lesser  concavity,  and  the 
greater  fi'(>(|uency  of  accidents  producing  excessive  external  rotation  and  abduc- 
tion; both  of  these  motions  api)ear  to  be  of  etiological  importance,  the  common 
turning  outward  of  the  foot  favoring  external  rotation,  and  the  obtuse  angles  at 
the  knee  favoring  abduction.  Disjilacement  of  the  external  meniscus  is  due  to 
exaggerated  internal  rotation  anil  adduction. 

Unless  the  displaced  cartilage  is  restored  to  its  proper  position  the  prognosis 
is  not  a  happy  one.  The  knee  continues  to  l)e  painful  and  all  but  useless,  and 
that  too  despite  all  the  measures — massage,  exercise,  clastic  bandages,  splints, 
etc. — employed  for  the  relief  of  the  condition.  There  is  a  marked  tendency 
to  recurrence  of  the  displacement  when  reduction  has  been  accomi^lished.  Even 
with  o}x'rative  replacement  of  the  displaced  meniscus  the  knee  is  apt  to  be  more 
or  less  troublesome,  partly  because  of  imperfect  adjustment  and  altered  mobil- 
ity of  the  meniscus,  partly  because  of  disturbances  in  the  relations  of  the  liga- 
mentous apparatus,  and  because  of  atrophy  of  the  thigh  muscles.  So  great  has 
been  the  muscle  atrophy  in  some  cases  as  to  suggest  that  it  is  due  to  a  neuritis 
resulting  from  the  injury  rather  than  from  simple  non-use.  (Martina:  Deutsche 
Zeit.  /.  C/!iV.,LXXXVIII.,  p.  370.) 

Treatment. — In  a  considerable  proportion  of  cases  the  displaced  cartilage 
can  be  replaced  by  a  manipulative  process  reversing  that  by  which  it  was  thrown 
out;  i.e,  the  internal  meniscus  when  tiUed  into  the  sjiace  between  the  condyles 
can  be  pushed  back  into  its  normal  position  by  making  extension  of  the  leg, 
followed  by  sudden  flexion  and  rotating  inward  (the  outer  meniscus  by  rotating 
outward),  while  pressure  is  made  on  the  prominent  portion  of  the  fragment  with 
the  fingers. 

After  reduction  of  the  cartilage  the  knee  should  be  fixed  for  about  six  weeks 
in  plaster  of  Paris. 

Open  operation  is  indicatetl  in  chronic  cases  which  manifest  a  tendency  to 
recurrence,  and  in  acute  cases  where  efforts  at  reduction  have  failed.  The  joint 
may  be  opened  by  a  vertical  incision  along  the  adjacent  border  of  the  patella  or 
by  a  transverse  incision,  and,  according  to  the  judgment  of  the  operator,  the 
fibro-cartilage  should  be  sutured  at  the  point  of  fracture,  and  anchored  to  the 


DISLOCATIONS. 


91 


capsule  with  ab.soii)able  suture  (catgut  or  fine  kangaroo  tendon)  or  else  extir- 
pated. A\lien  the  cartilages  are  displaced  backward  between  the  articular 
surfaces,  flexion  of  the  leg  to  complete  relaxation,  with  rotation  and  abduction 
from  the  injured  side,  offers  a  chance  of  restoration.  In  these  cases,  however, 
the  coronary  attaclnnents  are  torn,  and  it  is  more  than  likely  that  only  opera- 
tive relief  will  suffice.  It  may  be  difficult  to  reach  the  point  of  fi-acture  of  the 
cartilage,  but  flexion  and  extension  movements,  with  rotation,  will  expose  dif- 
ferent poi-tions  of  the  cartilages.  The  capsule  should  be  sutured  and  the  joint 
closed.  The  removal  of  jmrt  or  even  all  of  a  meni.scus  seems  not  to  interfere 
seriously  with  the  function  of  the  joint. 

Dislocations  of  the  Patella.— The  patella,  the  largest  of  the  sesamoid 
bones,  is  developed  in  the  tendon  of  the  (juadriceps  extensor.  Being  attached 
to  the  ujjper  portion  of  the  tibia  by  a  ligament  of  very  great  strength,  it  moves 
over  the  trochlear  surface  of  the  fennn-  in  extension  and  flexion  of  the  leg.  The 
range  of  motion  is  considerable,  G  or  7  cm.  (2|  or  2f  in.).  Laterally,  the 
patella  moves  from  1  to  3  cm.  (i  in.  to  U  in.)  when  the  quadriceps  is  relaxed. 
It  is  so  freely  movable  in  all  directions  and 
is  so  easily  tilted  by  ])ressing  on  any  of  its 
various  edges  that  a  sharp  blow  applied  on 
almost  any  edge  will  cause  it  suddenly  to 
emerge  on  the  opiiosite  side  and  tilt  to  a 
greater  or  less  tlegree.  Thus  dislocations 
have  been  produced  in  all  directions,  although 
only  in  rare  cases  in  an  inward  direction. 

Theoretically,  the  i)atella  may  be  dislo- 
cated laterally  to  either  side,  but  complete 
dislocation  inward  is  so  rare  that  for  practi- 
cal purposes  it  may  be  said  not  to  occur. 
Of  two  cases  quoted  by  Malgaigne  one  was 
accompanieil  by  such  relaxation  of  the  liga- 
ments that  the  patella  could  be  movetl  widely 
in  any  direction  (pathological  luxation), 
and  the  other  was  doubtful.  The  lateral 
dislocations  are  clescriljed  as  partial  or 
complete. 

The  patella  may  l)e  rotated  upon  edge, 
i.e.,  with  articular  surface  "looking"  tow- 
ard the  inner  or  toward  the  outer  side  of  the  knee,  or  may  lie,  though 
very  rarely,  tiu'ned  completely  over,  and  may  even  be  rotated  about  a  trans- 
verse axis. 

Lateral  dislocation  outward  is  favoi-ed  by  the  lateral  angle  between  thigh  and 
leg,  which  varies  with  individuals  and  is  greater  in  the  female  than  in  the  malebe- 


FiG.  53. — A'ortical   Dislocation  of  the 
Patella,      (.\fter  Anger.) 
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cause  of  the  wider  pelvis.     Naturally,  this  disloealioii  is  more  coininon  in  the 
presence  of  genu  valgum. 

Resisting  the  tendency  to  dislocation  are  the  iiinhcr  outer  rim  or  crest  of  the 
trochlear  sui'face  and  the  lateral  ligamentous  apparatus  (cajisuli',  (juadi'lceps 
aponeurosis,  and   lateral  patellar  bands — retinacula  patella'),  togt'ther  with  the 

tension  of  the  vastus  internus,  which  is  greater  in 
volume  and  strength  than  the  extcrnus. 

Dislocation  <if  the  patella  outward  is  said  to 
be  complete  when  the  artieulai'  surface  of  the 
patella  hasi)assed  completely  to  the  outer  side  of 
the  trochlea  and  the  inner  edge  of  the  patella  is 
caught  against  its  outer  border.  This  dislocation 
is  described  as  of  two  varieties — one  taking  place 
above  the  prominent  outer  edge  of  the  trochlea, 
the  other  below.  The  former  occurs  by  nmscular 
action  in  shariily  forced  extension,  or  by  direct 
violence  from  below  upward  and  nutwai-d  when 
the  leg  is  in  extension.  The  latter  may  occur 
from  direct  violence  from  above  downward  and 
outward,  but  occurs  chiefly  from  blows  on  the 
inner  side  when  the  leg  is  partially  Hexed.  Con- 
traction of  the  quadrice])s  may,  according  to  cir- 
cumstances, increase  or  diminish  the  dislocating 
effect  of  such  blows. 

Rotary  dislocation,  constituting  one-sixth  of 
all  dislocations  of  the  jjatella,  occurs  most  fre- 
quently with  the  knee  flexed  and  as  the  result  of 
direct  violence.  The  greater  frecjuency  of  rotary  dislocation  with  articular  sur- 
face outward  (two-thirds  of  all  cases)  is  to  be  accounted  for  by  the  obliquity  of 
the  plane  of  the  trochlea  and  the  [jrominence  of  its  outer  edge  or  crest.  'Wlien 
the  patella  is  set  on  edge  it  is  maintained  in  its  jiosition  by  tension  of  the  quad- 
riceps and  untom  jjortions  of  the  ligamentous  a])paratus.  The  knee  is  par- 
tially flexed  and  the  edge  of  the  patella  lies  in  the  upper  portion  of  the  inter- 
condyloid  notch. 

In  all  dislocations  of  the  patella  the  capsule  and  the  ligaments  are  more  or 
less  torn  and  may  be  torn  widely,  and  there  may  be  great  effusion  of  blood 
within  and  without  the  joint,  obscuring  the  condition  and  interfering  with 
replacement. 

Reduction  maybe  accomplished  inmost  cases  and  without  an  ana'sthetic,  but 
in  others  it  is  not  possible  except  by  open  operation — incision.  The  quadriceps 
should  be  relaxed  by  passive  flexion  of  the  thigh  and  extension  of  the  leg.  The 
patella  may  then  be  lifted  with  the  fingei's  up  over  the  crest  of  the  trochlea  into 


Fig.  54.— Dislocation  (Total  Re- 
versal) of  the  Patella,  (After 
Anger.) 
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place,  or  in  rotary  tlislocatioiiy  the  patella  maybe  turnetl  by  gripping  it  with  the 
fingers. 

After  reduction  is  secured  the  knee  should  be  alternately  flexed  and  extended 
a  few  times  to  assist  in  securing  better  a])positionof  torn  ligaments,  and  the  limb 
should  be  placed  in  a  plaster-of- Paris  or  other  fixation  splint.  If  the  effusion  is 
great  it  should  be  removed  by  aspiration  and  the  joint  bandageil. 

In  case  of  failure  to  secure  retluction  the  knee  should  be  opened  luider  the 
strictest  asepsis,  the  joint  cleared  of  clots,  the  torn  ligaments  trimmed,  and,  after 
rei)lacement  of  the  patella,  the  wound  should  be  sutured.  The  introduction  of 
hooks,  elevators,  etc.,  througii  small  incisions  is  even  more  objectionable  from 
an  aseptic  standpoint  than  open  operation  and  should  therefore  be  discarded. 

Dislocation  by  rotation  al)out  a  horizontal  axis  is  claimed  by  Cheeseman  to 
be  not  so  rare  as  connnonly  sui)i)osed  (Ann.  Surgery,  190."),  XLL,  p.  107).  He  col- 
lected five  cases  from  the  literature  and  repoiled  a  sixth.  In  his  case  the  fjuad- 
riceps  tendon  was  torn  and  the  upper  edge  of  the  patella  wedged  .so  tightly  into 
the  intcrcondyloid  notch  as  to  resist  all  attempts  at  disloilgment  even  under 
ana'sthesia.  Open  incision  pernfitted  lifting  of  the  patella  into  its  correct  position 
and  suturing  of  the  quadriceps  tendon.  Of  the  six  cases  only  one  was  reduced 
without  operation.  In  two  the  jiatella  lay  between  the  tibia  and  the  external 
condyle.  In  four  the  ijuadriceps  tendon  was  ruptured,  the  ligamentum  patelke 
in  one,  the  crucial  ligaments  in  two,  and  tlie  lateral  ligaments  in  one. 

After  luxation  of  the  patella  there  is  amarked  tendency  to  habitual  dislocation, 
to  prevent  which  the  retentive  dressing  should  be  continued  until  healing  of 
torn  ligaments  is  firm,  and  subsequently  for  a  considerable  time  a  supporting 
bandage  should  l;e  worn. 

If  habitual  dislocation  is  once  established  as  the  seciuence  of  a  traumatic 
dislocation,  of  chronic  hydrojis,  of  genu  valgum,  or  of  imi^aired  action  of  the 
vasti  muscles,  a  supporting  liandage,  consisting  of  a  leather  knee  cap  with  a  hole 
in  it  for  the  patella  and  padded  so  as  to  make  pressvu'e  on  t'.ie  outer  side,  will 
give  a  considerable  degree  ol  relief.  ^'aI■ious  operative  procedures  have  been 
tried  with  varying  success.  Open  operation  with  suturing  of  tissues  on  the 
inner  side  under  proper  asepsis  is  to  be  jweferred  to  subcutaneous  suture.  The 
operation  of  Le  Dentu  has  given  good  results.  It  is  described  as  follows  lay 
Hoffa  (Langcnhcck'n  Arch.,  LIX.,  1S99,  i).  547):  An  incision  11  cm.  (4|  in.) 
long  is  made  about  midway  between  the  inner  border  of  the  patella  and  the 
capsule  of  the  knee  joint.  The  soft  tissues  are  pushed  away  by  a  blunt  instru- 
ment on  both  sides  of  the  capsule,  so  that  on  the  outside  the  border  of  the 
patella  with  its  tendinous  enveloj)e,  and  on  the  inner  side  an  area  of  the  cap- 
sule at  least  an  inch  wide,  are  laid  bare.  The  patella  is  next  forcibly  pressed 
toward  the  middle  line  of  the  limb  and  four  strong  silk  sutures  arc  carried,  on 
the  one  side,  through  the  tendinous  and  periosteal  covering  of  the  patella  and 
on  the  other  through  the  aponeurosis  of  the  internal  condyle  of  the  fennu',  in 
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order  to  draw  the  patella  inward.  Tliese  sutures  aif  not  yet  tied,  but  are 
held  firmly  Ijy  an  assistant.  The  capsule  lying  in  the  area  of  the  incision  is 
now  seen  markedly  relaxed  and  stretched.  It  is  folded  into  a  sausage-shaped 
roll,  gathered  togetliei',  aiul  sewed  with  six  silk  sutures  into  a  eomijact  rovi]. 
This  cord  holds  the  patella  well  Idwa-.d  the  middle  hue,  but  it  is  secured  more 
firmly  in  its  proper  po.sition  by  knotting  tlu;  sutures  first  introduced.  After 
removal  of  the  h^smarch  bandage  (applied  before  the  actual  operation  began), 
the  small  amount  of  bleetling  is  arrested,  the  Avuund  in  tlie  skin  is  clo.sed  by 
silk  sutures,  and  stei'ile  compresses  and  bandage  are  ai>|)Hc(l.  The  leg  being 
well  extended,  a  plaster-of-Paris  bandage  is  a])plied  from  above  to  the  meta- 
tarsal capituhun,  and  while  it  is  hardening  pressure  is  maintained  against  the 
external  border  of  the  patella. 

Diastases  of  the  Distal  End  of  the  Fibula.— I^xcei^t  as  a  complication  of 
Pott's  fracture  and  of  dislocation  of  the  astragalus,  tliastasis  of  the  lower  end  of 
the  fibula  is  e.\ceedingly  rare.  Stimson  found  but  two  cases  in  the  literature. 
When  one  considers  the  exposure  of  the  prominent  external  malleolus  to  violence, 
the  rarity  of  this  dislocation  is  explained  by  the  frequency  of  fi-actm-e  of  the 
fibula  or  of  the  malleoli.  In  these  two  cases  the  lower  end  of  the  fibula  was  freely 
movable  backward  and  forward,  and  the  outer  surface  of  the  astragalus  could 
be  outlined  l.)y  the  finger.  In  one  (Nelaton's,  a  chronic  case)  the  function  was  so 
good  that  interference  seemed  unjustifiable.  In  the  other  milaux's)  the  bone 
was  put  into  place  and  kept  there  Ijy  suitable  bandages,  and  thc])atient  made  a 
satisfactory  recovery.  Stimson  saw  one  case  with  Imckward  dislocation;  the 
foot  w'as  in  abduction.  Adduction  brought  the  fibula  into  jilace  with  an  audible 
snap,  then  the  dislocation  was  reproduced  by  abduction,  and  again  reduced  by 
adduction  of  the  foot.  Diastasis  of  the  lower  tibio-fibular  joint  has  recently 
been  the  subject  of  an  elaborate  study  by  Quenu  (Rer.  de  Cliir..  XXXV.,  p.  898 
et  seq.,  1907. 

Dislocations  of  the  Foot. — The  astragalus  is  .so  fitted  between  the  malleoli  that 
the  ankle  joint  jxTnuts  of  [jractically  no  motion  except  those  of  flexion  and  ex- 
tension. Complicated  motions  of  adduction  and  abtluction,  pronation  and  supi- 
nation are  combinations  of  rotation  in  the  mediotarsal  (between  scaphoid  and 
astragalus,  cuboid  and  calcaneus)  and  astragalo-calcanean  joints.  These  joints 
move  simultaneously  in  varying  degree,  the  freest  motion  taking  place  between 
the  head  of  the  astragalus  and  the  scaphoid. 

Dislocations  of  the  tarsus  and  its  various  elements  are  so  closely  allied  and  so 
similar  that  they  are  commonly  tlescribed  together.  In  general,  four  groups  are 
distinguished:  dislocations  of  the  ankle  joint  proper  (luxatio pedis),  dislocations 
of  the  astragalo-calcanean  joint  (luxatio  pedis  sub  talo),  dislocations  in  the  medio- 
tarsal (Chopart  joint),  and  dislocations  of  individual  bones  of  the  tarsus. 

These  dislocations  are  so  frequently  complicated  by  fracture,  and  the  differ- 
ential diagnosis  between  them  and  fractures  in  this  neighborhood  is  so  difficult, 
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being  so  fi'equentlyol.)sciiri'(l  liy  excessive  swelling  and  effusion  of  blood,  that  an 
x-ray  picture  should  lie  nunle  in  all  cases. 

These  injuries  are  ahvaj's  severe  antl  are  accompanied  by  extensive  damage 
to  the  soft  jiarts.  From  this  may  result  jjerforation  of  the  skin,  making  the 
lesion  compoimd,  local  necroses  of  greater  or  less  extent,  and  even  gangrene  of  a 
large  part  of  the  foot. 

If  we  exclude  the  dislocations  of  the  foot  of  greater  or  less  degree,  which  are 
very  common  as  complications  of  Pott's  fracture  and  fracture  of  the  malleoli,  dis- 
locations of  the  foot  are  of  only  moderate  freriuency.  Wendel  (Beit.  z.  klin. 
Chir.,  XXI.)  gathered  one  hundred  and  eight  cases  and  described' the  following 
forms;  1,  dislocations  forward  and  backward :  2.  latei'al  dislocations  by  pronation 
and  supination,  as  well  as  by  eversion  and  inversion;  3,  dislocations  upward. 

Dislocations  forward  commonly  result  from  excessive  plantar  flexion  (tarsal 
extension),  whetherfrom  falls  forward,  sticking  onthe  dorsum  ofthe  foot,  or  from 
falls  backward,  the  foot  being  caught  as  between  two  timliers,  perhaps  with  added 


In  some  cases  it  is  probable  that,  in  exaggerated 


thrust  forward  on  the  foot. 
dorsal  flexion,  the  lateral 
ligaments  being  torn,  a 
blow  or  thrust  on  tlie  back 
of  the  heel  drives  the  foot 
forwai'd.     (Fig.  55.) 

This  dislocation  may 
be  complete  or  incomplete. 
Atypical  forms  are  ob- 
served in  which  there  is 
complicating  fracture,  e.g., 
of  the  astragalus,  one  por- 
tion being  dislocated,  the 
other  remaining  in  the  j  oint. 

The  foot  is  lengthened 
in  front  and  shortened  be- 
hind. The  malleoli  ap- 
proach nearer  the  sole,  the  foot  is  apt  to  hv  in  moderate  plantar  flexion  (tarsal 
extension),  and  the  hollow  of  the  instep  may  be  increased.  Unless  the  swelling 
be  too  great  the  upper  surface  of  the  astragalus  can  be  palpated. 

Dislocations  liackward  are  much  more  common  than  dislocations  forward. 
The}-  usuall}-  occur  in  extreme  plantar  flexion,  by  which  the  anterior  and  lateral 
ligaments  are  torn,  the  astragalus  rotating  about  the  posterior  end  of  the  tibia. 
The  displacement  backward  occurs  as  a  result  of  thrust  from  in  front. 

The  foot  is  tlisplaced  backward  and  is  held  in  moderate  plantar  flexion,  the 
heel  being  apparently  lengthened  in  proportion  as  the  front  of  the  foot  is  short- 
ened.    (Fig.  56.)     The  lower  edge  of  the  tibia  projects  in  front  and  can  be  felt 


Fig.  55. — Dislocation  of  the  Foot  Forward.  (After  Helfer- 
i^h.)  Note  tlie  absence  of  the  normal  projection  of  the  heel 
backward,     a,  Relations  of   the  parts  as  seen  after  a  superficial 

(.lissection ;  b,  relations  of  the  bones  alone. 
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iiiime(.luiti'!y  beneath  thf. skin.     J I  not  unconunonly  i)ei-lonites  the  skin,  making 
the  disloeation  compound. 

'I'he  dislocation  may  liecompictcorineompletc,  t lie  posterior  edfje  of  the  articu- 
lar surface  of  the  tibia  catching  on  almost  any  point  of  the  dorsum  of  the  astragalus. 
Reduction  of  these  dislocations  is  generally  eflected  without  difiiculty,  the 

manipulations  being  chosen 
to  tit  the  particular  case. 

Lateral  dislocations  may 
be  inward  or  outward  (dis- 
locations by  pronation  and 
supination).  Of  these  the 
outward  is  about  twice  as 
frenuent  as  the  inward. 

In  the  use  of  these  terms 
Ijy  diffei'ent  authors  there 
are  great  discrepancies, 
some  refei'ring  to  the  posi- 
tion of  the  foot  as  a  whole, 
ill  the  senseof  inversion  and 
cversion,  and  others  adher- 
ing UKjre  strictly  to  the  jjo- 
sition  of  the  astragalus  with 
reference  to  the  tibia.  By  dislocation  inward  one  would  mean  not  so  much  in- 
version of  the  foot,  which  may  be  present  wlien  the  astragalus  lies  beneath  the 
outer  n.ialleolus,  as  the  dislocation  in  which  the  astragalus  lies  beneath  or  internal 
to  the  inner  malleolus,  independently  of  whether  the  foot  be  adducted  or  abducted. 
Dislocation  inward  iPronationsluxation,  Wendel)  results  from  a  force  ap- 
plied on  the  inner  side  of  the  heel,  forcing  it  outward  and  ujjward — the  astragalus 
either  breaking  the  outer  malleolus  or  t  lie  ttbula  above,  as  in  Pott's  fracture,  or  turn- 
ing about  the  malleolus  as  a  fulcrum,  tearing  the  internal  lateral  ligaments.  The 
astragalus  is  then  forced  inward  and  lies  more  or  less  beneath  the  inner  malleolus — 
the  foot  remaining  in  abduction.  The  astragalus  may,  however,  be  driven  com- 
pletely past  the  inner  malleolus  and  lie  with  its  outer  eilge  against  the  inner  sur- 
face of  the  malleolus.  In  this  case  the  abduction  of  the  foot  is  much  less  marked. 
Dislocation  outward  is  caused  by  the  opposite  mechanism,  antl  the  position 
of  the  foot  is  the  opposite. 

Dislocation  of  the  ankle  joint  may  be  caused  by  rotation  alone  about  a  verti- 
cal axis,  i.e.,  by  eversion  or  inversion.  In  the  former  the  fibula  is  pressed 
backward  by  the  anterior  portion  of  the  astragalus,  whose  j)Osterior  border  slips 
forward  till  it  rests  on  the  inner  malleolus.  The  astragalus  remains  between  the 
malleoli,  but,  with  the  foot,  is  rotated  outward  to  approximately  a  right  angle. 
In  a  case  of  Stimson's  the  fibula  was  broken  in  its  upper  third. 


Fig.  56.  —  Dislocation  of  tlie  Foot  Backward.  (.\fter  Hel- 
fericli.)  Note  tlie  abnormal  projection  of  the  heel  baokwanl. 
a.  Relations  of  the  parts  as  seen  after  a  superficial  dissection; 
h,  relations  of  the  bones  alone. 
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Rotary  dislocation  outward  {Supuiatiouslu.rution)  i.s  mucli  rarer  tlian  the 
preceding.  It  is  brought  about  by  the  opposite  mechanism  and  is  characterized 
by  the  opi)osite  deformity. 

Between  these  typical  cases  there  are  others  in  \\liicli  the  forces  active  partake 
of  rotations  about  vertical  and  antero-postcrioi-  mid  transverse  axes  together 
in  varying  degrees,  giving  atypical  deformities. 

Treatment. — Replacement  has  generally  been  effected  without  great  difficulty 
and  by  a  mechanism  reversing  that  by  which  the  dislocation  in  the  given  case  was 
]iroduceil — i.e..  in  internal  dislocation  with  alxluction,  the  abduction  should  be 
exaggerated,  the  foot  drawn  outward,  and  then  adilucted:  in  external  tlisloca- 
tion  the  opposite  is  retiuired.  In  rotary  dislocations  the  parts  can  be  relaxed 
somewhat  by  extension,  when  with  slight  force  the  foot  may  be  rotated  in  the 
desired  direction.  Manual  pressure  may  aid  in  restoration.  Relaxation  of  the 
tendo  Achillis,  as  brought  about  by  flexing  the  knee,  is  of  great  assistance.  In 
a  few  of  the  cases  reported  tenotomy  had  to  be  resorted  to  before  reduction 
was  possible. 

In  compound  or  infected  dislocations  of  the  ankle,  amputation  or  excision 
was  formerly  recjuired,  but  more  recent  work  has  shown  that  if  the  wound  be 
given  the  modern  treatment  of  compound  fi'acturcs — thorough  cleansing,  with  or 
without  free  incision,  and  restoration  of  the  natural  relations — excellent  re- 
sults are  often  obtained.  In  general,  the  contused  edges  of  the  wound  of  per- 
foration should  be  cut  away.  In  most  cases  drainage  is  required  and  should 
be  made  from  both  inner  and  outer  sides,  and  the  joint  should  be  fixed  in  a 
suitable  plaster-of-Paris  dressing.     Excision  of  the  astragalus  is  not  often  required. 

In  case  of  comminuted  fracture  as  a  complication,  as  shown  by  the  .r-ray,  it 
may  in  the  judgment  of  the  surgeon  be  preferable  to  open  the  joint  primarily  and 
remove  the  loose  fragments — of  course,  closing  the  joint  under  the  strictest  asepsis. 

In  old  unreduced  dislocations  there  are  great  deformity  and  great  functional 
disability,  and  after  partially  successful  reductions  there  are  apt  to  be  pain  and 
limping.  In  such  cases  attempts  at  reduction  may  legitimately  be  made  under 
an  ana-sthetic,  and  they  have  succeeded,  in  reported  cases,  after  some  months. 
If  reduction  is  not  effected  either  in  fresh  cases  or  in  okl,  operative  reduction 
may  be  tried  or  resection  of  the  astragalus  performed.  It  should  be  remembered, 
however,  that  ankylosing  adhesions  in  the  ankle,  even  when  they  have  existed 
for  several  months,  will  gradually,  as  a  result  of  the  exercise  of  walking,  give 
way  and  some  tlegi'ce  of  motion  be  restored.  Furthermore,  the  other  joints  of 
the  tarsus  gradually  increase  their  range  of  motion  to  compensate  for  loss  of 
ankle  motion,  especially  in  young  peojile.  A  small  range  of  motion  between 
astragalus  and  tibia  markedly  lessens  the  limp  of  ankylosis  and  gives  a  better 
foot  than  where  the  astragalus  is  removed. 

By  dislocation  upward  is  somewhat  inaccurately  designated  the  rare  de- 
formity wliich  results  when  from  a  fall  i\\c  tibio-fibular  ligaments  are  torn  and 
vol..  IV. — 7 
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the  tibia  is  thrown  forward  ami  the  fibula  backward,  the  a-straf^alus  being  forced 
upwartl  b('tween  tlie  two.  Sargent  {Lancet,  1903,  II.)  reported  a  typical  case 
caused  by  exaggei-atcd  dorsal  flexion,  the  wider  anterior  portion  of  the  astragalus 
forcing  the  niaileoli  .Hpart.  Tiie  foot  was  firmly  fixed  in  its  new  position.  Re- 
duction was  easy  by  simple  traction  under  anu'sthesia.  Massage  and  pa.ssive 
motion  were  liegun  on  the  third  day,  and  after  three  weeks  the  patient  could 
walk  with  but  little  liniji.     Recovery  was  complete. 

Subastragaloid  Dislocation.  The  most  important  dislocation  within  the 
the  tarsus  itself  is  the  so-called  dislocation  beneath  the  astragalus  or  subastrag- 
aloid dislocation  (llixatio  sub  talo).  It  would  .seem  that  the  same  sort  of  forces 
which  in  one  case  will  produce  a  Pott's  fracture,  in  a  second  a  dislocation  of  the 
foot,  will,  in  a  third  case,  produce  dislocation  beneath  the  astragalus  (subas- 
tragaloid dislocation).  Minute  differences  as  regards  the  point  of  application 
and  the  direction  of  the  dislocating  force,  and  the  changes  in  them  during  their 
time  of  action,  must  account  for  such  clinical  differences. 

Broca  first  gathered  these  cases  together  in  1852,  and  since  then  a  large 
number  of  cases  have  been  reported.  Henke  described  four  typical  forms  of 
subastragaloid  dislocation — the  result  of  forced  adduction,  abduction,  plantar  flex- 
ion, and  dorsal  flexion  respectively.  Trendel  collected  eighty  cases  up  to  1905. 
{Beit.  z.  liin.  Chir.,  XLV.)  Of  these,  forty-six  were  lateral,  five  forward,  two 
backward,  and  fourteen  oblique.  Baumgaertner  and  Huguier  {Rev.  de  Chir., 
XXVI.,  p.  230)  collected  eighty-cases,  of  which  twenty-four  were  complicated 
by  fracture. 

These  dislocations  are  all  the  result  of  severe  force  and  are  not  infreciucntly 
compound.  Baumgaertner  and  Huguier  {Revue  de  Chir.,  19()())  figure  several  typi- 
cal cases,  giving  radiographs  which  show  the  relations  of  the  various  bones. 
Exaggerated  abduction  causes  the  calcaneus  to  roll  outward  on  the  outer  edge 
of  the  astragalus,  tearing  the  interosseous  ligaments  to  a  greater  or  less  extent. 
The  limit  of  rotation  in  the  astragalo-scajshoid  joint  being  reached,  its  capsule 
is  torn  and  the  foot,  all  but  the  astragalus,  is  forced  outward  and  laackward. 
Clinically  the  foot  has  the  appearance  of  a  severe  case  of  flat-foot :  it  is  everted 
and  the  astragalus  makes  a  marked  Ijulging  on  the  inner  side  in  front. 

Similarly,  exaggerated  adduction  causes  the  calcaneus  to  tilt  on  the  tip  of 
the  sustentaculum  tali  until  the  interosseous  ligaments  give  way,  wdien  dis- 
placement inwaril  takes  ]jlace.  The  foot  resembles  a  ckdj-foot,  is  adducted  and 
flexed,  and  the  astragalus  appears  as  a  bulging  on  the  outer  side.  Not  infre- 
quently the  neck  of  the  astragalus  is  broken.  (Trendel,  loc.  cit.,  and  Luxem- 
bourg, Deutsche  Zeit.  /.  Chir.,  LXXXVL,  p.  127.)     (Fig.  Gl.) 

In  either  of  these  dislocations  the  scaphoid  may  be  left  on  the  astragalus,  and 
the  separation  in  front  be  between  the  scaphoid  and  the  cuneiform  bones,  though 
this  is  the  exception.  This  dislocation  has  been  described  as  dislocation  of  the 
foot  below  the  scaphoid. 
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Di^ilocations  forward  and  backward  below  the  astragalus  occur  as  the  result 
of  dorsal  and  plantar  flexion  respectively.  In  deformit}'  they  resemble  the  cor- 
responding dislocation  above  the  astragalus,  but  differ  strikingly  in  that  they  per- 
mit a  considerable  degree  of  Hoxion  and  extension.  Carefvd  palpation  will  .show 
the  positions  of  the  bony  prominences. 

Treatment. — Reduction  of  the  lateral  dislocations  is  to  be  made  with  the  knee 
tlcxcd,  to  relax  the  tendo  Achillis,  and  by  forcible  adduction  in  outwartl  dislo- 
cations and  abduction  in  inward,  with  traction  on  the  foot,  while  the  parts  are 
being  pressed  into  position  with  the  lingers.  Because  of  the  Irregidarities  of  the 
under  surface  of  tlie  astragalus  and  the  upper  surface  of  the  calcaneus,  perfect 
adjustment  is  difficult  to  secure,  and  if  not  secured  the  functional  result  will  not 
be  satisfactory.  luids  of  torn  ligaments,  fringes  of  capsules,  etc.,  may  be  inter- 
posed. The  .r-ray  is  the  best  means  of  detecting  minor  degrees  of  displacement. 
In  dislocations  inward  and  backward  Malgaigne  atlvised  forcible  extension  of  the 
foot,  but  Quenu  has  shown  (Bull,  de  la  Soc.  de  Chir.,  1894,  ]).  130)  that  portions 
of  the  annidar  ligament,  slipping  Ijeneath  the  head  of  the  astragalus,  may  make 
I'cduction  inipossiltle  except  by  forced  flexion.  Baumgaertner  and  Huguier,  on 
the  l)asis  of  experiments  on  the  cadaver,  have  shown  that  there  are  two  classes  of 
such  dislocations — one  which  can  be  reduced  by  extension,  the  others  liy  flexion. 

Dislocation  in  the  medio-tar.sal  (Chopart's)  joint  is  exceedingly  rare.  In 
fact  its  (existence  has  been  denied  altogether.     Broca  thought  it  impossible  on 


Fig.  57. — Dislocation  of  the  .Astragalus  Forwanl  and  Outwanl.      (.\ftcr  I  cjars.) 

anatomical  grounds.  There  have  been  reported,  however,  a  few  cases  which 
definitely  establish  this  dislocation  as  a  clinical  entity.  (Fuhr,  Muench.  med. 
^yoch.,  1892.)  Morian  (Deutsche  Zeit.  /.  Chir.,  LXXXVI.,  p.  117)  succeeded 
in  collecting  ten  eases  from  the  literature,  and  reporte<l  one  case  of  isolated  dis- 
location of  the  astragalo-scaphoid  joint  which  he  himself  had  observed.  (Fig.  62.) 
The  anterior  part  of  the  foot  may  be  dislocated  outward  or  inward.  '1  he  de- 
formity is  much  like  that  of  the  dislocation  below  the  astragalus,  but  is  differen- 
tiated therefrom  by  the  ]mli)ability  of  the  rounded  end  of  the  astragalus  and 
the  changed  relations  of  the  os  calcis  and  cuboid. 
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Dislocations  of  Ir^dividual  Tarsal  Bones. — Isolated  dislofations  of  many 
of  llic  tarsal  liuiics  lia\c  liccii  dc-ci-ilicd,  hut,  of  these,  dislocation  of  the  astra- 
galus is  at  once  the  iiKist  friMjucut  and  the  most  important. 

'I'lic  hiiiic  iiK,\-  lie  fnrccd  (iiil  from  Ix'l Ween  the  os  {■alci>  and  tlictiliia,  more 
fre(|U(  iilly  fdrw.u'd.  hut  orcasionally  hai'kwaid.  'Ilic  furwai'd  di>locatioii  is  the 
result  of  excessive  ])lantar  flexion,  proljahly  with  addi'd  thrust,  lleiike  con- 
pidered  that  this  dislocation  was  ])rohahly  the  result  (if  a  c(iiiihination  of  forces, 
one  of  which  would  cause  dislocation  of  the  foot  forwai'd.  while  the  other 
vould  cause  a  dislocation  of  the  astragalus  laterally. 

In  the  forward  dislocation  the  asti'a^'alus  is  sometimes  found  pushed  over 
to  the  inner  side  of  the  median  line  of  the  foot,  but  more  fre(|uently  to  the  outer. 
The  head  of  the  astragalus  may  he  caught  behind  the  tendon  of  the  tibialis  anti- 
eus,  and  this,  in  some  cases,  has  interfered  with  reduction. 

The  dislocation  of  the  astragalus  backward  is  the  result  oi  excessive  dorsal 
flexion  with  added  thrust  in  which  the  anterior  edge  of  the  articular  surface  of 


Fig.  58. — Dislocation  of  tlie  Body  of  tlie  Astragalii.s  Backward,  with  Fracture  of  tlie  Neck. 
(Roentgen  Department  of  Lane  Hospital,  San  Francisco.) 

the  tibia  im])inges  sharply  on  the  neck  of  the  astragalus.  More  often  than  not 
it  cuts  it  apart  as  would  a  cleaver,  the  body  of  the  astragalus  being  forced  out  of 
the  joint  posteriorly  and  to  the  inner  side  of  the  tendo  Achillis,  while  the  head  of 
the  bone  remains  in  place.  It  is  a  question  whether  this  injury  should  not  be 
classed  with  fractures  rather  than  with  dislocations.  In  some  cases  the  body 
of  the  astragalus  is  more  or  less  comminuted,  and  the  tibia  then  rests,  not  on  the 
upper  surface  of  the  os  calcis,  but  on  the  crushed  fragment,  as  occurred  in  one 
of  the  two  cases  observed  by  the  writer.     (Fig.  59.) 

More  rarely  the  astragulas  has  been  rotated  in  place  about  a  transverse  axis 
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or  about  an  aiitcro-po.'-trnor  axi?;, 
as  is  shown  in  a  case  reported  by 
Sehlagintwcit  (Deutsche  Zeit.  j. 
Chir..  1907).  fFig.  fiO.)  The  up- 
])er  svu-face  nf  the  astragahis  lies 
on  tlie  OS  cali'is  and  the  eul)oi(L 
Isolated  dislocation  of  the  as- 
tragalus is  the  result  of  se\'ere 
violence  and  may  be  compound. 

In  the  treatment,  success  has 
followed  efforts  at  reduction  in 
perhaps  half  of  the  cases.  The 
tendo  ,\chiUis  being  relaxed  In- 
flexion of  the  knee,  and  strong 
traction  being  made  on  the  foot, 
the  astragalus  can  often  l)e  re- 
placed l)y  finger  pressure.  In 
compound  dislocations  the  bone 
should  be  I'eplaced  unless  too 
completely  stri]ii>ed  of  its  attach- 
ments to  permit  it  to  li\-e.  Chips 
and  loose  fragments  of  bone  or 
cartilage  should  be  removed.     In  case  of  failure  to  reduce  the  dislocation  by 

mani;;u]ation  under  an  anaes- 
thetic, reduction  may  be  made 
through  an  incision,  and,  in 
the  absence  of  infection,  this 
will  give  a  Ijettei-  foot  than 
is  obtainable  by  removal  of 
the  astragalus.  In  the  case  of 
Sclilagintweit  (Fig.  60)  reduc- 
tion was  effected  through  an 
inc'ision  on  the  outer  side  be- 
tween the  peroneal  and  the  exten- 
sor tendons  antl  gave  an  excellent 
result,  with  good  ankle  motion. 

Thecaseshown  in  Fig. 59,  ;uul 
a  similar  case  of  posterior  disloca- 
tion of  the  astragalus  with  cleav- 
age fracture  of  the  neck,  were 
operated  upon  by  the  writer.  In 
one    the  displaced   fragment   of 


I'ui.  .7.1. —  nisloration  of  the  Body  of  the  .\stragahis 
Backward,  wiUi  Fracture  of  tlie  Neck.  (Rucntgeri  Uv- 
partmcnt  of  Lane  Ilo.spital.  San  Francisco.) 


Fig.    60. — Complete    Inversion   of   -Astragalus   about   an 
Antero-posterior  .Axis.     (After  Sclilagintweit.) 
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hone  was  roinovcd,  ainl  in  llir  ollici'  it  was  I'l'jilaccil  and  sulurt'd  wiili  tine 
silver  wire  to  the  head.  Tlir  I'uiidiDnal  result  in  Imtli  cases  was  excellent; 
in  the  pecotid  the  foot  ajjijcared  nnniial  in  I'diin. 

As  regards  the  relative  freciuency  witli  which  the  different  hones  of  the 
tarsus  undergo  dislocation,  the  scaphoid  (navicular),  of  which  the  displacement 
may  bo  complete  or  incomplete,  stands  next  in  order  to  the  astragalus,  ("apil- 
lery  and  Ferron  re|)ort  a  recent  case  in  the  Revue  de  Chirurgie  tmd  quote  one  by 

AValker  (Med.  Examiner, 
iN.'il  1.  The  dislocation 
may  lie  inwai'd  or  upward. 
In  \\  alkei-'s  case,  which 
was  recent,  reduction  was 
accomplished  by  digital 
pressure  after  strong  plan- 
tar flexion  had  lieen  made. 
The  bone  was  held  in  place 
l)y  means  of  bandages,  and 
the  final  result  was  a  foot 
without  deforniityantl  with 
|)erfect  function.  In  the 
case  of  C'a])illery  and  Fer- 
ron reduction  was  not  se- 
cured, and  the  patient, 
refusing  excision,  was  dis- 
missed. A  year  and  a  half 
later  he  was  again  exam- 
ined: the  notch  beneath 
the  dislocated  navicular 
was  a  little  wider;  and, 
although  there  was  some 
limitation  of  motion  at  the 
ankle,  he  walked  without 
a  limp.  Eichel  {Deutsche 
Zcit.  /.  riiir.,  19U7)  col- 
lected nine  cases  of  dislo- 
cation of  the  navicular  in  which  the  diagnosis  was  established  without  question. 
The  three  cuneiform  bones  have  been  dislocated,  as  have  the  calcaneus 
and  also  the  culioid.  Accordhig  to  Cahier*  all  three  cuneiform  bones  or  only 
the  two  external  may  be  dislocatetl  simultaneously;  or  else  either  the  internal 
or  the  middle  may  alone  be  displaced.     In  a  case  of  the  first  \-ariety  which 

*"  Lesions  traumatiques  ties  .Articulations,"  in  vol.  iii.  of  Le  Dentu  and  Delbet's  "Traitede 
C'hirurgie  clinique  et  operatoire,"  Paris,  1896. 


Fig.  61. — Subastragaloii.1  Dislocatidn  l^ackward  antl  <3nt\vanl. 
with  Fracture  of  tlie  Neclv  of  the  AstragaUis.  (.\fter  Luxem- 
bourg.) 
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came  under  the  observation  of  Montoggia  and  Malgaigne,  the  three  bones  were 
found  lying  on  the  dorsum  of  tlie  foot.  RetUiction  was  effected  by  applying 
extension  to  the  toes,  while  the  leg  and  heel  were  held  firmly,  and  making 
direct  pressure  upon  the  mass  of  displacetl  bones.  Rey  experienced  no  dif- 
ficulty in  reducing  a  dislocation  of  the  middle  and  external  cuneiform  bones, 
but  Walkei-,  in  a  somewhat  similar  case,  fouml  it  necessary,  owing  to  the  fact 
that  both  of  the  bones  had  undergone  a  movement  of  rotation  about  their 
transverse  axes,  to  remove  them  entirely.  Paulet  and  Chauvel  have  collected 
the  records  of  eleven  cases  of  dislocation  of  the  niternal  cuneiform  bone:  in 
four  of  them  the  displacement  was  upward,  in  fom'  others  it  was  inward,  and 
in  three  it  was  do\Miward  and  inward.     Delorme  has  collected  the  records  of 


Fig.  62. — Dislocation  Inward  in  the  .\stragaIo-Sc-aplioid  Joint,      {.\fter  Morian.) 


three  cases  (Lagarde,  Laugier,  Folker)  in  which  the  middle  cuneiform  bone 
was  dislocated  upward.  Complete  reduction  was  effected  in  only  one  of  these 
cases  by  simple  direct  pressure  upon  the  (lis])laced  pai't  in  combination  with 
flexion  of  the  foot  and  extension  of  the  toes.  Cahier  adds  that,  whenever  it  is 
not  found  possible  to  reduce  the  deformity  by  the  simple  manipulations  just 
mentioned,  no  hesitation  should  be  felt  about  extirpating  the  projecting  mass 
of  Ijone  by  operative  interference. 

Dislocations  of  the  Metatarsus  and  of  the  Toes. — The  metatarsal  bones 
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have  rarely  Ijeeii  observed  in  disloealioii.  A  few  eases  have  been  reported  of 
dislocation  of  the  metatarsus  as  a  whole  on  the  dorsum  of  the  tarsus  or  to  the 
innei'  side,  ;is  well  as  eases  of  isolate(l  disloeation  of  one  or  srvcrid  of  the  metatarsal 
bones.  I'ln'  diagnosis  is  to  he  based  on  tlic  ]ii-rscnee  of  |ial)iable  displace- 
ment, though  it  is  not  possible  always  to  exclude  IVactui-c.  'the  .r-ray  is  of 
determining  valu(\ 

Reduction  has  been  effected  In- traction  on  the  displaced  part  and  by  direct 
pi'essure,  as  circumstances  re(|uire.  The  foot  should  l)c  supported  in  plastei'-of- 
Paris  dressing. 

The  dislocations  of  the  toes  follow  much  the  same  histoiy  as  do  dislocations  of 
the  fingers,  but  the  deficient  state  of  development  of  the  phalanges  of  the  toes  and 


Fig.  63. — Dislocation  of  tlie  Navicular  l'p\\ar(.l  ami  Inwanl.      (.\ftcr  l-^iclicl.) 


the  resulting  loose  joints  make  dislocations  common  or  even  habitual,  but  make 
reduction  correspondingly  easy.  Dislocations  of  the  great  toe  are  the  most 
important  and  are  comparable  to  corresponding  dislocations  of  the  thumb. 
(See  page  68.)  The  dorsal  dislocation  is  to  be  reduced  by  exaggerating  the 
dorsal  flexion  and  making  traction  parallel  to  the  sliaft  of  the  metatarsal,  and 
afterward  circumduction  or  flexion.  Klaussner  (Deutsche  Zeit.  /.  Chir.,  1907) 
has  collected  a  number  of  cases  of  dislocations  of  the  to3S,  adding  to  the  statistics 
of  Baermann,  Garnicr,  and  HofTa. 


PART  XIV. 
OPERATIVE    SURGERY. 


INFLUENCES  AND  CONDITIONS  WHICH   SHOULD 

BE  TAKEN  INTO  ACCOimT  BEFORE  ONE 

DECIDES  TO  OPERATE. 

By  CHARLES  B.  G.  DE  NANCREDE,  M.D.,  Ann  Arbor,  Michujmi. 


By  purtiuing  certain  lines  of  investigation  and  by  skilfully  Ijalancing  the 
probabilities  for  or  against  a  given  course  of  procedure,  the  surgeon  can  arrive 
at  practical  certainty  as  to  whether  a  patient  will  be  able  to  survive  a  given 
operation;  can  decide  whether  an  organ  or  a  part  is  more  likely,  after  a  par- 
ticular hitervention,  to  recover  than  to  succumb;  whether  systems  or  organs 
upon  whose  efficient  fimctioning  life  depends  can  or  cannot  be  called  upon  to 
perform  extra  work  with  safety  to  the  system,  organ,  or  individual;  whether 
unfavorable  conditions  can  be  amended,  or,  if  they  cannot,  whether  it  be  not 
advisable  for  him,  despite  the  unusual  risk  and  also  in  part  because  he  is  fore- 
warned, to  i}roceed;  and  whether  operative  success  may  not  be  better  attained, 
or  is  perhaps  only  possible,  by  doing  the  work  in  several  stages,  because  the 
patient  and  the  tissues  can  often  survive  repeated,  moderate  traumatisms, 
whereas  one  or  the  other  ^\^ll  perish  if  too  much  is  attempted  at  one  sitting. 
In  the  present  article  the  effort  will  be  made  to  supply  such  information  as  will 
enable  the  surgeon  to  decide  intelligently  the  cjuestions  already  propomided,  and 
others  of  associated  importance.  This  comprises  all  that  should  be  attempted 
when  one  endeavors  to  formulate  the  general  principles  governing  decisions  as 
to  what  constitutes  a  contra-indication  to  operations  in  general  or  an  operation 
in  particular.  The  decision  when  to  operate  and  when  not  to  operate  must 
de])end  u]5on  the  accjuisition  o*'  Iviiowledge  as  to  the  norm.al  or  abnormal  con- 
dition of  the  various  organs  and  systems;  and  also  upon  a  correct  estimate  of 
the  untoward  effects  upon  local  or  general  vital  resistance  which,  as  has  been 
showai  by  clinical  experience,  are  produced  by  the  ascertamed  variations  from 
the  normal.  Sometimes  other  factors  demand  full  consideration — such,  for 
example,  as  relate  to  the  patient,  the  capacity  of  the  surgeon,  the  probable 
outcome  of  operations  of  complaisance,  etc. 

Beyond  some  few  illustrations  which  will  be  given,  nothing  n:ore  can  be 

done;  otherwise  every  phase  of  every  surgical  condition,  including  the  varying 

conditions  of  patients  and    all  conceivable   com])lications,   would  have  to  be 

reviewed.     To  do  this  would  recjuire  the  compilation  of  a  work  including  the 

whole  of  operative  medicine.     No  hard  and  fast  rules  are  possible  whereby  the 

surgeon  can  unerringly  decide  for  or  against  operation  in  a  given  case. 
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Coiitni-iiulicalinns  to  special  opcnitioii.s  will  be  dealt  with  under  their  proper 
c:i])tions,  and,  I'oi-  these,  nioi'e  positive  rul(  s  are  ])erniissilile.  It  is  of  tiio  ut- 
inosl  iniporlance  to  dcteriiiine  Ihe  presence  (jI'  certain  systemic,  anatomical, 
or  personal  coiiditions  presently  tu  he  mentioned,  cunditidns  which  may  mili- 
tate against  Ihe  successful  tei'minalion  of  anj-  operation,  and  the  known  jji-es- 
cnce  of  which  may  enable  the  sm-geon  so  to  modify  his  technicjue  that  good 
results  may  be  secui-ed  despite  the  unfaxdrable  eondilions. 

The  A'asculai',  ner\dus,  pulmonary,  li;emopoietic,  exci-etoi-y,  and  gast''o- 
inte.stinal  conditions  which  may  uid'avoi'ably  influence  oj)erative  interven- 
tions will  all  in  tuiii  be  studied,  antl  the  i-eal  inijjoi-tanee  of  the  mooted  ques- 
tion of  age  will  be  carefully  considered. 

Anaesthesia. — No  operation  re(iuiring  the  employment  of  a  geneial  ana's- 
thetic  should  be  done  if  the  patient  has  recently  eaten  a  full  meal  of  solid  food 
or  has  partaken  freely  of  fluids  like  Ijeer,  until  the  stomach  shall  have  been 
em])tied,  either  by  an  emetic  or  by  means  of  the  stomach  tube,  as  the  risk  of 
inspiration  of  large  fragments  of  lV>od  or  quantities  of  fluid  cannot  1»  ignored. 
In  like  mannei-,  when  fecal  mattei-  is  ])resi'nt  in  the  stomach,  wen  an  operation 
for  intestinal  obstruction,  strangulated  hernia,  or  appendicitis  should  be  de- 
layed until  a  stomach  tube  can  be  introduced  into  the  organ  and  its  cavity 
thoroughly  washed  out.  This  jirecaution  will  both  obviate  drowning  by  in- 
spiration of  the  stomach  contents  and  will  diminish  the  chances  of  toxtemia 
and  pr-olonged  ^•omiting. 

The  administration  of  a  general  ana'sthetic  is  more  than  ordinarily  danger- 
ous when  only  one  recurrent  laryngeal  nerve  is  paralyzed;  and,  when  both 
nerves  are  partially  involved,  as  the}'  often  are  in  goitre,  the  danger  is  greatly 
increased,  for  the  paralysis  is  likel}'  then  to  become  complete  under  ansesthesia, 
i.e.,  inspiration  will  be  suddenly  airestcd.  Even  when  such  patients  take  the 
ana'sthetic  (juietly,  the  sudden  falling  back  of  the  head  when  the  patient  is 
lifted  upon  the  operating  table  will  sometimes  bi-ing  on  dangerous  interference 
with  respiration.  It  will  readily  be  understood  how  such  a  movement  of  the 
head  may  produce  this  effect,  when  it  is  I'emembei'cd  that  the  muscles  of  the 
neck,  thus  put  upon  the  stretch,  cause  the  goitrous  tumor  to  exert  a  danger- 
ous degree  of  pressure  upon  the  recurrent  nerves.  It  is  for  these  reasons  that 
in  some  cases  of  thyroidectomy  the  employment  of  local  auEesthesia  shoukl  be 
given  the  preference.  (See  also  the  article  on  "General  Anaesthetics"  in  the 
present  volume.) 

The  Environment. — Umler  the  caption  of  environment,  inadequate  prepa- 
ration of  the  patient  and  the  field  of  operation  can  best  be  considered.  The 
environment  of  both  patient  and  sui'geon  is  worthy  of  most  careful  considera- 
tion. For  example,  take  a  penetrating  bullet  wound  of  the  abdomen  received 
in  civil  life.  The  j^atient  is  usually  within  reach  of  a  well-ecjuipped  hospital 
with  all  the  means  of  securing  asepsis,  efficient  nurses,  good  assistants,  and 
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often  an  exceptionally  experienced  surgeon.  The  patient  is  seen  only  a  short 
time  after  being  injured,  before  serious  extravasation  of  the  contents  of  any 
wounded  hollow  viscus  has  taken  place,  or  severe  intra-abdominal  loss  of  blood 
has  occurred.  Under  such  circumstances,  with  tlie  presumable  character  of 
the  visceral  wounds  inflicted  by  a  soft-leatl  Ijall,  and  the  strong  jjrobability 
that  the  missile  has  carried  in  fragments  of  infected  clothing,  an  imperative 
necessity  exists  for  exploration  of  the  ball  tract  by  the  laiife,  not  the  probe,  and, 
peritoneal  perforation  having  been  demonstrated,  a  laparotomy  is  demanded. 
The  probable  success  of  such  inter\-ention  is  great,  much  greater  than  can  be 
secured  by  delay,  wliich  often  can  only  culminate  fatally.  It  is,  however, 
wise  to  consider  the  conditions  usually  obtaining  at  the  dressing  or  ambulance 
station  on  the  battle-field,  where  the  jiossibility  of  securing  proper  asepsis, 
assistance,  and  a  skilled  operator  is  more  doubtful.  Jloreover,  there  are, 
at  such  a  station,  numerous  pressing  ca.ses,  in  which  inmiediate  attention  will 
certainly  avail,  while  in  that  of  the  abdominal  injui'y  it  may  eventually  be 
found  that  a  laj)arotomy  was  really  not  al)solutely  needed,  or  the  oj)eration 
may  jirove  ineffective  even  when  indicated.  Then  again,  even  if  the  patient 
should  be  carried  to  a  field  hospital,  the  probabilities  are  that,  Ijy  the  time 
when  it  is  possible  to  perform  the  operation,  the  special  benefit  belonging  to  an 
early  laparotomy — i.e.,  the  prevention  of  infection  and  the  arrest  of  serious 
bleeding  before  fatal  effusion  shall  have  occurretl — will  no  longer  be  obtain- 
able. Similar  conditions  often  exist  in  civil  jjractice,  as  when  the  patient's 
environment  is  such  that  he  cannot  receive  adequate  attention,  and  when 
peritonitis  has  been  permitted  to  gain  considerable  headway.  Wiile  no  en- 
\ir()niiu'nt  need  necessarily  deter  an  expert,  unfavorable  environment  often 
serves  to  hold  even  such  a  one  back  from  operating,  except  in  the  presence 
of  serious  internal  hemorrhage.  The  ^\Titcr  does  not  deny  that  in  exceptional 
cases  success  is  attained  by  operating  for  abdominal  gunshot  wounds  under  the 
most  un]>romising  conditions.  It  is  urged,  however,  that,  except  when  the  patient 
seems  in  tlanger  of  jaerishing  from  a  serious  hemorrhage  unless  an  immediate 
operation  be  [lerformed,  it  is  rarely  possible  to  do  any  good  by  a  hasty  lajja- 
rotomy,  especially  if  the  operator  lack  experience,  if  adequate  assistance  cannot 
be  secured,  and  if  the  environment  be  unfavorable  in  other  respects;  and  the 
contra-indications  assume  an  almost  positive  character  if  there  is  reason  to 
believe  that  the  time  for  preventive  laparotomy  has  passed  by. 

Some  cases  of  visceral  woimds,  especially  from  jacketed  bullets,  will  recover 
by  nature's  efforts,  while,  if  a  late  operation  be  attempted,  there  is  danger 
that  protective  adhesions  will  be  broken  up  and  that  infective  material  vvill  be 
widely  distributed ;  in  other  words,  that  nothing  but  harm  will  result  from  the 
interference.  Other  illustrations  of  the  contra-indications  resulting  from  en- 
vironment will  be  furnished  later. 

Although  emergency  abdominal  and  cranial  operations  are  often  successfully 
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ppiformed,  in  the  absence  of  what  is  usually  considered  adequate  preparation 
of  the  patient  and  the  field  of  operation,  no  one  will  maintain  that,  when 
possible,  especial  cai'e  should  not  be  exercised  in  this  class,  or  indeed  in  any 
class,  of  cases.  Those  who  i-arely  have  a  fatality  except  from  .shock  or  hemor- 
rhage are  those  who  expend  most  time  and  care  upon  these  points,  especially 
when  intracranial  opei'ations  are  concerneil.  Wien  proposing  to  operate  for 
the  removal  of  a  brain  tumor,  for  the  relief  oi  ei)ilepsy,  etc.,  at  least  forty-eight 
hours  are  required  to  lender  the  scalp  fairly  aseptic,  and  in  the  case  of  ab- 
dominal operations  it  is  better  to  Ijegin  the  local  preparations  the  day  before. 
Those  who  have  had  an  extensive  experience  with  breast  amputations  recog- 
nize that  inadequate  disinfection  of  the  axilla  usually  results  in  most  serious 
infection  of  the  wound.  This  is  due  to  the  presence,  in  this  locahty,  of  a  large 
number  of  sebaceous  glands,  which  render  the  ])arts  so  greasy  as  to  make 
mechanical  removal  of  germs  difficult  and  to  render  inert  such  germicidal  sub- 
stances as  mercuric  bichloride.  If  a  surgeon  who  has  operated  under  both 
modes  of  procedure  will  compare  the  results  obtained  under  the  eai'lier  regime, 
with  those  which  he  now  secures  after  thoroughly  sterilizing  the  axilla  as  well 
as  the  immediate  field  of  operation,  he  will  readily  become  convinced  of  the 
advantages  of  a  painstaking  effort  to  obtain  asepsis.  Excejitional  skill,  ample 
assistance,  and  a  favorable  condition  of  the  patient  apparently  sometimes 
disprove  the  statements  just  made,  but  "exceptions  only  prove  the  rule."  The 
inability  to  secure  proper  preparation  of  the  field  of  ojx'ration  should  in  many 
instances  be  at  least  a  tenqiorary  conti'a-indication  to  operation. 

The  Personal  Qualifications  of  the  Operator  and  Assistants.— There 
are  certain  ojjcrations  which  demand  unusual  mechanical  dexterity  and,  even 
more  than  this,  a  large  experience  in  general  surgical  work.  These  qualifica- 
tions render  an  operator  resourceful  in  expedients  to  overcome  unforeseen  dif- 
ficulties. Such  operations  should  not  be  attemjjted  by  one  who  lacks  experi- 
ence, especially  as  they  nearly  always  may  be  deferred  miiil  a  competent 
surgeon  can  be  secured.  Still  further,  if  the  operator  be  inexperienced,  the 
contra-indication  is  rendered  more  imperative  if  there  be  at  the  same  time  a 
lack  of  skilful  and  experienced  assistants.  Tlie  ease  and  certainty  with  which 
the  most  difficult  operations  are  completed  by  the  experienced  operator, 
when  aided  by  skilled  assistants,  stand  in  marked  contrast  with  the  partial 
or  complete  failure  which  is  apt  to  lesult  when  the  opposite  conditions 
prevail.  It  is  not  maintained  that  only  experts  in  a  given  class  of  opera- 
tions are  able  to  perform  them  satisfactorily,  although  it  is  desirable,  when 
possible,  to  obtain  the  services  of  such  men;  but  it  is  contendetl  that  a  man 
who  attempts  a  new  and  troublesome  operation  should  have  had  sufficient 
experience  in  other  classes  of  operative  cases  to  fit  him  to  deal  with  unexpected 
obstacles,  and  that  he  should  be  so  nuich  a  master  of  operative  technique  that, 
without  specific  knowledge  of  how  others  have  coped  with  difficulties,  he  may 
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be  able  promptl}-  to  recognize  in  what  respects  the  expedients  wliich  he  has 
been  wont  to  employ  in  analogous  emergencies  in  other  kinds  of  operations 
should  l)e  nullified  in  order  successfully  to  cope  with  tlie  new  conditions.  In 
other  words,  he  should  have  demonstrated,  by  repeated  victories  over  difficul- 
ties, that  if  he  meets  with  new  ones  he  will  be  able  to  overcome  them:  or  el.se 
he  should  withhold  his  hand.  Uncjuestionably  surgery  and  humanity  would 
both  profit  if  this  kind  of  contra-indication  were  more  generally  recognized. 

Operating  in  Two  or  More  Stages. — Although  it  Anil  be  impossible  to 
indicate  specifically  all  instances  where  comjileting  an  oi)eration  in  one  sitting 
is  contra-indicated,  a  few  examples  can  be  giM'U  which  should  serve  as  a  guide 
to  any  operator  who  possesses,  to  a  moderate  degree,  surgical  instinct.  There 
may  arise,  dui-ing  almost  any  operation,  circumstances  which  contra-iiidicate 
further  interference,  and  it  should  be  distinctly  understood  that  it  is  good  sur- 
gical practice  to  have  "a  living  patient  rather  than  an  ideally  complete  opera- 
tion.'' Various  conditions  have  been  generally  accepted  by  surgeons  as  con- 
tra-indications  to  complethig  an  operation  at  one  sitting,  and  some  of  these 
will  be  mentioned  here.  For  example,  it  has  long  been  recognized  in  plastic 
work  that  the  attempt  to  slide  flaps  too  far  will  often  result  in  their  failure  to 
unite,  or  will  lead  to  necrosis  of  the  stretched  parts:  while,  on  the  other  hand, 
if  they  are  shifted  only  a  moderate  distance,  they  will  live  and  will  unite  with 
the  deeper  parts,  and  may  then  be  successfully  slid  further  at  subsequent  op- 
erations, until  finally  an  ideal  I'esult  is  secured  instead  of  a  failure.  Again,  if 
a  hver  abscess  occujjying  the  upper  surface  of  the  liver  has  to  be  dealt  with, 
it  is  sometimes  impossible  to  reach  it  except  through  the  diaphragm,  thus 
opening  the  pleural  cavity.  Under  these  circiunstances  infection  of  the  serous 
membrane  can  be  avoided  by  one  of  two  procedures,  viz.,  by  jjrimary  suturuig 
of  the  parietal  pleura  to  the  diaphragmatic  pleura,  thus  shutting  off  the  thoracic 
caxity;  or,  where  this  is  impos.sible,  or  not  likely  to  prove  secure,  by  the  use  of 
a  tamponade  for  as  long  a  time  as  possible,  to  secure  occlusion  b}'  the  forma- 
tion of  adhesions,  when  the  pus  can  be  safely  evacuated.  A  similar  procedure 
can  sometimes  lie  adopted  when  the  abscess  has  to  be  opened  through  the  peri- 
toneal ca\'ity.  Lung  abscesses  without  adhesions  between  the  parietal  and 
pulmonary  jjleura"  can  be  handled  safely  Ijy  the  t^-o-stage  operation;  and  the 
same  mode  of  jjrocedure  may  be  employed  for  the  extraction  of  lodged  foreign 
l)odies.  In  patients  much  reduced  in  vigor,  empyemata  are  often  best  treated 
by  intercostal  incision  and  drainage  until  such  time  as  they  are  able  to  bear 
thoracoplasty.  Moreover,  the  area  of  the  thoracic  walls  which  must  be  ren- 
dered flexible  can  be  better  determined  by  the  extent  to  which  the  cavity  has 
been  obliterated,  after  the  lapse  of  time  requisite  to  fit  the  patient  for  the  major 
operation. 

Another  example  of  the  wisdom  of  doing  the  woi'k  in  two  stages  is  furnished 
by  the  operation  for  extirpating  the  semilunar  ganglion.  In  this  operation  the 
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hcuiorrliagc  is  soinetiiucs  si»  jjiofusc  as  rillicr  to  ('udaiigcr  the  iiaticiil's  litV  or 
to  obscure  the  field  of  openitioii  to  siicli  a  degree  tliat  tlie  ]>r()e('dure  caimot 
safely  he  completed.  I'lidei'  such  circiiiiistances  the  opcralion  may  he  st()p])ed 
and  the  wound  tamponed.  After  the  lapse  of  several  days  it  will  he  practi- 
cable to  remove  the  ganglion  without  further  hemoirhage  of  any  moment.  In 
many  other  classes  of  cases  in  ^xhich  tlu>  occuiicncc  of  hemorrhage  requires 
tamp(jnade,  or  in  which  there  is  some  doubt  as  to  the  completeness  of  the 
asepsis,  it  is  impossible,  or  unwise,  to  attemjjt  to  secure  ])i'imary  union.  Under 
such  circimistances  one  may  resort  later  to  "secondary  suture,"  by  mcvans  of 
which  healing  may  often  be  secured  ciuite  as  rapidly  as  in  cases  of  jiiimary 
suturing. 

In  some  cases  of  carcinoma  of  the  tongue  the  condition  of  the  patient  aj)- 
pears  to  forbid  removing  at  one  sitting  both  the  diseased  organ  and  the  second- 
ary growths  in  the  neck.  Under  these  circumstances  a  .secondary  operation 
can  be  done  later  with  excellent  results.  Indeed,  during  such  operations  con- 
ditions may  occasionally  arise,  even  in  the  robust,  which  should  induce  the 
prudent  surgeon  to  postpone  clearing  the  neck  to  some  future  time.  Although 
theoretically  such  operations  should  be  completed  at  one  sitting,  it  is  some- 
times better  to  postpone  theii'  completion  until  the  patient  has  rallied  from 
the  first  intervention.  In  some  jjrostatics  of  advanced  age,  with  seriously  in- 
fected bladders,  success  can  be  attamed  only  b}'  a  preliminary  drainage  of  the 
bladder  before  proceiling  to  remove  the  prostate. 

Medico-legal  Considerations. — The  absence  of  legal  consent  to  an  opera- 
tion at  times  serves  as  a  contra-iridication.  That  which  follows  is  the  opinion 
given  by  a  distinguished  lawyer;  the  sul)ject  will  be  fully  treated  in  Vol.  MIL; 

In  case  of  a  surgical  operation  upon  a  wife,  it  is  altmyfi  desirable  to  get  the  consent 
of  the  husband.  If  the  operation  is  a  dangerous  one  and  may  be  followed  by  dis- 
astrous results,  it  is  advisable  to  procure  the  husband's  coiLsent  if  it  can  be  done 
without  danger  to  the  patient  through  delay  necessary  for  that  purpose.  If  the 
operation  must  take  place  at  once  in  order  to  save  life  or  prevent  disastrous  results, 
and  there  is  no  time  for  getting  the  consent  of  the  husband,  the  ojjerator  may  un- 
doubtedly proceed  with  the  consent  of  the  wife  if  she  is  in  condition  to  give  consent. 
The  husband  cannot  arljitrarily  and  unreasonably  withhold  his  consent.  And  if  it 
is  apparent  that  an  operation  is  absolutely  necessary  and  the  wife  desires  it,  the 
operator  may  certainly  proceed  without  consent  of  the  husband.  A  husband  has 
no  right  to  imperil  the  life  of  his  wife  by  withholding  his  consent  to  an  operation 
if  it  is  apparent  that  it  should  take  ]ilace.  Consent  of  the  wife  to  an  operation 
upon  the  husband  is  not  ]3robably  necessary,  although  it  could  do  no  harm  to  ob- 
tain it,  and  if  it  can  be  done  without  special  trouble  it  is  advisable  that  it  be 
obtained. 

Ordinarily,  in  case  of  an  operation  upon  a  minor,  the  consent  of  the  parent  or 
guardian  should  be  obtained,  although  if  the  operation  is  necessary  and  consent 
cannot  readily  be  obtained,  and  if  the  minor  has  arrived  at  vears  of  discretion  and 
understanding,  his  consent  probably  would  be  regarded  as  sufficient. 
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Vascular  Apparatus. — The  briefest  stud}-  ut'  the  physiology  of  the  vascular 
apparatus  will  demonstrate  beyond  all  cavil  that  upon  its  integrity  depends 
much  of  the  success  or  failure  of  operations.  Upon  the  proper  maintenance 
of  nutrition  depends  not  only  health,  but  also  the  power  of  the  tissue  cells  suc- 
cessfully to  cope  with  an  invasion  of  the  germs  of  infection — either  by  prevent- 
ing them  from  securing  a  lodgment  in  the  body  or  by  gaining  the  final  victory 
over  them  after  they  have  secured  such  lodgment  and  ha\'c  beginr  to  multiply. 
Still  further,  upon  the  normal  nutrition  of  the  blood-making  and  digestive 
organs  one  must  rely  for  the  restoration  of  blood  losses  and  the  maintenance  of 
the  ciuahty  of  the  blood,  upon  both  of  which  depends  the  recovery  of  any  pa- 
tient who  is  subjected  to  exlrausting  and  prolonged  wound  discharges.  This 
depletion  occurs  after  certain  operations  in  spite  of  modern  wound  treatment. 
A  moment's  reflection  will  also  convince  one  that  proper  nutrition  depends  upon 
a  noi'mal  condition  of  the  vascular  supply  to  the  tissues. 

When  an  operation  interferes  much  with  the  direct  arterial  supply,  let  us 
say,  to  one  or  both  sides  of  the  brain,  as  in  ligation  of  one  or  both  common 
carotids,  or  entails  the  interruption  of  the  main  blood  supply  to  the  lower  ex- 
tremity, as  when  a  popliteal  aneurism  is  extirpated,  the  proper  nutrition  of 
the  brain  or  limb  respectively  will  depend  upon  the  rapidity  and  extent  of  the 
development  of  the  collateral  vessels.  The  readiness  with  which  this  develop- 
ment of  the  small  vessels  takes  place,  and  the  large  size  which  these  arterial 
channels  attain,  are  phenomena  which  depend  on  the  physical  conditions  of  the 
vascular  system.  If  they  are  to  occur,  the  collateral  vessels  should  either  re- 
tain their  normal  dilatability  under  increase  of  intravascular  pressure  or  they 
should  not  fall  far  short  of  this,  and  the  heart  muscle  should  also  possess 
normal  or  nearly  normal  power  of  supplying  a  vis  a  tergo,  thus  compelling 
the  vessels  to  dilate  to  a  sufficient  degree.  Conversely,  arteriosclerosis  with 
its  common  accompaniment,  a  related  change  in  the  heart  muscle,  too  often 
contributes  to  cerebral  softening  or  gangrene  of  the  limb  when  the  direct  ar- 
terial supjjly  is  interrupted.  A  just  estimate  of  the  inadec[uate  dilatability  of 
the  collateral  vessels,  in  the  class  of  cases  mentioned,  will  often  enable  the  surgeon 
to  secui-e  success,  or  at  least  to  avoid  disaster,  by  adopting  measures  which  take 
account  of  this  defect.  Thus,  for  example,  in  the  case  of  an  aneurism  it  is  wdse 
not  to  attempt  the  extirpation  of  the  aneurismal  sac,  for  fear  that  the  damage 
done  to  the  tissues  through  which  the  collateral  circulation  will  have  to  be  car- 
ried on  may  imperil  the  integiity  of  the  anastomosing  vessels.  Again,  in  low 
leg  amputations  for  senile  gangrene  a  recurrence  of  the  disease  is  the  I'ule, 
while  in  a  few  cases  the  limb  will  retain  its  \'itality  for  a  distance  below  the 
knee,  as  illustrated  by  attempts  at  spontaneous  separation  below  the  tubercle 
of  the  tibia.  In  such  cases  the  collateral  branches  anastomosing  with  the  pro- 
funda possess  sufficient  elasticity  to  admit  of  a  fair  blood  supply  to  the  tissues, 
and  an  amputation  below  the  knee  may,  therefore,  under  these  circumstances, 

VOL.  IV.— S 
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succeed.  Still  further,  it  tlie  liiiil)  is  reiiidxcd  :it  the  juiictidu  iif  the  lower 
and  iiiiddie  thirds  of  the  thigh  the  flai)s  will  usually  retain  their  vitality  and 
healing  \\ill  be  promptly  effected.  Thi.s  is  easily  explicable.  The  sclerosed 
vessels  are  often  throniljosed  as  high  uj)  as  the  groin,  or  the  ])opliteal  is  at  least 
blocked  throughout  the  whole  of  its  course;  hence  the  flaps  of  a  low  leg  anijiu- 
tation,  depending  for  their  nutrition  solely  upon  the  establishment  of  a  col- 
lateral circulation,  which  the  rigid  condition  of  the  small  vessels  ])revents,  pei- 
ish,  while  the  flaps  of  a  thigh  amjjutation  retain  their  vitality,  owing  to  th(! 
fact  that  they  receive  their  blood  sujiply  directly  from  the  patent  profunda  and 
its  branches.  The  question  whether  to  amputate  or  not,  in  cases  of  compound 
fracture  of  a  limb,  may  dejx'nd  more  uj^on  the  integrity  of  the  patient's  heart 
and  arteries  than  on  all  the  other  conditions  combined.  In  deciding  the  ques- 
tion of  amputation,  therefore,  in  cases  of  traumatism,  the  surgeon  should 
have  for  his  guiding  pi'inciple  the  adcquateness  of  the  blood  supply  to  the 
parts  distal  to  the  seat  of  the  open  (compound)  fracture.  If  all,  or  nearly 
all,  the  direct  artei'ial  su];i)ly  he  cut  off  l)y  occlusion  of  the  main  vessels, 
the  nutrition  of  the  member  will  be  supplied  solely  by  the  collateral  circula- 
tion. This  being  the  fact,  these  questions  present  themselves:  Are  the  soft 
tissues  which  contain  the  anastomosing  vessels  sufficiently  intact  to  serve 
the  purpose  of  furnishing  an  adequate  collateral  circulation?  and.  Is  the 
heart's  action  equal  to  the  purpose?  Should  there  be  any  doubt  in  regard  to 
these  matters  it  is  of  jirime  importance  to  ascertain  whether  or  not  the  estab- 
lishment of  a  proper  collateral  circulation  is  likely  to  be  interfered  with  through 
strangulation  of  the  anastomosing  vessels  by  inflammatory  exudate.  Hence 
the  further  importance  of  estimating  the  degree  of  prospective  infection.  If 
no  such  obstacles  to  the  establishment  of  a  collateral  circulation  are  hkely  to 
arise,  there  is  a  strong  probability  that  the  attempt  to  save  the  limb  will  suc- 
ceed. On  the  other  hand,  if  severe  inflammation  is  likely  to  develop,  it  may 
be  assumed  that  the  small  lilood-vessels  will  then  be  compressed  liy  the  inflam- 
matory exudate  and  that  gangrene  will  almost  certainly  occui-.  Under  these 
circumstances,  therefore,  amputation  would  prove  to  be  the  better  practice. 
Still  other  questions  are  likely  to  arise.  Will  the  damaged  tissues  receive  even 
enough  pabulum  to  limit  the  spread  of  the  infection,  so  that,  although  limited 
death  of  the  part  lesults,  somatic  death  may  be  avoided;  or  \\i\\  the  patient 
probably  succumb  to  the  systemic  infection  if  the  limb  be  not  removed?  If, 
in  a  given  instance,  all  the  preceding  queries  haA'e  been  fa^'orably  answered, 
there  will  still  remain  for  consideration  the  question.  Does  the  probable,  or 
even  the  certain,  futuie  degree  of  usefulness  of  the  member  warrant  the  neces- 
sarily greater  risk  to  life  of  so-called  conservatism  as  compared  with  amputa- 
tion? This  question  must  be  carefully  considered,  especially  where  much  bone 
has  already  been  destroyed  or  is  almost  sure  to  perish  from  a  severe  degree  of 
infection.     The   difficulty  of  maintaining   the  general   nutiition   in   the   very 
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young  or  the  very  old.  ]iailii-ulaily  when  proloiigdl  su])i)uratioii  follows  coii- 
h'crvativc  delay;  the  risk  of  indlongcd  confinement  in  the  case  of  the  aged:  the 
greater  necessity  of  saving  the  linil)  in  the  case  of  a  laboring  man  than  in  that  of 
a  well-to-do  person;  the  loss  of  time  anti  wages  entailed  in  preserving  a  crippled 
limb  for  a  laboring  man;  and  possibly  other  unfavorable  circumstances,  are  often 
significant  contributory  factors  in  deciding  for  or  against  amputation  for  injury. 

As  it  is  said,  "We  are  no  older  than  our  l)looil-vessels " ;  hence  the  influ- 
ence of  "old  age,"  from  the  operative  standpoint,  should  be  gauged  by  the  de- 
gree of  degenerative  changes  present  in  the  heart  and  aiteries.  Degenerative 
vascular  clianges  are  sometimes  present  to  an  extreme  degree  in  tliose  who 
have  not  yet  reached  middle  age.  Although  it  is  not  unusual  to  find  that  the 
blood-vessels  of  tho.se  of  advanced  years  have  undergone  serious  degeneration, 
still  such  changes  may  be  but  slightly  marked  in  the  old.  Arteriosclerosis 
causes  not  only  impaired  nutrition  and  con.sequent  loss  of  tissue-resistance, 
but  also,  directly  or  indirectly,  a  lessening  of  the  i)ower  to  regenerate  blood, 
which  latter  feature  often  renders  hemorrhage  dangerous  in  the  old.  Never- 
theless, many  ])atients  who  ai'e  old  in  years  have  ix'latively  young  vessels,  and 
their  powers  of  digestion  and  assimilation,  and  of  regenerating  blood,  are  pre- 
served. I'ndcr  such  conditions  the  elderly  patient  inaj'  prove  as  good  an  opera- 
tive lisk  as  a  man  of  twenty  years.  (See  article  on  "General  Surgical  Prog- 
nosis" in  \'ol.  I.) 

Infants  and  young  ehildri'u  do  not  bear  well  the  loss  of  blood.  During 
infancy  and  early  childhootl  the  l)lood-  and  tissue-regenerative  powers  are 
u.sually  adequate,  but,  after  comparatively  small  los.ses  of  blood,  shock  is  often 
marked  and  of  prolonged  diu'ation.  In  some  cases  death  may  even  follow, 
owing  mainly  to  the  fact  that  the  cerebro-spinal  and  the  vasomotor  systems, 
upon  whose  proper  functioning  life  depends,  are  deprived  of  adequate  pabu- 
lum for  so  long  a  period  of  time.  This  lethal  result  may  depend  in  part  on  the 
actual  lessening  of  the  Inilk  and  (juality  of  the  l)lood  by  the  hemorrhage,  and 
in  part  on  the  diversion  of  blood  into  the  capacious  abdominal  vessels,  enlarged 
to  their  fullest  capacity  through  vasomotor  paralysis.  (See  "Surgical  Shock," 
p.  463,  Vol.  I.)  It  must  therefore  be  remembered  that,  while  severe  losses  of 
blood  may  prove  serious  in  operations  ujion  individuals  of  all  ages,  these  losses 
are  specialh'  dangerous  in  the  case  of  the  very  young.  Consequently,  when 
there  is  a  choice  between  an  oi)eration  entailing  much  hemorrhage  and  one 
where  the  bleeding  will  be  slight,  the  latter  should  be  chosen  when  practicable, 
and  strict  precautions  should  be  taken  to  prevent  the  untoward  effects  of  the 
loss  of  blood  which  may  happen  during  the  selecteil  operation.  The  author 
has  seen  an  infant's  life  greatly  and  needlessly  im]ierilled  after  opeiation  lor 
uncomplicated  hare-lip,  from  uncontrolled  bleeding. 

The  Heart.— As  has  already  been  intimated,  chronic  myocarditis  and  its 
results  often  coincide  with  arterial  degeneration.     It  is  of  great  moment  to  the 
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pationt  iiiul  to  the  ivpututioti  of  (lie  profession  for  wisdom  Ihiit  tiic  unfavor- 
able influence  of  tliis  condition  l»e  properly  estimated,  not  only  because  of  its 
possible  effect  ujjon  the  result  of  liie  ojiei-ation  itself,  but  also  on  account  of 
the  increased  risk  attending  the  administration  of  a  general  ana'sthetic  to  a 
person  thus  affected.  It  is  under  circumstances  like  these  that  the  question  of 
employing  local,  infiltration,  or  spinal  ana'sthesia  can  be  properly  considered. 
Fatty  degeneration  of  the  heart  is  also  a  serious  condition,  and,  if  well  marked, 
should  be  viewed  as  a  contra-indication  to  any  operation  of  complaisance. 
It  is  only  when  the  indications  for  operative  interference  are  urgent  that  the 
surgeon  is  justified  in  disregarding  this  condition  of  the  organ;  and,  if  the  case 
is  one  in  wliicli  a  general  anEesthetic  must  he  employed,  chloroform  should  not 
be  selected.  (See  article  on  "General  Ana!sthetics"  in  this  volume.)  Changesin 
the  myocai'dium  which  are  well  compensated  and  which  are  not  associated  with 
imperfectly  performed  renal  functions  do  not  seem  to  influence  unfavorably  the 
course  of  a  carefully  administered  general  anaesthesia,  or  the  subsequent  well- 
being  of  the  [jatient.  Relatively  young  patients  who  have  structural  changes 
in  the  myocardium  and  also  arteriosclerosis,  and  who  have  at  the  same  time 
bronchitis  or  pulmonary  emjjhysema,  are  liable  to  serious  primary  or  secon- 
dary heart  failure  in  chloroform  narcosis.  In  this  class  of  cases  local  or  spinal 
ansesthesia  should  be  employed  if  practicable,  instead  of  a  general  anaesthesia. 
Valvular  cardiac  lesions  which  are  well  compensated  need  not  interfere  with 
necessary  operative  intervention,  but  lack  of  compensation  may  lead  to  seri- 
ous consequences  at  the  time  of  operation,  and  later  may  indirectly  interfere 
with  projaer  recovery  and  eflficient  repair.  Although  this  rarely  happens,  acute 
dilatation  of  the  heart  may  complicate  an  attack  of  acute  appendicitis.  In 
such  a  case  as  this  the  operation  should,  if  possible,  be  postponed  until  the 
condition  of  the  heart  can  be  imjjroved.  Furthermore,  if  under  these  condi- 
tions perforation  has  occurred  a  general  anaesthetic  should,  if  possible,  not  be 
employed,  but  instead  resort  should  be  had  to  local  anaesthesia;  and  the  opera- 
tion should  be  limited  to  that  which  is  absolutely  essential  to  save  life. 

The  importance  of  ascertaining  the  condition  of  the  heart,  chiefly  by  a  de- 
termination of  the  vascular  pressure,  has  been  emphasized  bj'  Kocher  when 
considering  thyroidectomy,  especially  for  exophthalmic  goitre.  Kocher,  who 
has  completed  more  than  three  thousand  operations  foi-  all  forms  of  goitre, 
insists  that  even  such  a  slight  loweiing  of  the  blood  pressure  as  20  mm.  below 
the  normal  renders  thj'roidcctomy  "somewhat  hazardous,"  while  the  presence 
of  the  cardiac  insuflRciency  of  a  marked  "goitre  heart,"  which  is  so  often  seen 
in  advanced  exophthalmic  goitre,  should,  in  his  judgment,  serve  as  a  distinct 
contra-indication  to  thyroidectomy. 

The  effect  of  general  antemia  upon  the  heart,  with  its  possiliilities  of  dilata- 
tion, should  not  be  overlooked;  this  compUcation,  however,  will  be  dwelt  on 
later  under  another  caption. 
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The  Gastro-Intestinal  Apparatus.— Although  at  the  present  time  the 
condition  of  the  digesti\'e  organs  less  frecjuently  plays  the  prominent  part  in 
the  recovery  or  death  of  the  patient  than  it  did  formerly,  when  severe  losses 
of  blood  resulted  fiom  operations,  and  suppm-ation  (often  most  profuse)  was 
the  rule,  yet  the  possibility  that  both  may  attend  upon  modern  operative  in- 
tervention renders  it  ad\-isable  to  give  heed  to  the  condition  of  the  gastro- 
intestinal functions.  It  should  also  not  be  forgotten  that  perverted  digestion 
may  lead  to  the  formation  of  imperfectly  elaborated  substances  which  the  liver 
and  kidneys,  perhaps  alread}'  crippled,  cannot  eliminate,  and  that  auto-intoxi- 
cation, from  intestinal  sepsis,  may  add  its  deleterious  influence  to  that  of  germ 
infection.  Due  consideration  of  these  facts  will  often  lead  to  preparatory  and 
later  treatment  which  will  avert  harmful  results  that  might  otherwise  turn 
the  scale  against  recovery.  The  success  of  many  of  the  older  surgeons,  despite 
their  ignorance  of  antisepsis  and  asep.sis,  was  unquestionably  due  in  large  meas- 
ure to  their  recognition  of  the  e^'il  effects  of  conditions  which  we  now  recog- 
nize as  auto-intoxication  and  intestinal  sepsis,  to  the  care  with  which  they 
prepared  their  patients  for  operation  and  regulated  their  tliet,  and  finally  to 
the  efforts  which  they  made  to  secure  elimination  of  morbific  agents. 

Persistent  and  otherwise  unexplained  diarrhoea  in  those  suffering  from  pio- 
longed  suppuration,  especially  when  the  latter  arises  from  chronic  bone  or  joint 
lesions,  should  arouse  suspicions  as  to  the  presence  of  commencing  amyloid 
disease  of  the  intestinal  vessels.  If,  in  addition,  the  liver  be  enlarged  and  al- 
bumin with  amyloid  casts  be  present  in  the  urine,  the  .suspicions  should  give 
place  to  practical  certainty,  and  should  encourage  the  doing  of  surgical  pro- 
cedures calculated  to  lessen  or  arrest  the  causative  suppuration.  Under  these 
circumstances,  therefore,  amputation  may  be  done  rather  than  excision  or  the 
erasion  of  a  joint ;  and  the  amyloid  change,  which  ordinarily  might  be  con- 
sidered a  contra-indication  to  operation,  presents  an  indication  for  active  in- 
tervention, since  by  this  means  the  suppurating  tissues  will  be  promptly  elim- 
inated. The  beneficial  results  are  often  strikingly  noticeable  in  children,  in 
whom  subsidence  of  an  enlarged  liver  and  amelioration  of  the  other  symptoms 
sometimes  promptly  follow  the  removal  of  a  suppurating  area. 

The  Genito-Urinary  Apparatus. — The  question  of  proper  elimination  is 
intimately  related  to  that  of  a  normally  functioning  gastro-intestuial  tract. 
It  is  a  common  practice  to  scrutinize  the  urine  for  albumin  and  sugar,  and 
also  to  search  for  the  pos.sible  presence  of  renal  tube  casts,  but  how  seldom 
it  is  that  a  careful  estimate  is  made  of  the  quantity  and  quality  of  the  solids 
of  the  urine,  even  before  operations  on  the  kidney.  Such  an  examination  may 
often  show  the  quite  certain  failure  of  a  radfcal  operation  because  of  renal  in- 
.sufficiency,  although  it  may  be  possible  to  adopt  some  palliative  measure  until 
more  favorable  conditions  are  established.  Special  difficulties  sometimes  arise 
after  the  administration  of  a  general  ana?sthetic  to  a  patient  in  whom  the  uri- 
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nary  solids  are  abnormally  excreted;  anil,  when  the  latter  fact  is  kn(rtvn,  it  is 
advisable,  if  time  jiermit,  to  correct  all  such  deviations  from  the  normal  by 
careful  preparatory  treatment.  Albumin  in  Ihc  iiiinc  may  mean  nothing 
serious,  but,  when  demonstrably  of  disensed  renal  origin,  it  should  raise  the 
question  of  the  propriety  of  employing  local  instead  of  general  aniesthesia, 
and,  if  this  latter  form  must  be  used,  the  atuesthetizing  agent  should  be  cau- 
tiously administered  and  restricted  to  (he  minimum  amount.  Sugar  in  the 
mine  nnist  be  proven  to  be  due  to  diabetes  befoic  any  steps  are  taken  to  ti'cat 
the  condition  as  an  imfavorable  one  in  itself,  becau.se  .sometimes,  altlutugh 
rarely,  it  is  of  septic  origin  and  indicates  lather  than  contra-indicates  oi)era- 
tion,  especially  when  the  contemi)lated  procedure  removes  the  source  of  the 
infection.  Again,  when  genuine  iliabetes  is  ])resent,  if  delay  is  permissible, 
proper  dietetic  and  medicinal  treatment  may  be  undertaken,  as  this  will  often 
greatly  lessen  the  quantity  of  sugar  excreted,  thereby  diminishing  the  predispo.si- 
tion  to  infection  and  the  evil  effects  which  the  latter  exei'ts  upon  tissue  repair. 
Unquestionably,  diabetic  sugar  in  the  (issue  fluids  renders  them  a  better  microbic 
culture  medium,  although,  if  asepsis  is  maintained,  this  risk  is  removed.  The 
possibility  of  avoiding  a  sudden  and  ])ossibly  fatal  attack  of  diabetic  coma,  due 
to  the  combined  effect  of  the  ojieration  and  the  ana-sthetic,  can  usually  be 
averted  by  preliminary  ti'eatment. 

The  question  as  to  the  increased  dangers  attending  the  use  of  general  anies- 
thetics,  and  the  performance  of  operations  in  those  in  whose  urine  acetone  is 
detected,  is  still  a  mooted  one.  Some  contend  that  when  this  condition  exists 
before  ana?sthesia  the  acetonuria  is  not  increased  nor  does  other  harm  result. 
It  would  be  certainly  wiser,  however,  when  jiossible,  to  remove  this  condition 
before  operation. 

Although  menstruation  is  no  bar  to  operations  of  immediate  urgency,  yet 
it  is  undesirable  to  operate  during  or  just  lie  fore  the  advent  of  a  periotl.  The 
disturbances  then  often  experienced  are  apt  to  be  exaggerated  and  they  some- 
times obscure  the  true  condition  of  the  ])ost-operative  course. 

No  attempt  will  be  made  to  give  all  the  contra-indications  presented  by 
the  diseases  and  conditions  of  the  genito-urinary  system,  but  it  is  of  importance 
to  recognize  that  the  highest  operative  success  is  dependent  upon  a  nice  dis- 
crimination as  to  the  relative  importance  of  the  abnormal  conditions  ]iresent. 
As  an  illustration,  calculous  cystitis  cannot  be  said  to  contra-indicate  lithotrity. 
Nevertheless,  the  surgeon  should  endeavor  to  estimate  whether  the  cystic  in- 
flammation is  so  advanced  that  the  mere  removal  of  the  stone  by  this  o[)era- 
tion  can  scarcely  be  followed  by  a  retui'n  of  the  bladder  to  its  normal  con- 
dition. The  drahiing  of  this  viscus  which  is  secured  by  lithotomy  is  clearly 
indicated  in  such  a  case;  for,  if  the  surgeon  places  his  trust  in  a  simple  lithotrity, 
he  may  either  lose  his  patient  or,  if  recovery  ensues,  he  may  find  it  necessary, 
through  the  failure  of  that  operation  to  afford  any  distinct  relief,  to  drain  the 
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bladder  bj*  a  cystotomy:  the  beneficial  results  thus  obtained  demonstrating 
that  a  primary  lithotomy  wouitl  have  been  the  lietter  proceduie. 

Retention  of  urine  from  urethral  stenoses,  such  as  occur  during  the  acute 
stages  of  gonorrlioea,  should  not  be  relieved  by  the  catheter,  but  by  the  hot  sitz 
bath  and  mor])hia;  and,  if  these  fail,  the  best  course  is  to  resort  to  repeated 
aspirations  with  a  small  needle.  AMiile  this  may  seem  to  be  heroic  treatment, 
it  must  be  remembered  that  the  almost  inevitable  cystitis  with  all  its  perils, 
and  the  damage  inflicted  upon  the  swollen,  lacerable  urethral  mucosa  by  fre- 
([uent  introductions  of  the  catheter,  are  more  dangerous  than  repeated 
aspirations. 

The  Nervous  System. — Insanity  and  diseases  of  the  nervous  system  should 
not  be  considered  a  bar  to  necessary  operations,  especially  when  the  conditions 
for  which  they  are  to  be  done  ai'e  dangei-ous  to  life  or  tend  to  aggravate  the 
nervous  condition.  On  the  other  hand,  the  difficulties  experienced  in  control- 
ling the  insane,  or  the  incessant  muscular  contractions  of  choreic  patients,  can- 
not be  ignoreil,  and  at  times  may  prove  insuperable  obstacles  to  operations, 
even  such  as  would  otherwi.se  pi'omise  good  results.  It  should  also  never  be 
forgotten  that  operations  involving  the  genital  apparatus  of  men  or  women 
sometimes  precipitate  an  outbreak  of  mania  or  melancholia  in  patients  hitherto 
sane.  Still  further,  the  removal,  in  the  case  of  young  women,  of  the  diseased 
tubes  and  ovaries  which  seem  to  be  the  cause  of  their  mental  condition  at  times 
converts  a  slight  alinormal  mental  state  into  one  of  violent  mania.  At  the  same 
time  it  is  true  that,  in  properly  selected  cases,  much  good,  if  not  a  cure, 
results  from  such  an  operation.  Extreme  care,  howe^•er,  nnist  be  exei'ciscd  in 
making  the  selection,  and  the  jirognosis  should  be  guarded. 

Individuals  afflicted  with  insomnia  .should  be  viewed  with  suspicion,  as 
they  are  very  likely  to  Ijelong  to  the  class  of  those  who  indulge  in  alcohol  to 
excess  in  private,  or  to  that  of  the  so-called  "  moderate  drinkers,"  who  are  never 
drunk.  Individuals  belonging  to  either  of  these  classes  may,  as  the  result  of 
the  combined  effect  of  the  sho"k  of  an  operation  and  the  withdrawal  of  their 
alcohol,  develop  delirium  tremens  or  a  condition  of  sleeplessness  which  is  a 
serious  obstacle  to  their  recovery.  Under  such  conditions  the  ingestion  and 
assimilation  of  food  are  .seriou.sly  interfered  with,  and  those  who  are  feeble,  or 
who  are  subjected  to  losses  of  blood  and  profuse  woimd  discharges,  speetlily 
become  exhausted. 

The  period  of  dentition,  especially  when  .several  tei'th  are  approaching  the 
surface  at  the  same  time  Init  have  still  considerable  tissue  to  penetrate,  is  re- 
garded by  some  as  an  objectionable  time  for  the  performance  of  any  liut  opera- 
tions of  necessity. 

Fear. — It  is  extremely  difficult  to  determine  what  weight  should  l)e  given 
to  the  undue  fear  experienced  by  .some  patients  concerning  a  fatal  outcome  of 
a  proposed  operation.     ^Miere  but  little  is  rerjuired  to  turn  the  scales  toward 
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llie  side  uf  dcatli,  uiKiucsCionahly  fear  iiia_v  .soiintinics  lead  to  fatal  results 
through  psychical  shock,  through  the  lack  of  eo-operation  of  (he  ])atieiit  in  de- 
clining proper  nourishment,  tlu'ougii  loss  of  sleep,  and,  finally,  through  the 
impaired  resistance  which  results  from  the  eomlnnation  of  all  these  factors. 
Such  extreme  dread  as  is  referred  to  here  should  be  carefully  considered,  so 
that  every  effort  may  be  made  to  soothe  the  fears  of  the  sufferer,  as  the  suc- 
cessful outcome  of  an  operation  sometimes  materially  depends  on  the  tranquil- 
lized state  of  his  mhid.  In  cases  where  the  proposed  operation  is  not  absolutely 
necessary,  but  somewhat  a  matter  of  choice,  and  is  in  it.self  perilous  to  life,  the 
fixed  conviction  of  the  patient  that  recovery  will  not  take  place  .should  occa- 
sionally be  considered  as  a  contra-indication.  It  is  often  not  the  most  formidable 
and  dangerous  operations  which  thus  terrify  patients,  and  it  is  not  always  the 
hysterical  or  silly  who  are  the  victims  of  this  dread.  Psychical  shock,  although 
almost  never  fatal'  of  itself,  may  readily  prove  a  determining  lethal  factor  in  a 
patient  with  unsound  organs,  who  is  also  subjected  to  the  physical  shock  and 
loss  of  blood  of  an  operation. 

The  Pulmonary  Conditions. — In  all  supposed  cases  of  appendicitis  in  chil- 
dren a  careful  examination  of  the  lungs  is  requisite,  as  it  is  now  well  known 
that  pain  and  tenderness  in  the  lower  right  abdomen,  'with  some  rigidity  of  the 
muscles  in  the  neighborhood,  may  sometimes  be  the  main  initial  symptoms  in 
right-sided  pneumonia.  Both  conditions  may  of  course  coincide,  but  a  physi- 
cal exploration  of  the  chest  will  exclude  pneumonia  and  demonstrate  the  neces- 
sity for  a  rigid  investigation  such  as  will  determine  the  presence  of  appendicitis. 

The  question  of  operating  during  an  acute  pulmonary  ailment — as,  for  in- 
instance,  for  strangulated  hernia — need  be  considered  only  so  far  as  the  choice 
of  the  anrcsthetic  is  concerned.  Wlren  possible,  local  or  .spinal  ana>sthe.sia  is 
safer  than  inlialation  anaesthesia,  but,  should  this  latter  be  found  to  be  an  abso- 
lute necessity,  chloroform  is  to  be  preferred,  in  most  instances  preceded  by  a 
proper  dose  of  morphine  and  atropia.  As  pre\nou,sly  stated,  pulmonary  em- 
physema, especially  when  coinciding  with  sclerotic  changes  in  the  heart  muscle 
and  arteries,  should  receive  careful  consideration.  In  such  cases  the  question 
as  to  the  propriety  of  any  operation  naturally  arises.  If  operation  be  decided 
uijon,  a  careful  choice  of  the  anaesthetic  should  be  made,  and  the  duration  of 
its  administration,  as  well  as  the  amount  administered,  shoukl  be  reduced  to 
the  minimum. 

Nothing  that  has  already  been  said,  or  that  may  be  mentioned  later,  should 
be  interpreted  as  a  positive  contra-indication  to  operations  required  to  save 
life  or  the  function  of  an  important  organ;  but,  where  the  necessity  for  operat- 
ing is  not  clear,  or  where  there  is  a  choice  between  the  methods  of  procedure, 
the  decision  should  always  be  in  fa^-or  of  the  course  which  will  subject  the 
patient  to  the  least  risk.  Pulmonary  tuberculosis,  especially  if  it  be  in  its 
earliest  stages,  often  demands  the  removal  of  suppurating  lymph  nodes,  the 
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excision  of  painful,  disintegrating,  or  suppurating  tuberculous  joints,  the  evac- 
uation of  an  empyema,  etc.,  all  of  which  conditions  are  a  serious  drain  upon  the 
patient's  strength.  Only  such  operative  measures  should  be  adopted  as  will 
effect  relief  of  the  local  condition  with  the  minimum  of  confinement  to  bed  or 
the  house,  and  without  entailing  any  serious  degree  of  suppuration.  The  im- 
portance of  this  rests  upon  the  fact  that  pulmonary  tuberculosis  is  often  cura- 
ble if  the  debilitating  effects  of  other  foci  can  be  removed.  Hence  it  is  pref- 
erable, in  cases  like  tho.se  which  are  now  under  consideration,  not  to  resort 
to  an  excision  or  to  erasion  of  a  suppurating  joint  or  a  joint  involved  in  ex- 
tensive tuberculous  changes,  but  to  perform  an  amputation.  Oftentimes, 
when  this  course  is  adopted,  cases  of  incipient  pulmonary  tuberculosis  undergo 
a  permanent  ciu-e,  and  it  is  not  an  unusual  event  for  some  amelioration  of  the 
limg  condition  to  take  place  even  in  the  more  advanced  cases.  On  the  other 
hand,  in  ca,ses  in  which  the  lungs  are  seriously  diseased,  and  in  which  death 
from  tuberculosis  is  a  mere  matter  of  time,  only  the  minor  surgical  procedures, 
which  can  be  effected  under  the  influence  of  local  anaesthetics,  are  permissible. 
Even  these  minor  operations  should  not  be  thoughtlessly  undertaken.  For 
instance,  the  radical  operation  for  fistula  in  ano  is  contra-indicated  in  tuber- 
culous patients  with  freciuent  cough  or  with  violent  paroxysms  of  coughing, 
even  if  the  latter  be  infrequent.  This  injunction  is  given,  not  because 
the  lesion  is  necessarily  one  of  a  tuberculous  nature,  for  it  is  often  of  purely 
pyogenic  origin,  but  because  the  cough  usually  so  interferes  with  the  healing 
of  the  wound  that,  instead  of  checking  the  purulent  discharge  and  lessening 
the  pain,  both  are  increased.  On  the  other  hand,  when,  in  these  tuberculous 
cases,  the  cough  is  so  .slight  that  it  will  not  interfere  with  healing,  the  cure  of 
an  anal  fistula  should  certainly  be  attempted,  because  it  will  remove  a  source 
of  depression  of  the  vital  i)owers.  At  the  same  time  it  is  desirable,  as  has 
already  been  stated,  that  the  operation  should  be  performed  with  the  aid  of 
local  anaesthesia  and  in  a  case  in  which  there  is  reasonable  ground  for  believing 
that  the  local  lesion  is  not  of  a  tuberculous  nature.  There  are  some  exceptional 
cases — cases  in  which  the  pulmonary  lesions  are  not  of  a  serious  naturc^n 
which  it  is  of  distinct  importance  to  operate  for  the  relief  of  a  fistula  or  of  some 
other  condition  that  is  reducing  the  patient's  general  vital  resistance — as,  for 
example,  caseating  and  suppurating  lymph  nodes.  In  such  cases,  which  must 
be  selected  'ft-ith  care,  a  general  anaesthetic  may  be  employed  whenever  it  is 
impossible  to  .secure  the  consent  of  the  patient  to  an  operation  under  local 
anaesthesia.  Tlie  administration  of  nitrous  oxide  gas  as  the  first  step  in  an- 
sesthetization  by  ether  or  chloroform  is  contra-indicated  in  the  presence  of 
acute  pulmonary  diseases,  and  is  of  doubtful  propriety  in  pulmonary  tuber- 
culosis or  in  chronic  bronchitis,  because  this  agent  produces  venous  congestion. 
Some  individuals  have  chronic  coughs  which  are  at  times  violent  and  parox- 
ysmal.    These  patients  are  bad  subjects  for  such  operations  as  the  radical  one 
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for  hernia,  nophro]'rliai)hy,  interval  operations  for  appendicitis,  etc.  If  loeal 
or  spinal  ana-sthesia  can  be  made  to  suffice  in  this  class  of  cases,  the  lung  con- 
dition, per  .sf",  will  jiresent  no  obstacle,  'i'lie  disturbance  to  which  the  healing 
of  the  wiiund  is  subjected  by  the  repeated  tneclianical  effects  of  tlie  coughing 
should  be  carefully  weiglied  by  the  surgeon  before  he  decides  upon  any  of  these 
operations.  (See  also  the  article  on  "General  Anavsthetics "  in  the  present 
N'olume.) 

The  Blood. — Changes  in  the  conipo.sition  or  behavior  of  the  blood  are  of 
great  import  to  the  suigeon  when  contemplating  any  operation.  (See  also 
jiage  555  el  scq.,  \'ol.  I.)  In  the  fixint  rank  stands  the  question  of  ha'mophilia. 
Thus  far,  no  method  of  examination  has  certainly  revealed  the  cause  of  this 
malady,  although  recently  one  observer  has  been  able  to  predict  an  approach- 
ing hemorrhage  by  the  lessening  or  absence  of  the  blood  ])lates.  "Whether  the 
puncture  made  for  the  purpose  of  securing  the  blood  for  this  examination  might 
not  prove  a  source  of  danger  is  a  question  which  merits  consideration.  In- 
quiries directed  to  determining  the  behavior  of  .slight  wounds,  the  sudden  ap- 
pearance of  accumulations  of  fluid  in  the  large  joints  (i.e.,  ha^marthrosis),  or 
the  charactei-  of  bleeding  after  tooth  extraction,  will  usually  settle  the  question 
harmlessly.  The  tendency  to  persistent  oozing,  which  is  ob.served  in  some 
forms  of  sepsis,  is  something  quite  ilifferent  from  luemophilia:  it  cannot  be 
foreseen  and  conseijuently  it  is  im]iossible  to  guard  against  it.  The  severe  and 
usually  fatal  bleedings  which  sometimes  follow  operations  (especially  those  in- 
volving the  biliary  apparatus)  in  per.sons  who  are  affected  with  chronic  jaun- 
dice, may  easily  be  accounted  for  by  the  damage  inflicted  upon  the  blood- 
vessels through  the  jii-esence,  in  the  circulating  blood,  of  biliary  salts,  and  also 
in  some  measure  through  the  withdrawal,  from  the  cells  of  the  intima,  of  their 
proper  pabulum,  from  blood  impoverishment ;  many  of  the  red  corpuscles 
being  destroyed  in  cases  such  as  are  here  under  consideration.  The  intinial 
cells  cannot  derive  nourishment  directly  from  the  blood-cells,  but  the  lack  of 
oxygen,  the  failure  to  change  excreta,  etc.,  which  chaiacterize  these  cases,  so 
interfere  with  the  nourishing  qualities  of  the  blood  that  the  intimal  cells  suffer. 
The  possibility  of  such  severe  bleeding  should  be  carefully  weighed  before  one 
decides  to  operate  on  a  severely  jaundiced  patient,  and  all  measures  should  be 
employed  which  are  believed  to  lessen  this  hemorrhagic  tendency,  although 
only  a  small  proportion  of  icteric  patients  bleed  unduly.  Possil)ly  the  finding 
of  occult  blood  in  the  stools — a  thing  which  has  been  frequently  accomplished 
— may  be  of  value  in  determining  the  probability  of  ilangerous  hemorrhage 
after  operation.  AVithout  a  sufficiency  of  ha-moglobin,  despite  a  fair  number 
of  red  cells,  life  cannot  be  long  maintained:  hence  a  determination  of  this 
point  is  essential  in  those  patients  in  Avhom  this  important  blood  constituent 
may  have  been  reduced  by  previous  hemorrhage  or  a  prolonged  ])urulent  drain. 
Discrimination  must   be  made   between  the   low   ha-moglobin   content    which 
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results  from  severe  losses  of  blood  in  a  previously  healthy  person,  especially  if 
a  female,  and  the  deficiency  of  this  substance  which  results  from  some  ex- 
hausting disease  that  may  have  permanently  impaired  the  function  of  the 
organs  concerned  in  tlie  rcpioduction  of  the  lilood.  In  the  former  instance, 
the  regenerative  powers  may  be  so  great  that  even  a  further  lowering  of  the 
amount  of  ha'inoglobin  may  be  readily  recovered  from,  while  in  the  latter 
the  reformation  of  this  element  takes  place  so  slowly  and  is  so  uncertain  that 
death  often  results.  It  is  stated  that  twenty  percent  of  luemoglobin  is  essen- 
tial to  sustain  life,  and  that  less  than  this  is  incomjiatible  with  survival.  This 
is  doubtless  usually  true  except  when  the  reduction  has  been  sudden  and 
has  occurred  in  a  person  with  normal  blood-making  organs ;  even  then  recovery 
is  uncertain.  Those  in^li^•iduals  who  possess  as  much  as  thirty  per  cent  bear 
loss  of  blood  badly ;  hence,  if  after  appropriate  treatment  the  amount  of  ha^no- 
globin  cannot  l)e  increased,  no  unnecessary  loss  of  blood  should  be  permitted 
and  only  the  mininunn  amount  of  a  general  ana'stlietic  should  lie  adminis- 
tered. The  latter  injunction  applies  especially  to  chloroform,  although  ether  is 
also  a  ha'molytic  agent.  It  must  not  lie  forgotten,  when  estimating  haemoglobin 
by  the  usual  clinical  methods,  that  an  error  of  at  least  five  per  cent  (either 
plus  or  minus)  is  possible.  In  other  words,  the  patient  may  really  possess  more 
hannoglobin  than  is  reported,  thus  explaining  the  conflicting  statements  which 
have  been  made  as  to  recovery  taking  place  with  an  extremely  low  haemo- 
globin index. 

The  detection  in  the  blood  of  evidences  of  cither  splenic  or  lymphatic  leu- 
ka-mia  should  contra-indicate,  in  the  former,  the  operation  of  removing  the 
spleen,  and,  in  the  latter,  all  operations  not  demanded  ff>r  the  inunediate  sal- 
vation of  life.  This  course  is  rendered  necessary  by  the  difhculty  or  impossi- 
bility (if  arresting  hemorrhage.  It  is  contended  liy  some  that  hemorrhage  is 
only  to  be  feared  in  profouudl.y  anannic  children  who  are  affected  with  acute 
lymphatic  leukaemia,  but  the  adxice  given  above  had  better  be  adhered  to  in 
all  cases.  It  is  interesting  to  note  that  in  Banti's  disease,  where  no  such  blood 
changes  are  present,  removal  of  the  spleen  presents  no  difficulties  from  bleeding. 

Ansemia,  however  induced,  unquestionablj^  mcreases  the  risk  of  infection 
after  operation:  hence  its  presence  or  ab.sence  should  be  determined,  and  its 
possible  mfluence  on  the  outcome  of  the  intervention  .should  lie  carefully  weighed 
when  any  serious  operative  procedure  is  contciiiiilated. 

Through  deficient  nutrition  the  heart  mu.scle  may  dilate  under  the  stress 
of  the  increased  frequencj"  with  which  it  must  contract  in  order  to  carry 
oxygen  to  the  ti.ssues — an  increased  frec[ucnc3'  which  is  necessitated  by  the 
scarcity  of  oxygen-carriers,  \iz.,  red  cells  and  ha'moglobin.  The  maintenance 
of  accelerated  heart  contractions  may  exhaust  a  fairly  strong  heart  nuiscle, 
which  may  then  finally  yield  to  the  intracardiac  pressure.  Although  this  is  a 
rare  accident,  the  fact  that  acute  dilatation  of  the  heart  may  possibly  occur 
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in  an  luurniic  iiidiviilual  when  subjoctcd  to  a  spvcrc  operation,  ospccially  if  it 
be  aeeoni])anie(l  by  eonsidcrable  loss  of  blood,  should  be  more  widely  known, 
in  order  that  preeautionaiy  measures  may  be  taken.  Chloroform  especially 
and  ether  somewhat  increase  the  pre-existing  anu'inia  l)y  effect iuf;;  a  destruction 
of  numbei-s  of  red  blood  cells,  thus  accentuating;  tlie  elfects  of  lo.ss  of  blootl 
during  operation.  The  rajiid  [lulse-rate,  conjoined  with  the  loss  of  vascular 
tone  in  the  class  of  cases  mentioned  above,  sometimes  determines  the  devel- 
opment of  acute  dilatation.  But  forewarned  should  bi>  forearmed,  so  that  a 
strict  avoidance  of  all  unnecessary  loss  of  blood  during  opei-ations  on  ana-mic 
individuals,  in  conjunction  with  the  achiiinistration  of  appropriate  heart  tonics, 
will  probably,  in  the  exceptional  cases  in  which  this  condition  would  otherwise 
occur,  avert  the  risk  of  the  development  of  an  "ana'mic  heart"  with  all  its  un- 
toward consequences.  Of  ecjuai  iu.portance  is  the  avoidance  of  all  strain  upon 
the  heart  for  a  certain  period  of  time  after  the  operation;  a  precaution  which 
must  be  observed  not  only  until  the  ananiiic  condition  is  relieved,  but  also  until 
the  heart  muscle  has  recovered  its  normal  nutrition. 

Malaria. — Although  malaria  is  of  more  unusual  occurrence  than  was  for- 
merly believed,  there  are  nevertheless  cases  in  which  it  has  to  be  reckoned 
with  by  the  surgeon.  Anything,  such  as  an  operation,  which  markedly  reduces 
vital  resistance,  may  provoke  an  outbreak  of  malarial  fever  in  one  who  at 
some  previous  time  has  suffered  from  the  disease  or  who  has  recently  resided 
or  still  resides  in  a  malarial  district.  An  examination  of  the  blood  may  reveal 
the  presence  of  the  plasmodium,  which  might,  without  the  reinforcement  of 
the  depressing  effects  of  an  operation,  continue  to  remain  dormant.  The  fail- 
ure to  detect  malarial  organisms  in  suspicious  cases  may  be  due  to  their  small 
number,  to  the  fact  that  they  are,  as  believed  by  some,  temporarily  stored  up 
in  the  spleen  or  bone  medulla,  or  to  the  effects  of  quinine  taken  as  a  prophy- 
lactic. Unriuestionably,  patients  with  the  lowered  resistance  often  left  by  an 
operation  readilj'  succumb  to  a  slight  plasmodial  infection  if  they  are  li\'ing  in 
a  malarial  neighborhood.  An  examination  of  the  blood  will  often  show  much 
pigment  and  poikilocytosis,  with  deficient  haemoglobin,  in  cases  in  which,  after 
operation,  there  develop  malarial  paroxysms  which  uj;  to  that  time  have  been 
held  in  check  by  quinine.  Such  blood-findings  should  always  be  regarded  as 
suspicious,  but  the  exhibition  of  tlie  projier  amount  of  taiinine  should  remove 
all  possible  chance  of  an  outbreak.  AVhile  only  active  malaria  is  a  contra- 
indication to  operations  of  choice,  but  not  to  operations  of  necessity,  yet  a 
severe  malarial  attack  after  an  important  operation  might  seriously  jeopardize 
the  life  of  the  patient  or  the  success  of  the  jsrocedure.  It  is  therefore  advisable, 
when  an  operation  is  contemplated,  to  determine  beforehand  the  probable 
advent  of  malarial  disease,  and  to  take  whatever  precautionary  measures  may 
be  advisable. 

Other   Infectious  Diseases.  —  Acute   infectious  diseases   such   as  typhoid 
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fever,  and  also  certain  normal  conditions,  as  i)rcgnancy,  liave  sometimes  been 
•considered  as  positive  contra-indications  even  to  urgent  operations.  In  the 
case  of  a  pregnant  woman,  for  example,  the  performance  of  any  fairly  serious 
operation,  it  is  thought,  will  almost  certainly  involve  miscarriage  or  premature 
delivery;  moreover,  the  chances  of  fatal  operative  or  puerperal  infection  are 
believed  to  be,  under  these  conditions,  exceptionally  great.  Appendicitis  occurs 
during  typhoid  fever  or  pregnancy  with  sufficient  frequency  to  render  it  im]>or- 
tant  to  decide  whether  the  prevalent  belief  is  well  grounded  or  not.  While  no 
one  would  choose  to  operate  upon  a  typhoid  patient  or  a  pregnant  woman,  yet 
abdominal  sections  in  typhoid — made,  it  is  assumed,  for  imperative  reasons — 
probably  present  no  more  unfavorable  conditions  than  does  the  same  state 
of  the  circulation,  nutrition,  etc.,  when  brought  about  by  some  other  cause. 
Suppurative  appenilicitis,  strangulated  hernia,  an  ovarian  tumor  with  tightly 
twisted  pedicle  producing  gangrene,  acute  suppurative  cholecystitis,  and  other 
serious  conditions  may  be  complicated  by  pregnancy,  yet  they  must  be  dealt 
with  irrespective  of  the  latter;  antl  when  fatal  results  follow  or  a  miscarriage 
results,  there  is  no  conclusive  jiroof  that  the  operation  precipitated  the  fatal 
or  unfortunate  outcome.  Probably  the  reverse  is  the  truth,  since  disaster  is 
certain  in  some  of  the  conditions  mentioned  and  reco^•cry  possible  only  by 
operation. 

Operations  Performed  for  Cosmetic  Effects.— The  uncertainty  of  the 
outcome  of  many  j)lastie  ojierations,  so  far  as  the  cosmetic  results  are  con- 
cerned, should  often  debar  us  from  operating,  especially  if  the  expectations  of 
the  patient  or  the  friends  are  unwarrantably  high.  Great  care  should  be  exer- 
cised not  unthily  to  raise  the  hopes  of  any  concerned,  and  the  surgeon  should 
con\'ince  himself  that  the  patient  really  comprehends  the  possibilities,  as  well 
as  the  probabilities,  in  all  the  operations  performed  for  cosmetic  reasons. 

Recurring  Malignant  Disease.— The  presence  of  metastases  that  are 
inoperable  shoukl  contra-intlicate  attempts  to  excise  local  or  regional  I'cci- 
dives  except  when  an  ulcerating,  painful  condition  is  present  which  can  be 
removed.  A  reasonable  certainty  of  securing  prompt  healing  should  exist,  and, 
oven  if  the  results  prove  onlj^  temporar}-,  and  if  a  fresh  recurrence  of  the  growth 
takes  place,  such  interventions  are  entirely  justifiable.  Upon  the  other  hand, 
when  there  is  no  evidence  of  inoperable  secondary  growths,  all  recurring  irialig- 
nant  neoplasms  should  be  excised  as  soon  as  detected.  Prolongation  of  Kfe 
and  increa;se  of  mental  as  well  as  of  physical  comfort  result  from  such  opera- 
tions, which  ma}'  be  repeated  as  often  as  necessar3^  In  a  few  instances  a  cure 
is  brought  aljout  by  a  persevering  resort  to  repeated  excisions  of  minute 
growths  under  local  aniesthesia.  In  cases  of  this  character  no  delay  should  be 
permitted,  even  if  nothing  more  than  a  well-grounded  suspicion  of  a  recidive 
exists. 


THE  PREPARATION   FOR  AN  OPERATION, 

THE  OPERATION   ITSELF, 

AND  THE  CARE  OF  THE  PATIENT  DURING  AND 

IMMEDIATELY  AFTER  THE  OPERATION. 

i^ij  ar.oi^di:  hex  Johnston,  m.d..  Ru-hmond.  vinjinia. 

Surgical  |)i-oc('( lures  arc  always  undOTtaken  for  one  of  the  following  objects: 
First,  to  save  life;  second,  to  relieve  suffering;  third,  to  restore  function;  fourtfi, 
to  correct  a  deformity  or  lileniish;  and  fifth,  in  rare  instances  to  make  a  diag- 
nosis in  a  doubtful  condition. 

r)e]>ending  upon  circumstances,  all  operative  woi'k  may  be  sharply  di\-idi'd 
into  two  classes,  deliberate  and  emergency.  By  an  emergency  case  one  under- 
stands a  condition  calling  for  innuediate  operation  in  the  effort  to  save  life.  In 
such  an  instance  tlie  local  condition,  be  it  a  strangulated  hernia  or  a  ruptured 
ectopic  pregnancy,  overshadows  any  general  systemic  affection  that  would 
ordinarily  demaiul  care  and  attention  befoi-e  svd:)jecting  the  patient  to  a  sevei'e 
or  dangerous  operation. 

In  the  field  that  may  be  tlesignated  as  deliberate  surgery  falls  the  larger 
proportion  of  all  surgical  jjroccdures,  and  the  success  that  accrues  in  a  large 
series  of  operative  cases  depends  very  much  upon  the  careful  study  of  each  indi- 
vidual case,  and,  as  has  well  been  said,  it  is  just  as  impoiiant  to  know  what 
kind  of  a  patient  the  disease  has,  as  to  knf)w  what  kind  of  a  tliscase  the  patient 
has. 

Diagnosis. 

The  history,  or  ananmesis,  often  ])lays  a  most  important  role  in  tlie  work  of 
reaching  definite  conclusions  as  to  the  nature  of  the  jmtient's  malady.  Some  sur- 
geons, in  whom  the  clinical  instinct  is  well  developed,  seem  to  have  an  art  of  draw- 
ing out  the  essential  jioints  in  a  few  minutes'  conversation  with  the  patient.  Such 
a  course  is  often  fallacious,  and  it  is  far  better  to  have  a  complete  history  taken 
by  an  unbiassed  mind,  because,  when  it  comes  to  weighing  the  sum  total  of 
evidence,  some  seemingly  small  detail  may  be  found  to  have  a  pronounced 
bearing  on  the  cjuestion.  The  adoption  of  such  a  method  is  a  constant  incen- 
tive to  thorough  work,  a  check  upon  carelessness,  anil  is  the  means  of  avoiding 
the  possibility  of  an  oversight. 

A  detailed  history  will  include:  the  patient's  complaint:  the  jdiiiibj  liistory 
as  relates  especially  to  tuberculosis,  malignant  disease,  and  mental  disorders; 
the  past  history,  which  may  be  conveniently  grouped  under  the  headings  of 
infectious  diseases,  liead,  cardio-respiratory,  gastro-intestinal,  gcnito-urinary, 
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menstrual,  marital,  weight,  etc.:  the  prcfenl  iUnc.<.'<,  with  iii(|uirie,s  as  to  date  of 
onset,  initial  symptom,  course  of  the  malady  in  order  of  developments,  con- 
stitutional effects,  the  present  attitude,  form  and  condition  of  the  part  involved, 
past  treatment  and  its  bearing  on  the  lesion,  etc. 

The  pliysical  e.vaiiiination  includes  a  general  examination  and  a  special  ex- 
amination. The  notes  on  the  general  survey  should  record  the  general  state  of 
develojimcnt  and  nutrition:  the  color  of  the  skin  and  mucous  membranes,  with 
especial  reference  to  any  degree  of  ana'mia,  icterus,  etc.:  the  condition  of  the 
superficial  lymph  nodes,  with  their  bearing  on  any  constitutional  taint,  leukaemia, 
malignant  metastases,  and  status  lymphaticus:  the  state  of  the  cardio-vascular 
system,  with  especial  reference  to  myocai'dial  insufficiency,  condition  of  the 
arteries,  and  pulse  tension :  and  the  results  obtained  from  an  examination  of  the 
chest  for  the  detection  of  bronchitis,  emphysema,  and  the  grosser  pulmonaiy 
lesions,  all  of  which  are  factors  in  making  choice  of  the  ana'sthetic.  The  abdo- 
men should  be  examined  with  regard  to  tenderness,  muscular  rigitlity,  enlarge- 
ment of  sjjleen  and  liver,  presence  of  masses  of  free  fluid,  and  the  extremities 
for  nodal  thickenings  on  the  long  liones,  (edema,  varicose  veins,  ulcers,  etc.  A 
rectal  and  a  pelvic  examination  may  be  indicated  as  part  of  the  general  survey, 
and  in  every  case  attention  should  be  directed  to  the  nervous  system  in  so  far 
as  testing  the  reaction  of  the  pupils  and  the  acti^'ity  of  the  reflexes  so  as  to 
exclude  the  visceral  crises  of  organic  disease  of  the  spinal  cord,  etc. 

The  special  examination  is  that  directed  to  the  local  lesion  or  seat  of  pain, 
injury,  deformity,  etc.  The  general  examination  is  often  given  over  to  an  as- 
sistant, or  hospital  interne,  not  liecause  it  is  unimportant,  but  as  a  matter  of 
necessity  and  ex|)edi(>ncy.  The  special  examination,  however,  is  made  by  the 
surgeon  who  is  to  operate  on  the  patient :  and  the  extent  of  this  examination,  as 
well  as  the  means  employed,  will  vary  with  the  character  of  the  case  and  often 
with  the  character  of  the  surgeon's  thoroughness  of  detail. 

In  addition  to  the  general  i)hysical  findings,  further  information  may  be 
acquired  by  means  of  instruments  of  precision  and  certain  laboratory  methods. 

The  value  of  special  and  refinetl  methods  of  diagnosis  depends  very  largely 
upon  the  skill  with  which  they  are  interpreted.  A\'hile  the  diagnosis  may  be 
suggested  at  once  by  a  positive  fimling,  yet  in  most  instances  the  information 
so  obtained  is  useful  oidy  in  adiling  one  or  more  important  symptoms  or  signs 
in  the  given  case  ami  so  has  to  be  considered  along  with  the  history  and  physical 
findings  in  the  effort  to  reach  a  definite  conclusion.     (See  Vol.  I.,  pp.  501-691.) 

Procn'osis. 

The  prognosis  in  a  given  surgical  case  is  dependent  on  many  factors,  sonie 
of  which  can  be  appreciated  beforehand  while  others  may  be  obscure.  In 
general,  one  recognizes  the  following  points: 
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(1)  Age.  The  most  favorable  period  in  whieh  surgical  j^roeedures  can  be 
conducted  is  between  the  ages  of  two  and  fifteen  years;  the  next,  between 
fifteen  and  thirty;  after  thirty  the  risk  increases  in  proportion  to  the  age,  al- 
though one  constantly  encounters  exceptions  to  this  general  rule.  With  increas- 
ing years  come  degenerative  changes  in  the  heart,  kidney,  blood-vessels  and 
other  tissues,  changes  which  militate  against  prolonged  anaesthesia  and  ex- 
tensive wounding  of  parts  and  [irotract  convalescence  and  the  repair  of  the 
tissues.  In  spite  of  the  fact,  however,  that  very  young  children  and  the 
aged  are  not  favoi'able  subjects  for  operations,  yet  age,  in  itself,  is  no  real 
barrier  to  a  necessary  operation. 

(2)  Sex.  It  is  generally  noted  that  women  withstand  operations  better 
than  men,  and  this  can  be  attributed  to  their  spirit  of  resignation  and  patience 
in  the  presence  of  pain  and  confinement  as  well  as  to  their  better  habits  and  mode 
of  life. 

(3)  Occupation.  The  ill  effects  of  certain  occupations  upon  the  general  health 
of  the  patient  must  of  necessity  influence  his  degree  of  endurance,  and  this  will 
show  itself  when  he  is  subjected  to  operation. 

(4)  Constitutional  and  Chronic  Diseases.  These  conditions  serve  greatly  to 
modify  the  prognosis,  and  if  they  do  not  absolutely  contra-indicate  an  operation 
yet  they  will  demand  care  and  attention  by  the  surgeon  before  the  patient  is 
subjected  to  the  strain  of  the  anaesthetic  and  the  operation. 

Chronic  valvular  disease  of  the  heart  is  not  a  contra-indication  to  operation, 
provided  compensation  is  good.  Much  more  serious,  however,  are  those  heart 
conditions  which  are  associated  with  myocardial  or  fatty  degeneration,  as 
indicated  by  a  feeble  and  irregular  heart  action,  cardiac  dilatation,  and  embar- 
rassed circulation.  In  all  heart  lesions,  however,  there  is  an  element  of  danger 
from  embolism  or  thrombosis,  or  from  consecjuent  broken  compensation  and 
pulmonary  a\lema.  Stenotic  valve  lesions  are  generally  more  serious  than 
simple  regurgitations. 

Atheroma  of  the  vessels  does  not  contra-indicate  operative  measures, 
although  a  guarded  prognosis  is  often  necessary  because  of  the  possibility  of 
degenerative  changes  in  the  walls  of  the  coronary  arteries,  and  in  the  vessels  of 
the  brain  and  kidneys,  while  sloughing  may  ensue  upon  wounds  of  the  extrem- 
ities. Aneurism  of  the  larger  arteries  does  not  often  influence  the  prognosis 
unfavorably. 

Chronic  nephritis  and  diabetes  seriously  modify  the  prognosis,  and  the  most 
careful  preparatory  treatment  is  demanded  in  these  classes  of  cases.  In  both 
diseases  free  activity  of  the  bowels,  skin,  and  kidnej's  is  of  importance  both 
before  and  after  the  operation,  and  general  medical  measures  should  be  em- 
ployed in  the  effort  to  forestall  the  possible  occurrence  of  iu'a>mia  or  diabetic 
coma. 

Diseases  of  the  lungs,  such  as  acute  and  chronic  bronchitis,  emphysema,  tuber- 
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culosis,  ami  pleurisy,  always  occasion  apprehension  as  to  the  successful  outcome 
of  surgical  procedures.  Many  persons  affected  with  pulmonary  tuberculosis  seem 
to  stand  the  anaesthetic  and  the  operation  cjuite  well.  The  danger  of  prime 
importance  in  all  patients  with  lung  complications  is  the  development  of  a 
post-operative  pneumonia,  and  for  this  reason  a  patient  with  even  a  slight 
"cold"  should  not  be  operated  upon  until  the  lung  condition  has  cleared  up. 
The  question  of  post-operative  pneumonia  is  dealt  with  more  full}'  in  the 
section  relating  to  scciuehr  and  post-operative  treatment. 

Diseases  of  the  liver  and  bile-ilucts,  when  associated  with  jaundice,  are  among 
the  most  serious  cases  that  the  surgeon  has  to  ileal  with.  In  these  instances  the 
cholsemia  is  almost  always  accompanied  In'  a  marked  prolongation  in  the  coagu- 
lation time  of  the  blood,  so  that  severe  and  often  fatal  capillary  hemoi-rhage  en- 
sues. In  these  cases  even  the  smallest  puncture,  such  for  example  as  is  made 
to  obtain  a  drop  of  blood  from  the  ear  for  purposes  of  study,  may  bleed  for 
hours.  If  it  is  determined  that  there  is  complete  obstruction  of  the  bile-duct 
with  no  other  chance  of  relief,  then  the  patient  should  be  treated  with  calcium 
salts,  and  the  operation  shoulil  be  done  with  as  slight  traumatism  as  possible  and 
an  abundant  amount  of  packing  used.  The  use  of  thyroid  extract  has  lately  been 
advocated  for  the  piu'pose  of  increasing  the  coagulability  of  the  blood,  and  the 
remedy  may  be  tried.  Patients  suffering  from  cirrhosis  and  from  fatty  or 
amyloid  degeneration  of  the  liver  are  poor  subjects  for  operation.  In  general, 
it  may  be  saiil  that  operation  should  not  be  undertaken  during  an  attack  of 
colic,  when  there  is  pronouncetl  icterus,  when  suffering  has  caused  great 
depression,  or  if  ecchymotic  spots  are  present. 

Patients  suffering  from  diseases  of  the  nervous  system  are  commonly  not 
good  subjects  for  operations.  Insanity,  however,  in  controllable  patients,  does 
not  contra-indicate  operation  unless  it  takes  the  form  of  chronic  melancholia 
with  its  attendant  ill  effects  upon  strength  and  nutrition.  The  difficulties  con- 
nected with  the  after-treatment  of  such  patients  further  lessen  the  chances  of 
recovery.  Where  there  are  injm-ies  to  the  brain  or  spinal  cord,  except  for  the 
possible  immediate  relief  of  these,  operation  should  not  be  performed.  Ataxia, 
paralysis,  and  chorea  render  the  patient  unsuited  for  surgical  treatment  of 
concomitant  conditions. 

Tubei'culous  lesions  are  Cjuite  amenable  to  operation,  and  if  the  diseased 
material  can  be  removed  good  healing  takes  place.  In  other  instances,  espe- 
cially in  the  presence  of  visceral  tuberculosis,  secondary  infection  often  occurs 
and  a  discharging  sinus  remains. 

Syphilis  is  not  a  contra-indication  to  operation  in  any  stage,  but  it  is  most 
important  that  constitutional  treatment  be  administered  in  conjunction  with  any 
surgical  procedure. 

No  operation  should  be  undertaken  upon  a  patient  known  to  be  afflicted  with 
the  hemorrhagic  diathesis  unless  it  can  be  found  possible  satisfactorily  to  in- 
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crease  the  coagulaliili(\' dI'  t lie  Mood.  Scurvy  ami  Iciikii'iiiia  holli  contra-iudi- 
catc  an  cxtonsivc  opcratioii,  as  tlic  wniiiid,  in  tlicsc  conditions,  is  ]ironc  to  in- 
fection and  may  not  lical  at  all. 

Malaria  i.s  not  a  contra-indication  to  operation,  althoufih  it  is  often  thought 
to  be  a  factor  in  i)Ost-()i)erative  inflammation  and  neuralgia.  If  the  jjatient  is 
known  to  lia\'e  malaria  it  is  advisable  to  post|)onc  the  operation  for  a  few  days 
until  the  rigors  are  controlled  with  appropriate  metlication,  and  then  the  in- 
fection can  be  thoroughly  eradicated  by  continued  ti'eatnient  during  the  period 
of  convalescence.  It  occasionally  happens  that  a  latent  malaria  becomes  active 
and  flares  up  a  few  tlays  after  operation  and  so  gives  the  surgeon  no  little  anxiety 
as  to  the  natvu-e  of  the  manifestation.  A  careful  examination  of  the  blood  will 
usually  clear  up  any  doubt  in  the  matter;  for,  even  if  the  plasmocUum  is  not 
foiuid,  the  absence  of  a  jjolynuclear  leucocytosis  would  speak  against  sepsis 
and  in  favor  of  malaria. 

Only  when  the  necessity  foi-  I'clief  of  an  acute  surgical  condition  is  impera- 
tive and  overriding  all  other  considerations  shovild  an  operation  be  undertaken 
in  the  presence  of  erysipelas,  and  then  only  luuler  the  most  I'igid  antiseptic  pre- 
cautions. 

(5)  Habil.^  and  Tcmpcrameul.  There  is  a  distinct  danger  in  |)erforming 
operations  on  di-unkanls  that  is  generally  appreciated  by  all  surgeons  of  expe- 
rience. Such  pei'sons  are  often  affected  with  dege>nerative  lesions  of  the  heart, 
kidneys,  and  liver,  their  habituation  to  alcohol  tends  toward  a  partial  immunity 
to  the  effects  of  ether,  so  that  very  large  amounts  of  the  anaesthetic  are  required 
and  the  anaesthetist  is  kejjt  on  the  qui  rive.  Topers  are  j^articularly  suscep- 
tible to  intercurrent  infections  .such,  as  pneumonia,  ery.sipelas,  etc.:  delirium 
ti'emens  may  also  supervene.  On  the  whole,  therefore,  they  form  a  very  un- 
desirable class  of  surgical  patents.  (See  article  on  General  Surgical  Prognosis 
in  Vol.  I.) 

Overeating  is  closely  allied  to  intemperance  in  drinking  in  increasing  the 
danger  of  operation.  The  very  obese  are  not  favorable  subjects  for  surgical 
treatment,  as  their  circulation  is  usually  weak  and  their  vital  processes  are  often 
below  par. 

Highly  strung  neurotic  indi\i(luals  may  j)ass  through  the  ordeals  of  an  oper- 
ation with  surjjrisingly  good  behavior,  l)ut  not  infreciuently  their  lack  of  mental 
equilibrium  is  further  increased  by  the  general  shock  to  their  labile  nerve  centres 
and  they  may  pass  into  various  hysterical  states  at  once  on  coming  out  from 
the  ana\sthetic.  / 

True  psychoses  I'arelj-  ensue  u])on  a  surgical  operation  unles>  the  patient 
has  previously  shown  definite  indications  of  alienation,  but  hy.st;'rical  coma, 
tielirium,  etc.,  maybe  particularly  distressing  to  the  friends  and  relatives  even  if 
it  does  not  annoy  the  surgeon. 

(6)  Vfirioiis  Otiicr  Coiiflilions  may  serve  to  modify  the  prognosis.     Severe 


PREPARATIONS  FOR  AN  OPERATION.  131 

operations  duiins  the  stage  of  shock  after  injuries  are  always  hazardous.  The 
clinical  jiicture  that  gives  rise  to  this  bad  prognosis  is  well  known,  and  is 
shown  in  the  restless  tossing  about  of  the  [latient,  who  has  a  subnormal  tem- 
perature, cold  and  clammy  extremities,  anxious  facies,  and  a  small  rapid  pulse. 

Pregnancy  does  not  foi'bid  a  iKH'ossary  oiieration.  In  the  early  months  many 
operations  can  be  discreetl)'  performed,  and  the  writer  has  not  intrcciuently 
seen  fit,  under  these  circumstances,  to  do  interval  appendix  operations,  and  the 
results  have  been  uniformly  happy. 

Surgical  procedures  during  the  menstrual  period  do  not  apjiear  in  any  spe- 
cial way  to  affect  the  prognosis.  As  a  matter  of  comfort  and  convenience, 
however,  operation  is  often  tleferred. 

Patient. 

General  Prrparadon. — In  th.e  large  majority  of  cases  it  is  well  to  avoid  pro- 
longed preparatory  treatnu'ut,  for  the  reason  that  it  is  gencn-ally  not  necessary  and 
because  the  patient  is  inflicted  with  the  added  time  in  which  to  anticipate  the  or- 
deal. In  such  instances  the  mental  suffering  in  the  tlays  preceding  operation 
may  be  more  keenly  felt  than  any  physical  discomfort  in  the  period  immedi- 
ately after.  The  preparatory  treatment  demands  careful  consideration  in  all 
cases,  but  the  general  indications  are  few  in  number  and  easily  carried  out. 

The  patient  should  be  kept  in  In'd  and  given  licjuid  diet  for  eighteen  hours 
jirior  to  the  operation.  AA'ater  is  fi-eely  given  by  mouth  up  to  within  three 
hours  of  the  time  of  operation.  The  practice  of  withholding  water  involves 
unnecessary  hardship  and  discomfort,  while  its  free  administration  aids  materi- 
ally in  the  subsequent  elimination  of  eth(>r  and  is  undoubtedly  a  factor  in  pre- 
venting the  liability  of  shock.  In  certain  cases,  such  as  operative  manipulations 
u]jon  the  stomach,  it  may  be  inadvisable  to  give  water  by  mouth.  In  such 
instances  normal  sahne  solution  (250  c.c,  or  one-half  pint)  may  be  admin- 
istered  per  rectum  two  hours  before  tlie  patient  goes  on  the  table. 

The  intestinal  tract  should  be  cleansed  and  practically  emptied  before  the 
time  of  ojjcration.  To  accomplish  this,  two  ounces  of  castor  oil,  most  easily 
taken  in  a  glass  of  lager  beer,  are  administered  about  twelve  to  sixteen  hours 
before  operation,  and  the  lai'ge  Ixnvel  is  emptied  by  a  soap-suds  enema  on  the 
morning  of  the  operation.  The  cleansing  of  the  entire  intestinal  tract  together 
with  the  withdrawal  of  nourishment  renders  the  canal  practically  sterile  in  its 
upper  portions,  facilitates  intra-abdominal  mani])ulation,  anil  lessens  the  pos- 
sibility of  gaseous  distention  after  the  operation.  The  administration  of  steril- 
ized foods  is  also  a  good  j^'ocediu'e;  and  there  ai-e  still  other  plans  of  action 
which  may  be  utilized. 

If  there  is  nothing  in  the  patient's  condition  to  contra-inchcate  it,  a  full  warm 
bath  is  given  the  night  before  operation. 
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One  hour  before  the  a(hiiiiust ration  of  the  ana-sthetic  my  patients  are  given 
morphine  gr.  i  to  ^  with  atropine  gr.  jU  to  tttit.  This  step  is  taken  for  the  fol- 
lowing reasons:  First,  it  increases  the  confidence  of  the  patient,  particularly  in 
nervous  cases;  second,  it  lessens  the  amount  of  ana'sthetic;  thini,  it  prevents 
the  excessive  accumulation  of  mucus  in  the  throat;  fourth,  it  reduces  the  lia- 
bility to  shock;  and  fifth,  the  jjractice  of  administering  these  drugs  serves  a 
most  useful  jjurpose  in  easing  the  inmiediatc  post-operative  pain,  while  often 
giving  to  the  patient  a  happier  exit  from  the  influence  of  the  ana?sthetic. 

It  is  by  such  simple  general  measures  as  have  just  been  outlined  that  the 
patient  is  enabled  in  most  instances  to  a])i)roach  the  operation  in  a  satisfactory 
condition  as  regards  the  state  of  body  and  mind. 

Local  Preparation. — Local  preparation  has  to  do  witli  the  field  of  operation, 
and,  of  course,  will  vary  with  the  site  of  the  operation.  In  certain  instances 
very  little  preparatory  treatment  of  the  part  can  be  done,  as  in  work  about 
the  nose,  throat,  and  mouth,  and  in  the  immediate  region  of  the  anus.  When 
])lastic  operations  are  to  be  performed  on  the  vagina,  or  this  route  is  to  be  used 
for  certain  abdominal  work,  the  vagina  should  be  douched  on  the  evening 
preceding  operation,  and  again  the  next  morning,  with  bichloride  solution 
1  :  2,000  or  a  half-saturated  solution  of  boric  acid,  or  other  mild  antiseptic 
solution.  Then  immediately  before  operation,  after  the  patient  is  anaesthe- 
tized, .the  part  should  be  thoroughly  cleansed  with  the  aid  of  gauze  pledgets, 
sterile  water  and  green  soap  being  first  used,  and  immediately  afterward  a 
solution  of  lysol  or  other  uniri'itating  antiseptic  mixture. 

Unless  it  is  definitely  known  that  the  patient  has  completely  emptied  the 
bladder  just  before  going  on  the  table,  the  catheter  .should  be  employed.  This 
detail  .should  never  be  overlooked,  as  it  not  only  gives  more  room  for  pelvic 
manipulation,  but  also  prevents  the  possibility  of  wounding  the  bladder  in 
making  an  abdominal  incision.  It  should  be  remembered  that  even  in  those 
instances  in  which  the  patient  has  voided  urine  just  before  going  to  the  operat- 
ing-room one  may  be  surprised  at  finding  a  distended  bladtler  on  opening  the 
abdomen.  In  these  cases  the  catheterization  will  withdraw  a  large  amount 
of  pale  limpid  urine,  the  elimination  being  due  to  a  reflex  stimulation  of  the 
renal  function  brought  about  b\-  nervousness  or  fright.  It  is  for  just  this  rea- 
son that  in  some  clinics  it  is  a  routine  practice  to  pass  the  catheter  after  the 
patient  is  anaesthetized. 

The  local  preparation  in  cceliotomy  cases  varies  in  some  small  details  accord- 
ing to  the  ideas  of  individual  surgeons.  It  is  universally  recognized,  however, 
that  the  essential  point  is  the  thorough  cleansing  of  the  field  of  operation  with 
soap  and  water. 

In  order  to  save  a  certain  amount  of  time  and  as  a  matter  of  convenience  it  is 
customary  to  do  the  preliminary  iirejiarations  the  night  before  operation.  At 
this  time  the  field  of  operation  is  shaved,  thoroughly  washetl  with  green  soap 
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and  sterile  water,  and  a  sterile  protective  dressing  applied  whieh  is  held  in 
place  by  a  binder.  Stiff  brushes  are  commonly  employed  in  this  cleansing 
process,  but  in  the  writer's  clinic  these  are  discarded  in  favor  of  sterile  gauze 
pads  or  large  sponges.  This  practice  has  given  uniformly  satisfactory  results 
and  doe.,  not  cause  the  pain  occasioned  by  the  use  of  rough  brushes  on  tender 
skins  nor  decidedly  disturb  the  normal  epidermal  micro-organisms. 

In  some  clinics  the  p'"actice  obtains  of  applying  a  green-soap  poultice  which 
is  left  on  over  night.  This  plan,  while  effective  in  its  germicidal  jjrojierties, 
causes  considerable  maceration  of  the  epidermis,  is  uncomfortable  for  the 
patient,  requires  considerable  time  in  its  removal  just  prior  to  operation,  and, 
in  the  writer's  opinion,  is  an  unnecessary  [jroceeding. 

One  of  the  most  essential  points  in  preparing  the  patient  for  operation  is  to 
make  sure  that  the  preceding  night  is  a  restful  one.  Any  form  of  treatment 
which  defeats  this  object  is  therefore  imwise.  If  the  i)atient  is  in  pain  or  is  j^ar- 
ticularly  nervous,  a  hyi)notic  should  always  be  administered. 

After  the  patient  is  carried  to  the  operating-room  the  field  is  finally  jire- 
pared.  This  may  be  done  before  the  administration  of  the  anaesthetic,  or  after 
the  patient  is  in  position  on  the  table.  This  cleansing  is  thoroughly  done  with 
green  soap  and  sterile  water,  followed  by  alcohol.  AMiile  it  has  been  repeatedly 
proved  that  this  relatively  simple  preparation  suffices,  yet  it  is  the  routine  in 
most  clinics  further  to  wash  the  field  with  an  antiseptic  solution,  usually  a  prepa- 
ration of  mercury  bichloride,  or  iodine  solution. 

It  should  be  distinctly  understood,  however,  and  thoroughly  impressed  upon 
the  surgical  assistant,  that  the  essential  point  in  the  cleansing  process  relates  to 
the  thorough  use  of  soap  and  water.  Particular  attention  should  be  directed 
to  the  folds  of  skin  making  up  the  navel,  and  the  cleansing  process,  including  the 
shaving,  should  co\-er  a  sufficiently  wide  area  to  be  well  beyond  the  possible 
actual  operative  field. 

The  preliminary  preparatioii  is  discarded  in  many  hospitals  without  detri- 
mental effect  and  it  is  certainly  not  a  necessary  stej).  Its  routine  employment  is 
chiefly  of  value  in  the  matter  of  saving  time. 

In  certain  clinics  where  a  preliminary  preparation  is  not  made,  the  field  of 
operation  receives  what  may  be  called  a  double  cleaning  after  the  patient  is 
anaesthetized.  The  first  cleaning  is  done  by  the  nurse  or  operating-room  orderly 
and  consists  of  shaving  the  part,  and  using  soap  and  water,  followed  by  alcohol. 
Then  the  second  cleaning  is  done  by  an  assistant  who  is  himself  thoroughly 
cleaned  and  who  generally  wears  gloves.  He  uses  only  aseptic  gauze  pads  or 
sponges,  sterile  soap  and  water,  and  the  antiseptic  solution,  after  which  the  skin 
may  be  dried  with  alcohol  (ir  ctiier.  This  assistant  then  changes  his  gloves 
before  taking  part  in  the  operation. 

As  soon  as  the  field  is  finallj'  cleaned  the  patient's  body  is  covered  with  a 
large  sterile  sheet  which  has  an  opening  so  placed  as  to  be  easily  adjusted  over 
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tlie  operative  site.  'J'lic  slicct  is  i'uilher  covered  with  sterile  towels  which  can 
be  easily  rci^laeed  if  iiiueli  soiled  with  blood  or  aii}-  dischai-ge.  As  the  opening 
in  the  sheet  may  be  unnecessarily  large,  the  exposed  opei'ative  area  may  be  fur- 
ther coiiiiiied  by  placing  four  sterile  towels  around  the  Held,  two  crosswise  of  the 
patient's  body,  and  two  in  a  longitudinal  dii'ection.  These  towels  are  con- 
veniently held  in  i)osition  by  means  of  safety  pins.  As  soon  as  these  coverings 
are  adjusted  the  field  is  covered  witJi  a  sterile  gauze  pad  unless  the  surgeon  is 
immediately  read}'  for  the  incision, 

Thk  Surgeon  and  Assistants. 

Correct  surgical  teclmiiiue  is  an  aj't  ac(|uired  only  in  the  school  of  practical 
ex]ierience.  The  fundiunentals  of  asepsis  may  be  formulated  in  the  laboratory, 
the  application  of  these  ]jrinciples  may  lie  taught  in  the  class-room  and  in  books, 
but  the  practical  demonstration  takes  jilace  at  the  operating-table.  Ideal 
technique  must  be  reflex.  The  jiaths  of  conductivity  between  bi-ain  and  hand 
must  have  been  worn  smooth  by  use  in  successful  pi'actice,  and  the  slightest 
irregularity  or  break  in  this  reflex  arc  may  bring  death  and  destruction  in  its 
wake.  Nearly  [dl  of  the  special  senses  are  involved  in  the  surgical  reflex,  and 
with  these  the  motor  and  sensory  tracts  of  the  surgeon  nuist  be  carefully 
co-ordinated  and  then  governed  In'  the  higher  centre  of  common  sense. 

Clothing. — The  operating-room  and  its  accoutrements  should  be  a  world 
apart,  and  for  this  reason  the  surgeon  and  his  assistants  should  not  wear  any  of 
their  usual  daily  clothes  with  the  jjossible  exception  of  the  underwear.  In  the 
dressing-room  the  operator  dons  a  suit  consisting  of  coat  and  trousers.  These 
are  made  of  white  wash-goods  and  need  not  be  sterile,  but  a  freshly  laundered 
suit  shoidd  be  used  each  day.  The  coat  has  short  sleeves  reaching  half-way  to 
the  ell)ow,  fastens  down  the  back,  reaches  high  in  the  neck,  and  below  is  tucked 
within  the  trousers.  The  feet  are  clothed  in  rubber-soled  canvas  shoes  that  can 
be  washed  when  soiled. 

Innnediately  prior  to  the  o])eration,  and  after  the  sterilization  of  the  hands, 
this  suit  is  conijiletely  covered  by  a  white  sterile  gown,  which  reaches  below 
the  knees,  has  long  sleeves,  and  is  fastened  behind.  On  the  head  is  adjusted  a 
sterile  cap.  This  covers  the  hair  and  prevents  foreign  particles  from  dropping 
on  to  the  field  of  ojiei'ation  when  the  operator  is  leaning  over  the  patient. 

Further  precaution  in  the  matter  of  dress  consists  in  using  masks  or  shields 
over  the  mouth.  While  in  no  instance  should  the  operator  speak  or  breathe 
directly  over  the  wound,  yet  such  a  mask  effectually  confines  all  emanations  from 
the  mouth  and  shoukl  l)e  worn  in  all  operations  in  which  the  botly  cavity  is 
openeil.  A  recent  novelty  in  this  line  is  a  combination  of  mask  and  cap  in  the 
form  of  a  hood.  The  lower  part  of  this  hood  is  jirolonged  into  a  cape  which 
falls  about  the  shoulders,  antl  the  only  ojicnings  in  it  are  those  for  the  eyes  and 
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nose.  iSucli  a  huod  is  especially  valuable  in  hot  weather,  as  it  prevents  the 
possibility  of  particles  of  sweat  dropping  on  to  the  field  of  operation.  The 
hood  is  sterilized  and  shovdd  be  most  carefully  ailjusted  so  that  the  ca])e  does 
not  touch  the  face  when  it  is  put  on. 

Hands  and  Gloves. — The  preparation  of  the  hands  of  the  operator  antl  of  every 
one  who  takes  part  in  the  operation  or  in  handling  the  instruments  demands  most 
careful  and  thorough  attention.  The  same  scrupulous  care  should  be  given  the 
hands  whether  gloves  are  to  be  worn  or  not.  There  is  a  very  definite  reason  for 
this  which  should  be  plainly  understood.  The  skin  of  the  body  may  harbor  many 
varieties  of  micro-organisms,  and  the  researches  of  Welch  have  shown  that  a 
white  staphylococcus  is  constantly  present.  These  organisms  get  into  the  hair 
follicles  and  mouths  of  the  sweat  glands,  so  that  it  is  practically  imjjossible  to 
dislodge  them  by  mechanical  means  or  to  reach  them  all  with  any  chemical 
agents  that  will  not  at  the  same  time  destroy  the  skin.  It  is  usually  possible 
to  render  the  superficial  surface  of  the  skin  aseptic,  so  that  infection  will  rarely 
be  attributable  to  this  soiu'ce.  The  avoidance  of  vmdue  scrubbing  and  the 
proper  use  of  gloves  are,  however,  safeguards  which  the  majority  of  surgeons 
now  heed. 

The  chief  ilanger  in  the  ('mi>loyment  of  gloves  is  that  it  inqiarts  a  false 
sense  of  securit3',so  that  the  cleansing  of  the  hands  is  slighted.  But  the  gloves 
may  be  torn  during  the  operation  or  pricked  with  a  needle,  and  then  the  danger  of 
infection  is  e\'en  greater  than  if  glo\'es  were  not  being  worn.  The  reason  for  this 
is  that  the  hands  are  prone  to  sw(>at  within  the  gloves,  and  the  activity  of  the 
skin  brings  to  the  surface  bacteria  from  the  deeper  layers.  Therefore  in  using 
gloN'es  it  must  be  remembered  (1)  that  the  hands  sho\dd  be  thoroughly  cleansed 
at  the  outset,  and  (2)  that  a  torn  glove  must  be  innnediately  discarded.  Extra 
pairs  of  gloves  already  sterilized  should  be  constantly  on  hand,  and  with  these 
it  is  well  to  have  a  few  sterile  finger  cots  which  can  be  slipped  on  in  the  event 
of  a  small  tear  or  needle  prick. 

The  sine  qua  non  of  hand  disinfection  is  soap  and  water,  plus  time  and  elbow 
grease.  To  begin  with,  the  hands  should  be  socially  clean,  then  on  to  the  dry 
skin  is  rubbed  a  small  lump  of  green  soaj).  This  is  thoroughly  a[)plied  to  the 
hands  and  to  the  arms  as  far  up  as  the  elbow,  and  the  process  of  rubbing  is  con- 
tinvKMl  until  the  soap  has  apparently  di.sappeared.  The  hands  and  arms  are  now 
immersed  in  hot  sterile  water  and  scrubbed  for  five  minutes  with  a  moderately 
stiff  brush.  They  are  then  dried  on  a  sterile  towel  and  each  finger  nail  is  carefully 
gone  over  with  a  nail  file — a  small  pointed  stick  of  hard  wood  is  preferred  by 
some — to  remove  any  foreign  matter  that  may  be  present.  The  brushes  antl 
nail  files  are  kept  in  a  1  :  30  carbolic-acid  solution.  A  second  application  of 
gi-een  soap  is  now  made,  anil  the  hands  and  arms  are  thoroughly  scrubbed  in 
sterile  water.     After  rinsing  in  sterile  water  the  hands  should  be  surgically  clean. 

This  outline  of  hand  disinfection  mav  be  variouslv  modified  or  extended. 
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In  many  clinics  tiic  niutiru'  is  inucli  aslias  just  iicciuiescnbed,  but  in  addition  the 
hands  and  anus  arc  soai^cd  in  an  aniiscjitic  solution,  usually  Of)  ])cr  cent  alcohol  or 
1  :  1,(J()0  bichloride  solution.  Other  ojierators  use  chloride  of  lime  or  jjotassium 
permanganate,  followed  by  oxalic  acid.  It  is  the  writer's  opinion  that  all  dis- 
infectants, except  .soap,  are  unnecessary,  and  even  as  the  ejioch-making  Listerism 
ha.s  given  way  to  modern  asepsi.s  .so  in  the  smaller  details  of  operative  technicjue 
have  the  stronger  disinfectants  waned  in  usefulness.  Furthermore,  the  skin 
that  is  most  readily  cleansed  is  the  one  that  is  soft  and  pliable,  and  the  constant 
employment  of  most  disinfectants  makes  the  e]>idermis  rough  and  irregular,  even 
if  it  does  not  give  rise  to  a  dermatitis. 

Rubber  gloves  are  sterilized  by  boiling  for  ten  minutes.  This  is  best  done 
just  prior  to  the  operation,  and  they  are  then  transferred  to  a  .sterile  basin  con- 
taining bichloride-of-mercury  solution,  1:2,000,  or  simply  sterile  water.  The 
gloves  are  easily  put  on  by  first  filling  them  with  the  solution  aiul  tlien  pushing 
the  fingers  and  hand  into  the  distended  glove  and  .so  displacing  the  fluid.  Some 
surgeons  prefer  to  put  on  diy  gloves,  and  in  such  cases  they  are  dried  and  kept 
in  sterile  talcum  powder. 

IXSTRUMENTS   AND    SUTURE    M.^TERIAL. 

Instruments. — Nearly  every  form  of  instrument  is  so  made  that  it  is  unharmed 
by  boiling  water.  All  instrimients  .should  be  kept  in  a  clean  dry  condition,  and 
just  jjrior  to  operation  they  arc  sterilized  by  boiling  for  from  twenty  to  thirty 
minutes.  Knives,  however,  have  their  edges  injured  by  such  a  process  and, 
because  of  their  simple  construction,  it  suffices  to  boil  them  for  one  minute,  or 
they  may  be  sterilized  in  1  :  20  carbolic-acid  solution. 

Soiled  non-cutting  instruments  are  cleansed  by  washing  in  soap  and  water 
antl  then  scrubbing  them  with  a  brush  and  some  sapolio  or  prepared  powder. 
They  are  then  rinsed  and  boiled  in  water  to  which  carbonate  of  soda  has  been 
added  in  the  proportion  of  a  tablespoonful  of  soda  to  a  quart  of  water.  They 
are  then  dried  and  \m\.  away  in  a  moistiu'c-free  case.  If  blood-covered  instru- 
ments are  boiled  before  being  cleaned  it  is  found  that  the  albuminous  material 
is  firmly  coagulated  and  diflRcult  to  dislodge. 

Suture  Material. — The  suture  materials  most  conunordy  employed  are  catgut, 
horsehair,  silkworm  gut,  and  celloidin  linen.  At  the  discretion  of  the  operator, 
or  for  special  reasons,  metallic  sutures  of  silver  wire,  silk  thread,  and  kangaroo 
tendon  are  all  in  use. 

Catgut  is  the  most  extensively  employed  suture  material,  and,  under  favor- 
able conditions,  is  by  far  the  best  substance  for  the  purpose.  There  are  two 
essential  points  in  the  use  of  this  material  that  must  be  emphasized,  and  dis- 
aj^pointing  results  from  catgut  can  always  be  ascribed  to  the  lack  of  observance 
of  these  two  factors.     (1)  The  material  must  be  sterile.     (2)  The  sutures  must 
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bo  drawn  and  tied  not  too  tightly.  As  regards  th(>  first  point  it  is  advisable  in 
hospital  work  to  delegate  the  sterilization  of  the  eatgut  to  one  responsible  person 
who  has  mastered  the  technique  of  the  iiroccss  so  as  to  obtain  viiiiforni  results. 
The  head  nurse  of  the  operating-room  is  usually  best  fitted  to  manage  the  work. 
The  prepared  eatgut  put  on  the  market  by  eonnnercial  houses  is  usually  satisfac- 
tory, but  always  contains  an  element  of  unceitainty  as  to  its  aseptic  finality. 
The  other  essential  point  in  using  catgut  has  been  frequently  emphasized,  but 
ne\'ertheless  is  often  forgotten.  If  the  suture  is  tied  too  tightly,  pressure  necrosis 
follows,  and,  although  the  gut  may  be  sterile  and  the  wound  clean,  yet  a  stitch 
abscess  results.  The  reason  for  this  is  that  the  injured  tissue  offers  an  area  of 
lowei'cd  resistance,  and  a  stajihylococcus  from  the  skin  is  able  to  get  a  foot- 
hold, whereas  in  healthy  tissue  it  woidd  be  (juickly  destroyed  by  the  ])rotective 
elements  in  the  lymph,  etc. 

Catgut  is  best  sterilized  by  Bartlett's  method.  Accordingly  it  is  dried  in  a 
hot-air  chamber,  with  the  [irecaution  of  not  permitting  it  to  touch  the  side  walls 
of  the  sterilizer,  which  would  render  the  gut  brittle.  The  process  of  heating 
shoukl  jirocced  slowly  and  the  temperature  never  be  allowed  to  exceed  220°  F. 
At  180°  the  thermometer  should  be  carefully  watched  to  prevent  the  temper- 
ature rising  too  rapidly,  and  it  should  be  hckl  at  220°  for  about  thirty  minutes. 
The  catgut  is  next  transferred  with  sterile  forceps  to  an  asbestos-lined  kettle, 
where  it  is  allowed  to  remain  in  li(|ui(l  albolene  for  twenty-four  hours.  It  is 
then  heated  on  a  sand  bath  in  which  the  temperature  is  gradually  elevated  to 
320°  F.  and  maintained  at  this  point  for  one  and  one-half  to  two  hours.  The 
same  precaution  is  to  be  employed  in  regard  to  the  rise  of  temperature  while  the 
gut  is  in  the  oil  as  that  employed  while  it  is  in  hot  air,  viz.:  that  after  the 
temperature  reaches  280°  it  should  be  watched  very  carefully  antl  it  is  better 
to  keep  the  temperature  at  318°,  that  is,  just  short  of  320°  F.,  as  any  rise  above 
320°  wovdd  cause  catgut  to  become  brittle.  The  asbestos-lined  kettle  just 
spoken  of  is  covered  with  cardboard,  through  the  centre  of  which  the  thermo- 
meter is  passed.  Lastly,  the  catgut  is  kept  in  a  sterile  condition  in  glass  jars  con- 
taining one-per-cent  crystal  iodine  in  best  Columbian  spirits.  Grain  alcohol 
shoukl  not  be  used.  It  is  well,  after  the  gut  has  been  boiled  in  oil,  to  hold 
it  up  to  allow  the  excess  of  oil  to  drip  from  it.  The  sizes  used  are  numbered 
1,  2,  3,  and  4. 

Ordinary-  catgut,  as  prepared  above,  is  completely  absorbed  in  from  seven 
to  ten  days,  while  it  loses  its  strength  several  days  sooner.  For  this  reason 
chromicized  catgut  is  valuable,  as  it  is  absorbed  only  in  three  to  six  weeks' time. 
It  is  readily  jjrepared  by  first  soaking  ordinary  catgut  in  ether  so  as  to  dissolve 
out  the  fat  particles,  after  which  it  is  placed  in  a  f()vu--])er-cent  a(iueous  solution 
of  chromic  acid,  where  it  remains  for  twenty-four  hours.  It  can  then  be  sterilized 
by  the  Bartlett  method.  (For  fiulher  details  regarding  the  sterilization  of 
catgut  the  reader  is  referred  to  \o\.  I.,  ]».  728  et  seq.) 
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Silkwiii-in  <;ut  is  rcmlcriMl  sterile  hy  lioiliiii;-  it  witii  llie  iiistniiiient.-,  or  it  may 
be  sterilized  aionji  witii  the  dressiiijis  in  tiie  steam  sterilizer  for  one  aiutonc-half 
to  two  hours.  Wlu'ii  it  is  not  to  be  used  at  once  it  is  kept  in  j!;rain  alcohol, 
sixty-per-eent  strength,  to  which  crystals  of  iodine  have  been  added  in  the  pro- 
portion of  1  ;  1(10. 

Horsehair  is  first  prepared  by  occasional  washing  in  soap  and  water  for  five 
or  six  days,  the  water  being  changed  daily.  It  is  then  placed  in  a  1  :  1,000  so- 
lution of  mercury  bichloride  for  twenty-four  hours,  after  which  it  is  boiled  for 
three  minutes.  It  is  preserved  in  jars  containing  one  per  cent  crystal  iodine  in 
Columbian  spii'its. 

Silk  thread  and  Pagen.stecher's  celloidin  linen  thread  are  both  insoluble  and 
remain  unabsorbed  in  the  tissues.  For  this  reason  their  fiekl  of  usefulness  is 
limited,  as  they  act  as  foreign  bodies  and  are  particularly  unsuitable  in  the  region 
of  an  infected  area.  The  celloidin  thread  is  generally  safer  than  silk  because  its 
smooth  surface  and  firmer  texture  do  not  favor  the  lodgment  of  bacteria. 

Both  these  materials  are  sterilized  by  being  boiled  with  the  instruments,  but 
repeated  boiling  of  celloidin  thread  renders  it  friable.  Silver  wire  is  now  but 
little  used.     It  is  sterilized  by  boiling. 

Kangaroo  tendon  is  too  expensive  to  come  into  very  general  use.  Like 
catgut  it  is  difficult  to  sterilize,  but  has  the  advantage  over  catgut  in  being 
stronger  and  less  liable  to  come  untietl.* 

Si'f)XCES  AXD  Pads. 

Sponges  are  of  two  kinds,  the  so-called  gauze  sponges  antl  the  natural  sea 
sponges.  Sponges  made  of  folded  surgeon's  gauze  have  practically  replaced 
the  natural  variety  in  most  operative  clinics.  The  gauze  is  cut  into  pieces  of 
suitable  size,  and  these  are  then  folded  into  a  convenient  shape  and  in  such  a 
manner  that  the  loose  frayed  edges  are  infolded.  All  loose  threads  should 
l)e  removetl.  These  si)onges  are  placed  in  cotton  bags  and  are  sterilized  in 
the  steam  sterilizer. 

Sea  sponges  have  a  greater  alisorbing  power  and  are  more  elastic  and  yielding 

*I)r.  Henry  O.  Marcy,  of  Boston,  Mass.,  thus  describes  an  efl'ective  metliod  of  ."terilizing 
kangaroo  tendon;  "The  tendons  are  taken  from  recently  killed  animals,  are  quickly  sun  dried, 
and  kept  dry  till  ready  for  preparation.  They  are  then  soaked  until  soft  in  a  sublimate  .solu- 
tion (1:1,000),  carefully  separated,  sorted,  and  quickly  dried.  They  are  then  immersed  in 
ether  for  twenty-four  hours,  although  this  is  hardly  necessary,  as  they  seem  absolutely  free  of 
fat.  After  this  they  are  chromicized  and  permanently  put  up  in  a  solution  of  carbolic  oil 
(1:10),  after  the  Lister  fonnula  for  the  preparation  of  catgut.  They  should  be  kept  in  the 
carbolized  oil  until  required  for  use,  then  wrappeil  in  a  towel  wrung  from  1 :  1 ,000  mercuric  solu- 
tion for  a  few  minutes,  which  makes  them  supple  and  easy  of  application.  They  do  not  soften 
and  swell  as  catgut  similarly  treated.  It  must,  however,  be  remembered  that  every  precau- 
tion of  modern  surgery  is  demanded  in  placing  aseptic  buried  sutures  aseptically  in  aseptic 
wounds."  (Transactions  of  the  .\merican  Association  of  Obstetricians  and  GjTia'cologists, 
vol.  iv.,  1891,  p.  ISO.) 
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than  gauze  sponges.  It  is  for  these  rea.sons  that  some  operators  still  make  use 
of  them.  Their  preparation  is  as  follows:  Sponges  are  selected  that  are  aljout 
four  or  five  inches  in  diameter.  These  are  placed  for  twelve  to  twenty-four 
hours  in  a  solution  of  hydrochloric  acid,  1  :  GO,  in  order  to  dissolve  out  the  par- 
ticles of  lime  which  they  contain.  Following  this  they  are  thoroughly  washed  in 
running  water  and  then  placed  for  Fifteen  minutes  in  a  saturated  solution  of  potas- 
sium permanganate.  The  nurse  then  puts  on  sterile  I'ubber  gloves,  squeezes  each 
sponge,  and  places  it  in  a  warm  saturated  solution  of  oxalic  acid  until  thorough- 
ly bleached.  They  are  then  washed  free  of  the  acid  in  sterile  water  and  placed 
in  large  glass  jars  containing  1  :  30  carbolic-acid  solution.  Just  prior  to  operation 
several  sponges  are  lifted  out  with  sterile  forceps  and  transferred  to  a  disli  of 
sterile  water  or  salt  solution,  in  which  they  are  thoroughly  rinsetl  and  scjueezed 
and  are  then  put  in  a  second  basin  of  salt  solution.  They  can  then  be  cut  into 
smaller  sizes  if  desired  and  fastenetl  on  to  sponge-holders  and  trimmed  to  a  suit- 
able shape.  Sponge  sticks  so  arranged  are  especially  useful  in  sponging  deep  in 
the  pelvis,  etc. 

The  gauze  pad,  or  Mikulicz  pad,  consists  of  several  layers  of  gauze  foKlcd  into 
a  rectangular  shape  and  sewed  so  as  to  present  no  frayed  edges.  They  may  be 
made  in  various  sizes  and  should  always  have  a  piece  of  tape  seweil  on  to  one 
corner.  The  number  of  pads  used  at  each  ojieration  should  be  known  in  every 
instance,  so  that  before  the  alxlomen  is  closed  they  can  be  counted  and  checked  to 
make  certain  that  no  pads  are  left  within  the  cavity.  The  long  tapes  ai-e  a  further 
safeguartl  in  this  direction  as  they  are  left  outside  the  wound  and  can  be  tem- 
porarily clamped  by  an  artery  forceps  to  the  towels.  The  larger-sized  Mikulicz 
pads  are  especially  useful  in  packing  off  the  intestines  or  other  viscera,  and  they 
should  be  wrung  out  in  warm  salt  solution  before  being  placed  in  position.  The 
smaller  sizes  are  used  as  sponges.  The  pads  are  most  conveniently  placed  in 
bundles  of  five  or  ten,  wrapped  in  cotton  cloth,  and  sterilized  in  the  steam  steril- 
izer along  witli  the  dressings  for  one  and  one-half  to  two  hours. 

An  abundance  of  towels  should  be  always  on  hand,  as  they  are  used  for  a 
variety  of  purposes.  They  ai-e  made  into  packages  of  five  to  ten,  covered  with 
cotton  cloth,  and  sterilized  in  the  steam  sterilizer.  Larger  and  smaller  sheets 
of  cotton  cloth  are  used  as  coverings  for  the  patient,  the  tops  of  tables,  etc.  The 
sterile  sheet  that  is  laid  over  the  patient  in  coeliotomy  cases  is  about  six  feet 
sciuare  and  has  an  opening,  or  window,  about  five  by  ten  inches  so  placed  as  to 
lie  over  the  field  of  operation  when  the  sheet  is  adjusted. 

Draixace  Material. 

Gauze  and  other  fabric  structures,  either  j^lain  or  medicated,  are  common 
materials  for  drainage  and  are  supplemented  by  rubber  tissue,  rubber  tubes, 
and  glass  tubes.     In  regartl  to  the  abdominal  cavity  it  has  been  clearh'  de- 
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monstratcd  that  drainage  is  not  as  necessary  a  feature  as  has  foinierly  been 
thouglit.  If  (h-iiiiiagc  is  (Iccnicil  expcihcnt  tiic  hcst  icsuHs  arc  obtained  by 
the  use  of  the  split  spiral  rubber  tube,  or  else  the  so-called  cigarette  ilraiii  with 
textile  fabric  unexjjoscd  to  ])eritoneal  contact. 

The  successful  i)lacing  of  a  gauze  drain  is  an  art  that  I'equires  careful  con- 
sideration in  each  individual  case.  The  very  oliject  for  which  the  gauze  is 
inserted  may  be  defeated  if  it  is  thoughtlessly  craiiuucd  into  a  gaping  wound, 
anrl  the  ease  with  which  the  drainage  material  may  subsequently  be  removed 
is  usually  in  direct  proportion  to  the  care  with  which  it  is  inserted.  The  first  care 
in  selecting  a  gauze  drain  is  to  see  that  all  the  frayed  edges  are  infolded  or  else 
selvedged  so  that  small  threads  will  not  break  off  and  be  l(>ft  in  the  abdominal 
cavity  as  foreign  bodies.  Then,  if  a  single  strip  of  gauze  is  to  be  used,  one 
end  is  placed  at  the  bottom  of  the  wound,  and  the  rest  is  loosely  packed  by 
i-unning  it  back  and  forth  in  successive  plaits.  In  no  instance  should  pressure 
be  allowed  on  the  surface  of  the  bowel  or  other  viscera.  In  other  instances 
several  strips  of  gauze  may  be  introduced  which  run  in  a  parallel  direction 
clown  to  the  bottom  of  tlie  part  to  be  tlrained. 

It  is  generally  recognized  that  there  are  many  better  ways  of  securing  drainage 
than  that  afforded  by  the  use  of  gauze  alone.  The  chief  advantage  that  accrues, 
in  certain  cases,  from  gauze  drainage  is  in  the  adhesions  that  are  formed  about 
the  gauze.  It  is  the  formation  of  these  adhesions  that  has  led  many  sur- 
geons to  condemn  the  employment  of  gauze,  but  itshoukl  be  remembered  that 
there  is  a  class  of  cases  in  which  a  successful  result  depends  upon  the  shutting  off 
of  an  area  by  adhesions.  It  is  in  just  these  cases  that  gauze  drainage  is  indicated 
and  should  be  used.  Associated  with  this  proper  employment  of  gauze  should 
be  understood  the  I'elation  that  is  set  up  between  the  gauze  and  the  tissues, 
which  has  a  practical  bearing  on  the  time  of  removal  of  the  drain.  In  the  first 
twenty-four  hours  an  abundance  of  lymph  is  thrown  out  around  the  gauze;  this 
quickly  organizes  and  becomes  invaded  by  newly  formed  blood-vessels.  If  the 
gauze  is  removed  during  this  process  it  breaks  up  these  small  vessels  and  so 
interferes  with  the  organization  of  the  tissue.  As  the  process  occupies  about  six 
or  seven  days,  the  gauze,  inserted  for  the  express  purpose  of  inducing  adhesions, 
should  not  be  removed  luitil  this  length  of  time  has  expired.  On  the  third  or 
fourth  day,  however,  the  gauze  may  be  "started"  and  the  central  portions  of 
gauze  may  be  removed  in  those  cases  in  which  several  strips  have  been  introduced. 
Thismanoeuvre  relieves  pressure  and  accustoms  the  drainage  tract  to  a  gradual 
closing  process.  On  the  seventh  or  eighth  day  atlhesions  are  firm  enough  to 
allow  of  the  total  withdrawal  of  the  gauze,  which  is  now  found  to  have  loosened 
up  considerably  as  compared  with  its  rather  firm  union  with  the  tissues  during 
the  first  few  days. 

The  cigarette  drain  is  one  of  the  most  satisfactory  forms  in  which  to  provide 
temporary  communication  between  the  bottom  of  a  cavity  and  the  exterior. 
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It  is  easily  made  by  rolling  a  .stri])  of  gauze  in  a  covering,  or  wrapper,  consisting 
of  a  thin  sheet  of  rubber  protective  tissue  that  is  about  six  inches  square.  The 
gauze  should  not  ]jroject  from  the  lower  end  excejat  for  special  purposes,  and 
then  not  more  than  one  inch,  and  this  end  should  be  free  from  frayed  edges. 
After  this  drain  is  inserted,  the  upper  end  is  cut  off  about  a  quarter  of  an  incli 
above  the  surface  of  the  skin. 

Tliere  is  one  serious  drawback  to  all  forms  of  gauze  drainage,  and  that  is  due 
to  the  fact  that  the  meshes  in  the  gauze  soon  become  clogged  up  with  lymph 
or  fibrin  and  then  it  ceases  to  tlrain.  For  this  reason,  where  much  fluid  discharge 
is  to  becarried  off,  it  is  preferred  to  use  tube  drainage.  For  this  jjurpose  one  uses 
either  a  piece  of  soft-rubber  tubing  or  a  speciall}'  shaped  glass  tube.  These  tubes 
are  usually  open  at  the  lower  end  and  in  addition  have  a  number  of  small  per- 
forations along  the  sides.  A  sterile  wick  is  usually  i)asse(l  down  within  the 
tube,  and  this  can  be  pulled  out  when  required,  and  a  fresh  one  put  in. 

In  many  respects,  for  pure  drainage,  the  perforated  glass  tube  is  the  best  be- 
cause its  smooth  hard  surface  tloes  not  invite  ailhesions.  The  tube  should  be  of 
such  a  length  that  it  does  not  project  for  more  than  a  quarter  of  an  inch  above 
the  surface  of  the  abdomen.  If  it  is  longer  than  this  the  pressure  exerted  by  the 
dressings  and  hinder  might  cause  it  to  press  upon  the  bowel,  producing  necrosis 
and  a  resulting  fa'cal  fistula.  It  is  generally  advisable  to  replace  the  glass  tube, 
after  the  first  twenty-four  hours,  with  a  smaller  soft-rubber  tube.  This  can 
easily  be  inserted  inside  of  the  glass  tube,  and  then  the  latter  pulled  out. 

It  is  not  purposed  hei'c  to  tliscuss  the  indications  for  drainage  nor  the  tech- 
nique of  drainage  in  different  operative  procedures.  The  employment  of  stab 
drainage,  vaginal  pimcture,  etc.,  is  fully  dealt  with  in  other  appropriate  chapters. 
The  exposed  ends  of  all  kinds  of  drainage  tubes  should  be  covered  with  a  goodly 
amount  of  sterile  gauze  or  cotton  to  quickly  absorb  all  discharges  that  are 
bi'ought  to  the  surface.  It  is  almost  needless  to  mention  that  all  drainage 
material,  dressings,  etc.,  that  come  into  contact  with  the  wound  should  be 
thoroughly  aseptic,  and  that  all  subsecjuent  manipulation  and  dressing  of  the 
parts  should  be  done  with  sterile  instruments. 

Gauze  for  drainage  use  may  be  medicated  in  various  ways.  The  chief  sub- 
stances, however,  that  are  incorporated  in  gauze  are  iodoform  and  bismuth. 
"  Iodoform,"  to  cjuote  from  Hare,  "  occupies  a  unique  place  among  antiseptics  in 
having  been  almost  universally  accepted  and  useil  by  surgeons  in  spite  of  the 
fact  that  its  germicidal  action  has  been  proved  by  laboratory  research  to  be  practi- 
cally nil.  Furthermore,  it  has  been  shown  that  iodoform  is  not  even  sterile,  and 
that,  as  employed  by  surgeons,  it  is  frequently  a  cause  of  infecting  previously  asep- 
tic wounds ;  furthermore,  it  is  poisonous."  But  the  same  writer  then  .shows  that 
the  drug  acts  as  a  powerful  disinfectant,  not  by  destroying  germs,  but  by  under- 
going a  decomposition  in  their  presence,  the  ]5roducts  of  which  render  the 
ptomains,  the  result  of  germ  growth,  inert.     "  It  will  be  readily  understood  from 


142  AMEKK'.W   PRACTICl-:  OF  SURdlJiV. 

the  foregoing' tliat  iodofoi-ni  is  of  rntlcscrvici' in  ;is('])llc  wounds:  lliat  it  l)Cfoinc.s 
of  utility  in  direct  ])roi)ortion  to  tlu^  foulness  of  discharge;  and  tliat  1o  exert  its 
influence  it  must  Im-  a])plied  directly  to  the  i)art." 

Iodoform  gauze  may  be  pi'cpared  in  two  ways.  Tn  small  amounts  it  is  readily 
made  liy  i'ul)l)ing  jiowdered  iodoform  into  gauze  that  has  lieen  moistenecl  with 
wat(>r  or  a  weak  solution  of  liichloride.  it  is  genc-rally  prepared  for  hosjatal  use 
as  follows:  one  part  of  ])uh'erize(l  iodofoi'ui  is  tlioroughly  mixed  with  four  parts  of 
glycerin  and  eight  |)arts  of  alcohol.  The  gauze  i.s  now  moistened  in  a  weak  solution 
of  mercury  bichloride  and  the  iodofoi-m  ]iaste  thoroughly  rubbed  into  its  meshes. 

Bismuth  gauze  is  preferi-ed  by  some  operators  because  of  the  not  infi/viuent 
susceptibility  of  some  individuals  to  iodoform.  It  can  be  prepared  in  much  the 
same  way  as  outlined  aliove,  by  substituting  the  subnitrate  or  subiodide  of  bis- 
muth for  the  iodoform. 

Iodoform  anc^l  i)ismuth  gauze,  as  prepared  above,  may  be  sterilized  by  steam. 

Dressings. 

The  essential  features  of  a  good  dressing  arc:  (1)  It  should  be  of  sufficient 
extent thoroughlj^  to  cover  the  wovmd  and  its  contiguous  territory;  (2)  it  should 
be  firmly  and  neatly  applied;  (3)  it  should  not  exert  undue  pressure  on  bony 
prominences  nor  be  tight  enough  to  interfere  with  the  circulation  of  the  part;  (4) 
it  should  serve  to  put  the  jjart  at  rest,  while  having  due  regard  for  the  comfort 
of  the  ])atient;  (•'))  in  open  wounds  it  should  \h-  api>lie(l  in  a  sterile  condition  and 
so  protected  as  to  prevent  contamination  from  the  outside;  (6)  in  tlrainage 
cases  it  should  be  of  an  absorbent  material  and  of  sufficient  abundance  to  care 
for  the  amount  of  discharge  that  may  escape  from  the  wound. 

It  is  not  purposed  here  to  discuss  the  different  forms  of  dressing  that  are 
suitable  for  various  oiierative  procedures.  The  chief  material  used  in  dressings 
is  surgeon's  gauze,  or  cheesecloth,  sujiiilementcd  by  absorbent  cotton.  There 
may  be  incorporated  into  di-essings  for  special  purposes  such  substances  as  starch, 
plaster  of  Paris,  etc.  Furthermore,  dressings  may  be  medicatetl  with  various 
germicides  and  disinfectants  and  the  dressing  may  be  ajiplied  dry  or  wet.  Other 
substances  u.scd  for  dressings  are  silver  foil,  collodion  containing  one  grain  of 
mercury  bichloride  to  the  ounce,  etc. 

As  a  general  thing  the  simpler  dressings  suffice.  In  clean  ccchotomy  cases, 
for  instance,  the  operative  site  may  be  covered  w'ith  several  layers  of  dry  sterile 
gauze,  and  over  this  is  pinned  a  binder.  It  is  advisable  so  to  fasten  the  dressings 
that  the  wound  may  be  uncovered  without  tlisturbing  the  jsatient.  Binders, 
lieing  made  in  one  piece,  do  not  well  conform  to  the  shape  of  the  body,  and 
for  this  reason  it  is  better  to  use  a  Scultetus  bandage  made  of  strips  of  canton 
flannel.  Another  simple  way  to  hold  dressings  in  place  is  to  have  on  hand 
strips    of  adhesive  plaster  one  inch  and  one-half   wide  and  aliout  ten  inches 
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long,  to  one  end  of  which  a  piece  of  tape  has  been  sewed.  Two  or  three  pairs  of 
these  are  fastened  to  the  patient's  flanks,  so  that  the  tapes  meet  across  the 
median  Unc,  where  they  can  be  tied. 

Tlie  wet  l)iclilori(h>  dressing  is  widely  used  and  simply  consists  of  gauze  moist- 
ened with  a  solution  of  bichloride  of  a  strength  of  1  :  1,000  or  1  :  2,000.  A 
strip  of  this  kind  can  be  laitl  over  the  rows  of  sutures  antl  then  covered  with  sterile 
dry  gauze. 

The  Operatixg-Room. 

The  time  is  i)assing  when  any  but  trivial  operations  will  be  done  outside  of 
hospitals.  There  is  abundant  reason  why  this  should  be  so,  because  of  the  added 
safety  to  the  patient  as  well  as  the  greater  convenience  and  expediency  and 
the  great  saving  of  labor  engendered  by  the  systematic  adjustment  of  tiie 
operating-room  machiner^^  In  certain  cases,  however,  in  which  the  patient 
cannot  be  moved,  it  will  always  be  necessary  to  operate  in  the  home  untler 
conditions  not  the  most  favorable  for  brilliant  results.  Nevertheless,  a  simple 
but  rigid  technique,  coml)incil  witli  a  certain  amount  of  rcsou.rcefulness, 
should,  in  many  instances,  afford  the  patient  tiie  advantages  to  be  had  in 
the  hospital. 

The  hospital  operaiin<i-room  may  l)e  a  square  or  rectangular  apartment 
with  moderately  high  ceiling.  The  walls  should  Ijc  jicrfectly  liare,  witliout 
mouldings  or  cornices,  while  all  corners  should  be  roimded  off  to  prevent  lodg- 
ment of  dust  j)articles.  In  cities  it  is  always  prefen-etl  to  have  this  room  on  the 
top  floor  of  the  hospital  building,  at  which  height  the  atmosphere  is  freer  from 
dust  than  at  the  street  level.  An  abundance  of  light  should  be  secured  by  a  sky- 
light or  In-  large  windows,  and  it  is  much  preferred  that  the  room  have  a  northern 
exposure.  The  walls  and  ceiling  should  have  a  hard  waterproof  finish ,  so  tliat  they 
can  be  wiped  down  with  wet  cloths.  The  floor  is  made  of  cement,  or  is  tiled, 
so  that  an  abundance  of  water  may  be  used  daily  in  washing  off'  the  floor.  It  is 
very  inadvisal)le  to  have  a  drain  pipe,  or  trap,  in  the  floor,  as  is  not  infi-cMjuently 
seen  in  operating-rooms,  because  such  a  contrivance  is  hard  to  kecj)  clean  and 
may  harbor  the  most  virulent  organisms. 

The  proper  ventilation  reciuires  particular  consideration.  The  windows 
serve  merely  for  furnishing  the  needed  amount  of  light,  and  under  no  circumstances 
>hould  be  opened  prior  to  or  during  an  operation.  AMiile  the  technical  details 
of  ventilation  cannot  be  touched  upon  liere,  the  chief  considerations  are  to  secure 
a  necessary  supply  of  clean  air  and  to  provide  the  necessary  exits  or  outlets. 
Under  no  circumstance  should  the  system  of  ventilation  give  rise  to  currents  of 
air  in  the  area  occupied  by  tlie  operating-table  because  of  the  danger  of  chilling 
the  patient  while  adding  to  the  possibility  of  infection.  As  will  be  readily  under- 
stood, steam  or  hot-water  heating  is  much  preferred  over  hot  air. 

Artificial  light  is  best  furnished  by  an  inverted  glass  dome-Hke  projection  in 
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the  ceiliii^^  whii'li  contains  electric  or  f>;as  fixtures,  as  sucli  a  contrivance  is  much 
better  than  chandeliers  and  brackets. 

Only  tlic  minimum  amount  of  necessary  fui-niturc;  should  be  foiuid  in  the  oper- 
ating-room, and  this  should  be  of  the  simjjlest  construction.  Instrument 
closets,  shelves,  stationary  wash  basins,  steriliz(>rs,  etc.,  should  be  in  an  adjoining 
apaitnient.  The  necessary  equipment  consists  of  the  operating-table,  a  table  for 
instruments  and  one  for  pads,  sponges,  and  dressings,  a  few  stools,  and  a  recepta- 
cle for  soiled  articles.  These  pieces  of  furniture  are  best  constructed  of  enameled 
metal  ware  and  heavy  plate  glass,  should  be  light  but  strong  in  construction,  and 
should  be  free  from  angles  and  crevices  which  will  prevent  thorough  cleaning. 

Immediately  adjoining  the  operating-room,  or  in  very  close  proximity  to  it, 
are  the  rooms  for  atlministering  the  ana'sthetic,  the  surgeons'  dressing-room 
with  the  basins  and  solutions  for  hand  disinfection,  and  the  sterilizing-room  with 
its  necessary  apjjurtenances. 

Operating  at  the  patient's  home  may  be  necessary,  and  it  is  always  well  for  the 
surgeon  to  be  fully  prepared  for  any  emergency  that  may  arise.  As  a  rule  this 
applies  more  to  those  men  who  are  engaged  as  railway  surgeons,  and  the  many 
details  connected  with  this  class  of  emergency  surgery  will  be  fully  dealt  with 
in  another  chapter.  (See  Vol.  VHI.)  But  the  man  located  in  sparsely  settled 
districts,  away  from  hospital  centi'es,  is  often  called  to  do  serious  major  opera- 
tions, and  with  the  more  limited  facilities  come  even  added  responsibilities. 

If  it  is  decided  to  operate  in  a  private  dwelling,  and  the  case  is  not  an 
urgent  one,  a  room  should  be  selected  for  the  ])urpose,  all  furniture  removed,  the 
carpets  taken  up,  and  all  hangings  removed  from  the  walls  and  windows.  The 
walls  should  be  wiped  down  with  a  damp  cloth  and  the  floor  then  thoroughly 
cleaned  with  hot  water  and  soap.  In  the  event  of  an  emergency  case,  how- 
ever, as  little  disturbance  as  possible  properly  to  meet  the  demands  should  be 
made  because  it  only  serves  to  stir  up  the  dust.  Hangings  should  be  left 
untouched.  Clean  sheets  carefully  fastened  to  the  walls,  especially  those  near- 
est to  the  patient,  are  advisable.  The  floor  should  be  well  sprinkled  with 
plain  water  or  a  solution  of  mercury  bichloride  or  carbolic  acid. 

It  is  most  advisable  that  the  operator  bring  his  suture  and  drainage  material, 
sponges,  towels,  and  dressings,  already  sterilized,  so  that  it  will  simply  be  necessary 
to  boil  the  instruments  at  the  patient's  home.  A  quantity  of  boiled  and  cooled 
water  should  be  on  hand,  and  this  is  most  conveniently  contained  in  a  large  wash 
boiler.  Several  china  basins  and  pitchers  should  be  sterilized  by  boiling  or  with 
carbolic  acid  1  :  20,  and  then  covered  with  sterile  towels.  In  place  of  instru- 
ment trays  one  can  use  plates  and  platters,  or  enameled  or  agateware  dishes, 
etc.,  may  be  at  hand  or  can  be  bought  at  a  shop. 

An  improvised  operating-table  can  be  variously  made,  unless  the  surgeon 
carries  with  him  some  form  of  portable  table,  several  kinds  of  which  are  on  the 
market.     A  kitchen  table  is  most  generally  brought  into  use,  and  on  this  may  be 
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placed  a  narrow  wardrobe  door  or  a  window  shutter.  The  Trendelenburg  post- 
ure can  be  arranged  for  by  tipping  u])  a  small  straight-back  chair  on  the  tai)l(' 
and  leaning  the  improvised  board  on  this. 

Operations  outside  the  hospital  can  be  comfortably  conducted  with  the  aid 
of  the  surgical  outfit  trunk  as  used  by  Dr.  J.  M.  T.  Finnej',  of  Baltimore.     This 


Fig.  64. — Finney-Pancoast  Trunk,  Closed. 


Fig.  Ci'i. — Fiiuic'\ -i'aiicoast  I'nink  Opened,  and  Tray  Removed  and  Placed  on  One  Side.  The 
surgeon's  instruments  and  the  various  porcelain-lined  basins  and  receptacles  are  shown  as  they  are 
packed  in  one  of  the  halves  of  the  trunk.  The  legs  which  are  to  be  used  in  converting  the  tray  and  the 
two  halves  of  the  trunk  into  separate  tables  (the  two  halves  of  the  trunk  forming  an  operating-table), 
are  packed  in  the  other  half.  In  the  illustration  most  of  these  legs  have  been  unpacked  and  placed  in 
tlieir  respective  sockets. 

trunk  is  about  the  .'^ize  of  a  small  steamer  trunk  and  is  kept  packed  with  all  the 
necessary  supplies  for  an  operation  except  the  instruments,  and  these  can  be 
quickly  ])ut  in.     The  chief  novelty  about  this  trunk,  however,  is  that  it  opens 
vol..  i\ .— m 


146  AMERICAN    PRACTICE  UK  ,SlR(iERY. 

endwise  and  is  so  jointed  and  airanujcd  that  after  Ijeing  emptied  it  is  propped  up 
on  legs  and  serves  as  the  oi)erating-table.  It  can  be  easily  carried  on  a  cab  to 
the  railroad  depot,  cheeked,  and  go  with  the  surgeon  on  the  same  train. 

Dr.  Finney  and  Dr.  Omar  Pancoast  describe  tlicii'  mclhiid  (if  using  this 
outfit  in  the  following  terms: 

The  large  arm  basin  containing  foui-  di-  five  instrument  traj's  is  immediately 
filled  with  al  :  l.OOO  solution  oi  Inchloi'ide  of  mercury  and  the  trays  are  thus  ster- 
ilized by  soaking.  When  taken  out  each  may  be  covered  with  a  sterile  towel  or 
tray  cover.  The  largest  of  the  round  basins  is  filled  with  bichloride  .solution,  and  the 
smallest  of  this  set  is  sterilized  by  shaking  in  the  same  manner.  The  large  basin  is 
finally  used  for  the  operator's  hand-basin  of  liichloride,  and  the  small  one  for  sterile 
water,  salt  solution,  cm'  spong-es  as  the  occasion  requires.     Two  of  the  round  basins 


Fig.  6(1. — Portable  Trendelenburg  Fixtures,  with  the  Separate  Clamps,  Screws,  and  Pins  Needed 
for  Fastening  it  Securely  to  the  Operating-Table.  The  whole  can  readily  be  packed,  together  with 
the  removable  table  legs,  in  one  of  the  halves  of  the  trunk. 

are  used  for  the  saturated  solutions  of  permanganate  of  potash  and  oxalic  acid. 
The  remaining  one  is  for  the  soap  and  water  used  in  shaving  and  cleaning  the  site 
of  operation.  The  instniments  are  carried  packed  in  the  kettle  and  so  may  be 
boiled  at  once. 

In  order  to  form  a  rigid  table  the  trunk  when  o]3en  is  securely  fastened  in  this 
position  by  a  thumb  screw.  The  legs  after  insertion  may  be  clasped  very  tightly 
by  a  few  turns  of  the  screw  which  regulates  the  size  of  the  opening  in  the  corner 
castings.  The  table  is  usually  covered  with  a  folded  blanket,  mackintosh,  sheet, 
and  a  Kelly  or  Morrison  pad  which  drains  into  a  l>ucket  on  the  floor.  When  the 
Trendelenburg  is  used  the  trunk  is  protected  by  a  mackintosh  alone,  while  a  pillow 
is  placed  over  the  cross  rod  of  the  Trendelenburg  to  protect  the  patient's  head  and 
shoulders.  The  various  chemicals  necessary  are  carried  in  ordinary  mailing  cases 
so  as  to  avoid  the  danger  of  breakage  when  glass  bottles  are  carried.     We  use  the 
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wooden  e;i:^es  witli  screw  to]i  after  carefully  washing  them  anil  renioA'inn  the 
wadding  and  parafhn.  Sterile  concentrated  salt  solution,  cocaine,  etc.,  are  carried 
in  bottles  in  mailing  cases  and  are  iireviously  sterilizetl  by  the  following  process: 
A  cork  is  put  lightly  in  the  bottle  containing  the  solution,  and  the  whole  to]3  of 
the  bottle  and  cork  are  then  covered  with  an  absorbent-cotton  shield  fastened 
around  the  neck  of  the  bottle.  After  sterilization  the  cork  is  pushed  home  through 
the  cotton,  and  the  solution  remains  sterile  indefinitely. 

Various  large-sized  handbags  can  be  kept  ou  hand  by  the  surgeon,  and  in 
these  are  packed  the  instruments  together  with  sterilized  and  labelled  packages 


of  sponges,  towels,  gowns,  etc. 
packing  such  a  case : 

Towels,  2  packages  of  five  each. 
Gauze,  3  to  -t  packages. 
Operating  gowns. 
Tablets  of  sodium  chloride. 
Safety  pins. 

Razor. 

Tablets  of  mercury  bichloride. 

Ether,  or  chloi-ofoi-m,  and  mask. 

Rubber  gloves. 

Binder  and  bandages. 


The  following  list  may  serve  as  a  guide  in 

Sterilized. 

Sponges,  2  bags  of  tweiity-hve  each. 
Absorbent  cotton. 
Nail  brushes. 
Infusion  apparatus. 

Unsterilizeil. 

Green  soap. 

Alcohol. 

Rubber  pad. 

Hypodermic  syringe  and  drugs. 

Rubber  sheet. 
Instruments. 


Thio  Opekatiox. 

Choice  of  Anivsthetic. — General  anaesthesia  may  be  ])roduced  by  ether,  chloro- 
form, or  nitrous-oxide  gas.  The  introduction  of  the  dro])  method  has  rcnderc(l 
the  use  of  ether  most  satisfactory,  and  its  far  greater  safety  should  conmiand  its 
general  use.  The  only  instances  in  which  chloroform  can  be  better  substituted 
for  ether  are  in  acute  bronchitis,  and  in  operations  about  the  face  or  mouth  in 
which  the  actual  cautery  is  to  be  used,  or  at  night  in  the  vicinity  of  the  gas  flame. 
Nitrous-oxide  gas  is  of  special  service  in  minor  operations  and,  if  it  is  thought  dc- 
.sirable,  as  a  preliminary  to  ether.  With  the  services  of  a  skilled  anaesthetist, 
however,  this  gas  can  be  used  in  operations  lasting  ten  or  tw'clve  minutes,  al- 
though complete  relaxation  is  difficult  to  secure. 

Local  anaesthesia  by  means  of  cocaine  has  a  rather  limited  field  of  usefulness, 
except  in  palliative  operations  on  desperately  ill  patients,  in  the  removal  of 
goitres,  and  in  minor  surgery. 

The  induction  of  an:rsthesia  by  means  of  intradural  injection  of  cocaine 
or  stovain,  and  liy  the  hypodermic  administration  of  scopolamine   and   mor- 
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phiiio,  hay  not  Ik'cii  widely  acccptcil,  unci  tlie  iiietlioil,  oxcopt,  possibly,  in  certain 
sclcotod  cases,  otters  no  ground  for  adoption  over  tlie  usual  plan  of  adniinistcr- 
iiij;'  ether. 

The  Care  and  Coiiijorf  aj  llic  I'dliml. — The  anu'sthetized  in(h\'i(lnai,  wiiiie  in- 
sensible to  pain,  is  susce))til)lc  to  injury — a  fact  that  is  too  often  lost  sight  of. 
The  patient  should  he  lifted  am!  placed  upon  the  tajjle  with  all  gentleness,  and 
should  then  he  |>laced  in  as  conifortuble  a  ])osition  as  is  compatible  with  the  nature 
(if  the  operation.  S|)eci;d  emphasis  must  be  laid  on  one  point,  and  that  is  to 
su]jport  the  patient's  back  when  lie  is  laid  sui)ine  on  a  harc^l  table.  It  seems 
extraordinary  that  so  little  attention  is  directed  to  this  feature,  when  the  surgeon 
in  his  rounds  day  after  day  finds  the  strongest  men,  when  first  confined  to  bed, 
completely  unnerved  by  a  constant  agonizing  pain  across  the  small  of  the  back, 
w'hile  the  clean-cut  abdominal  wound,  w'ith  its  severed  nerve  tv^^igs,  is  not  even 
mentioned.  It  should  be  remembered  that  general  ansesthesia  causes  complete 
relaxation  of  all  the  voluntary  nuiscles,  and  that  if  the  dorso-lumbar  curve 
in  the  si)inal  coliunn  is  not  su]>ported  the  dead  weight  of  the  coriesponding 
part  of  the  body  falls  ujion  the  spinal  ligaments,  and  a  severe  strain,  if  not  a 
true  sprain,  results.  This  occurrence  can  be  entirely  obviated  by  placing  a 
pillow,  or  inflated  cushion,  under  this  part  of  the  back,  but  the  writer  finds 
the  most  satisfactory  contrivance  is  a  bag  containing  unground  flaxseed.  The 
smooth  seeds  readily  slip  upon  one  another  and  so  arrange  themselves  as  to 
conform  to  the  part  that  receives  the  pressure. 

Great  care  should  lie  taken,  as  to  the  disposition  of  the  aj'uis  and  legs,  that 
they  do  not  fall  over  the  edge  of  the  table  and  so  induce  a  jiressure  jjarah^sis. 
Furthermore,  the  ana'sthetist  should  realize  that  continuous  or  strenuous 
efforts  in  holding  the  jaw  forward  may  seriously  affect  the  patient's  comfort 
for  several  days  after  the  operation  because  of  tenderness  or  lameness  thus 
caused.  Another  point  that  the  operator  should  have  in  mind  is  to  see  that 
the  assistants  do  not  lean  ujjon  the  patient's  chest  or  legs.  While  it  seems 
almost  superfluous  to  mention  this  possibility,  yet  it  is  surprising  how  often 
a  thoughtless  assistant  will  re.st  his  elbow  or  arms  ui^on  the  inseiisii)le  body 
as  if  it  were  a  part  of  the  table. 

It  is  most  important  to  see  that  the  ]iatient  is  w'armly  clad,  because  of  the 
increased  heat  radiation  dui-ing  the  j)eriod  of  anaesthesia  and  unconsciousness. 
Before  the  patient  is  etherized  the  nightgown  should  be  removed  and  a  thick 
canton  flannel  jacket  put  on.  This  should  fasten  down  the  back,  have  long 
sleeves  and  a  short  waist.  The  legs  and  fec>t  should  be  encased  in  long  leggins 
made  of  canton  flannel  or  of  pieces  of  okl  blankets. 

At  no  time  should  any  portion  of  the  body  be  unnecessarily  exposed,  and, 
what  is  most  important,  the  jiatient's  body  must  be  kept  dry.  In  cleaning  up  the 
field  of  operation  a  most  pernicious  practice  consists  in  sousing  the  patient  with 
(juantities  of  sterile  water  or  bichloride  solution,  with  the  result  that  he  lies  in  a 
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pool  of  water  during  the  entire  operation.  0]x^rative  technique  has  now  licen 
perfected  to  such  an  extent  that  these  seemingly  small  details  may  well  be 
looketl  into,  as  they  constitute  a  definite  factor  in  post-operative  mortality. 

The  Incwion. — The  rutting  of  tissues  must  have  regard  for  the  structures 
severed  and  their  subseijuent  power  of  repair.  This  ajjplies  particularly  to 
muscles,  nerves,  and  blood-\-essels,  and  entails  the  knowledge  of  function  as  well 
as  of  morphology'.  The  needless  cutting  of  parts  should  not  be  engendered  as  a 
habit,  but  on  the  other  hand  the  incision  should  be  sufHcicntly  ample  to  allow  foi- 
the  expeditious  examination  and  repair  or  removal  of  discaseil  tissues.  If  one 
attempts  to  operate  through  an  incision  that  is  too  small,  valuable  time  antl 
tissue  vitality  are  often  sacrificed.  Furthermoi-e,  a  long  clean  incision  will  heal 
more  quickly  than  a  short  one  the  eilges  of  which  ha\T  i)een  i)rie(l  apart  with 
retractors  and  otherwise  bruised  and  mishandled. 

Hcrniostasis. — The  careful  conti'olling  of  all  bleeding  points  is  very  essential 
for  two  reasons:  ( 1)  to  conserve  ever}'  possible  particle  ot  blood  in  the  patient's 
body;  and  (2)  to  keep  clear  the  field  of  operation. 

The  first  jjoint  needs  no  arguments,  l)ut,  as  regards  the  secon<l,  the  time  oc- 
cupied in  tying  off'  the  smaller  vessels  is  more  than  made  up  by  the  increased 
facilities  afforded  by  working  in  a  tlry  area.  Small  bleeding  points  may  be  easily 
occluded  by  a  temporary  clamp  or  the  pressure  of  an  artery  forceps,  while  the 
larger  vessels  can  be  i)ieked  up  with  forceps  and  ligatured  with  fine  catgut.  If 
the  actual  bleeding  point  cannot  be  secured  a  mass  ligature  may  be  passed  deep 
into  the  tissues  of  the  part,  but  great  care  should  be  taken  so  as  not  to  include 
the  larger  nerves,  or  ducts,  such  as  the  ureter,  etc.  A  moderate  degree  of  general 
oozing  can  be  controlled  by  temporary  pressure  applied  with  a  gauze  pad,  or  by 
gauze  that  has  been  wrung  out  of  very  hot  water,  while  in  othei'  instances  it  may 
be  necessary  to  sear  the  sui-face  with  the  actual  cautery.  In  operating  upon 
easily  accessible  parts  as  in  the  nose  and  throat,  where  the  dangers  of  secondary 
hemorrhage  are  not  great,  e  nearly  bloodless  field  can  be  secured  by  the  appli- 
cation of  adrenalin  chloride  in  salt  solution  in  strengths  of  from  1  :  1,000  to 
1  :  10,000,  supplemented  if  advisable  by  cocaine. 

The  temporary  occlusion  of  the  largei*  vessels,  as  in  operations  upon  ex- 
tremities, is  best  secured  by  the  pressure  of  a  tourniquet.  The  limb  shoukl  first 
be  well  elevated,  or  else  bandaged,  so  as  to  drive  out  as  nuich  of  the  contained 
blood  as  possible,  then  the  pressure  is  made  at  a  point  well  above  the  operative 
site.  'Care  should  be  enjoined  in  the  application  of  a  toiu-ni(iuet,as  the  amount  of 
pressure  necessary  is  that  which  is  just  sufficient  to  obliterate  the  pulse  in  a  distal 
artery.  A  strong-armed  assistant  may  seriously  aff'ect  the  more  delicate  struct- 
ures of  a  part  and  the  nerve  trunks  by  the  needless  tightening  of  the  clastic  band, 
and  for  this  reason,  too,  it  is  well  first  to  wrap  a  towel  about  the  limb  and  then 
apply  the  tourniquet  over  this.  If  the  operation  is  to  be  done  very  near  the 
junction  of  the  limb  with  the  body,  as  in  amputation  at  the  hip  joint,  the  elastic 
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Ijandago  may  be  prevented  from  slipping  off  by  first  passing  through  the  soft 
tissues  two  Wvotli's  pins  or  skewers  and  applying  th(>  constricting  bandage 
above  these. 

The  siirirj/,  or  careful  examination  of  the  o])erative  area,  slumld  lie  made  as 
soon  as  the  abdomen  is  ojx'ned.  This  sliould  not  l)e  confined  to  one  sus])ected 
area,  but  should  include,  if  requisite  ami  feasible,  a  general  survey  of  the  whole 
cavity.  This  examination,  however,  should  be  done  as  rapidly  as  possible  and 
with  the  greatest  care  and  gentleness,  because  it  is  quite  impossible  to  prevent 
bruising  the  delicate  mesothelial  layer  of  the  peritoneal  coverings  of  the  viscera. 
Needless  handling  of  the  tissues  cannot  be  too  strongly  condemned,  but  the 
success  of  the  operative  procedure  maydejiend  upon  finding  a  primary  focus  of 
the  disease,  or  an  accessory  comUtion. 

Tlie  isolitliiDi  iij  Ihc  operalivc  field  is  of  the  utmost  importance  in  all  cases  where 
a  septic  focus  is  to  be  incised  or  extirpated,  while  in  every  case  it  facilitates  and 
ex]:)edites  the  manipulative  procedures.  This  packing  off  is  be.st  accomplished 
l)y  the  use  of  large  Mikulicz  pads.  These  shoukl  first  be  wrung  out  in  warm 
sterile  salt  solution.  These  gauze  pads  may  be  simjjly  used  to  push  back  the 
coils  of  intestine,  or  may  surround  the  operative  area  on  all  sides  as  a  barrier. 

Operative  work  in  the  pelvis  is  much  facilitated  by  placing  the  jjatient  in  the 
Trendelenburg  j^osture  by  which  the  intestines  are  made  to  gravitate  toward 
the  (hai^hragm.  This  posture  may  be  capable  of  causing  harm,  however,  in  oper- 
ating upon  infected  areas  in  the  pelvis,  because  some  of  the  contaminated  fluid 
may  escape  upward  among  the  coils  of  intestines.  As  the  peritoneum  of  the  lower 
abdominal  zone  has  been  jnoNed  to  have  a  lesser  absorptive  jjower  than  that 
in  the  upper  zone,  every  effort  should  be  made  to  favor  drainage  downward  and  to 
keep  the  infection  strictly  localized.  In  operating  upon  elderly  individuals  with 
weakened  arterial  walls  the  Trendelenburg  posture  may  be  a  factor  in  induc- 
ing a  cerebral  hemorrhage.  Such  an  accident  may  exjilain  a  rare  group  of 
cases  in  which,  under  these  circum.stances,  the  patient  never  rallies  from  the 
ana'sthetic. 

In  operations  on  the  breast  and  shoulders  the  close  proximity  of  the  patient's 
head,  anaesthetizing  apparatus,  etc.,  increases  the  danger  of  contamination  of  the 
field.  This  can  be  obviated  by  fastening  a  ban-el-hoo])  or  a  specially  bent  metal 
rod,  with  either  end  on  each  side  of  the  table,  at  a  level  with  the  patient's  neck. 
Over  this  is  draijcd  a  sterile  sheet  so  as  to  form  a  complete  barrier  between  the 
anaesthetist  and  the  head  and  the  rest  of  the  body  of  the  patient. 

The  arrangement  of  the  instrument  tallies  and  those  for  the  dressings,  etc., 
may  vary  to  suit  the  convenience  of  the  operator.  These  tables  should  be  covered 
with  sterile  sheets,  and  the  instruments  arranged  in  shallow  sterile  pans  or  trays, 
or  spread  upon  sterile  towels.  If  it  is  [iref erred  to  kee|)  any  of  the  instruments  in 
a  carbolic-acid  solution  they  must  be  rinsed  off  in  sterile  water  or  salt  solution 
before  coming  in  contact  with  delicate  tissues. 


PREPARATIONS  FOR  AN  OPERATION.  151 

Post-Operative  Treatmext. 

The  most  lirilliant  achievement  at  the  operating-table  may  pass  for  naught 
because  of  ignorance  or  oversight  on  the  part  of  those  to  whom  the  busy  surgeon 
is  too  often  compelled  to  entrust  the  post-operative  treatment.  AMiile  much 
has  been  learned  concerning  the  successful  handling  of  jjatients  in  the  first  few 
days  following  operation,  yet  a  great  many  facts  have  had  to  be  unlearned,  and 
this  applies  particularly  to  the  routine  administration  of  cathartics  and  stimu- 
lants. The  comfort,  as  well  as  the  safety,  of  the  patient  is  very  much  modihed 
by  the  manner  in  which  the  post-operative  treatment  is  applied.  In  addition, 
during  the  period  immediately  following  operation  uidooked-for  complications 
may  arise  that  may  seriously  modify  or  even  jeopardize  an  otherwise  favorable 
course,  and  in  such  instances  it  is  the  \-ery  prompt  recognition  of  post-operative 
conditions  that  often  saves  life.  Post -operative  treatment,  then,  may  be  divided 
into:  (1)  The  treatment  of  uncomplicated  cases;  and  (2)  the  treatment  of  various 
complications  and  sequela?  that  may  occur. 

Tlie  patient,  immediateJii  after  operotion,  should  be  carried  to  a  quiet,  darkened 
room  and  placed  in  betl.  Before  the  patient  leaves  the  operating-room  the  ether- 
jacket,  leggins,  etc.,  should  be  removed  and  the  body  thoroughly  dried.  .\  clean 
gown  is  now  put  on  and  the  whole  body  well  covered  with  blankets.  If  every  care 
is  taken  to  see  that  the  body  is  well  dried  and  well  protected  it  is  fovmd  that  two 
of  the  most  serious  po.st-operative  complications — shock  and  pneumonia — are  far 
less  commonly  encountered.  It  should  be  thoroughly  impressed  on  the  surgical 
staff  that  the  most  common  cause  of  these  two  serious  conditions  is  the  failure 
properly  to  jH'otect  the  patient  during  the  passage  from  the  operating-room 
to  the  ward  via  corridors,  elevators,  etc.,  while  the  patient  is  damp  with 
sweat  and  only  half  clothed. 

After  the  jjatient  is  placed  in  the  bed  he  should  l)e  covered  with  warm  blankets 
and  hot-water  bottles  applied,  or  the  bed  may  have  been  well  warmed  by  the 
hot  bottles  just  removed.  If  the  bottles  are  applied  they  should  first  be  well 
protected  with  flannel  covers,  as  the  insensible  body  may  be  very  easily  burned 
by  contact,  and  such  complication  may  confine  the  patient  to  bed  for  a  much 
longer  time  than  that  recjuiretl  for  thorough  healing  of  the  operation  \\ound. 
A  responsilsle  nurse  should  remain  constantly  in  attendance  until  conscious- 
ness is  fully  restored,  for  the  purpose  of  preventing  any  accidents  in  the  semi- 
conscious period. 

It  is  very  desirable  to  relieve  as  expeditiously  as  possible  the  nausea  and 
vomiting  that  may  occur.  To  this  end  the  practice  obtains  in  some  clinics  of 
trying  to  keep  the  stomach  at  rest  by  withholding  everything  by  mouth  and  ex- 
hibiting very  small  doses  of  morphine.  Such  a  practice,  however,  has  a  tendency 
to  retard  elimination  in  general  and  rather  serves  to  protract  the  period  of 
nausea.     In  anv  large  series  of  cases  it  can  be  readilv  demonstrateil  that  a  far 
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better  practice  consists  in  the  free  administration  of  hot  water  wlilch  is  given  by 
mouth  in  sips  or  perliaps  in  such  amounts  as  the  ])ati('nt  may  desire.  This 
course  often  induces  one  or  two  spells  of  vomiting,  hut  at  tiie  same  time  the 
stomach  is  being  washed  out  and  the  nausea  subsides  very  (luickly  as  a  rule. 
An  exception  to  this  practice  shoidtl  be  taken  in  oi)erative  woi-k  on  the  stomach 
and  in  cases  of  peritonitis,  as  everything  must  be  done  in  tliese  instances  to 
fjuiet  peristalsis.  The  water  by  mouth  is  furthei-  supplemented  by  small  quan- 
tities of  salt  solution,  200  to  300  c.c,  per  rectum  every  four  hours.  The  free 
administration  of  water  not  only  hastens  tlie  elimination  of  the  ether,  but  al.so 
supplies  fluid  for  active  kidney  work  and  militates  against  the  occurrence 
of  shock. 

Nourishment  of  all  forms  may  be  withheld  for  thirty-six  to  forty-eight  hours 
until  the  digestive  organs  have  regained  their  tone.  At  this  time  it  is  well  to 
start  with  fresh  milk  and  lime  water,  Ijutter-milk,  or  perha})s  lager  beer,  each 
of  which  is  particularly  well  borne  as  a  rule,  but  albumin  water  flavored  with 
fruit  juice  or  sherry,  or  tea  and  coffee,  may  be  more  acceptable.  This  list  of 
liquid  foods  may  be  quickly  extended  and  the  patient  will  begin  to  eat  solid 
food  on  the  fifth  to  the  seventh  day  according  to  his  progress  and  the  nature  of 
the  operation. 

Meddlesome  after-treatment  cannot  be  too  strongty  condemned,  and  this  is 
characterized  by  the  routine  administration  of  cathartics,  stinudants,  and  various 
pain-killers  and  sleeping  jiotions.  These  points  should  be  carefully  followed  by 
the  operator,  for  there  is  an  enormous  capability  of  harm  in  the  over-energetic 
house  doctor  who  has  a  symptomatic  remedy  for  e^'ery  condition. 

Early  purgation  after  abdominal  operations  is  in  most  cases  not  only  im- 
necessary  but  also  decidedly  pernicious  for  the  following  rea,sons:  in  the  first 
place  the  alimentary  tract  has  been  thoroughly  cleaned  prior  to  o])eration,  while 
the  patient  is  not  at  this  period  ingesting  food.  What  is  far  more  important, 
however,  is  the  fact  that  purgative  drugs  at  this  period  may  ser^'e  to  produce 
an  artificial  condition  simulating  an  acute  obstruction.  This  is  explained  by 
the  fact  that  the  handling  of  the  intestines,  it  matters  not  how  gently,  is  ai)t 
to  induce  adynamic  paralysis  coming  on  about  six  hours  after  operation  and 
lasting  for  from  thirty  to  forty  hours.  Now  if  purgati\-(>  drugs  are  administered 
peristalsis  is  set  up  in  the  proximal  portion  of  the  gut  which  is  at  once  blocked  in 
the  paralyzed  area.  The  result  is  abdominal  distention  associated  with  cramp- 
like pains,  nausea,  and  vomiting.  No  ])ossible  harm  can  be  apprehended  simply 
because  the  bowels  do  not  promptly  move  after  operation,  except,  c.f  course,  in 
the  event  of  a  real  obstruction,  and  this  complication  demands  radical  treatment 
anil  not  palliative  attempts  with  cathartics. 

Routine  stimulation  with  drugs  is  a  practice  mentioned  only  to  lie  coiidcnmed. 
Cases  will  arise,  of  course,  in  which  appropriate  stinndation  is  absolutely  essential, 
but  these  recjuire  most  deliberate  consideration  lest  such  a  conflition  as  surgical 
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shock,  which  in  itself  is  an  ovcrstinuilation,  ijo  seriously  aggravated.  In  urinary 
suppression,  too,  of  what  avail  is  the  unbalanced  attempt  at  securing  diuresis  by 
the  exhibition  of  sparteine,  when  the  most  efficient  of  all  diuj-etics — water — is 
being  withheld?  How  frequently  is  caffeine  administered  three  or  four  times 
during  the  day,  after  which  the  doctor  is  surprised  at  the  sleepless  night  that 
follows?  When  a  stimulant  is  really  needed  the  most  reliance  can  be  placed  in 
jihysiological  salt  solution  given  l>y  rectimi,  under  the  skin,  or  intravenously. 
The  use  of  this  valuable  agent  has  marked  an  era  in  things  surgical  that  with 
proper  utilization  ranks  high  in  the  scale  of  therapeutic  attainment.  The  in- 
discriminate employment  of  salt  water,  however,  may  be  pi'Ovocati\'e  of  harm. 
Such  is  the  case  in  pneumonia,  congestion  of  the  lungs,  and  whenever  there  is 
indication  that  the  right  side  of  the  heart  is  embarrassed.  This  danger  is  more 
marked  in  introducing  salt  solution  ilirectly  into  a  vein,  because  when  given  liy 
bowel  or  under  the  skin  Nature  is  granted  the  privilege  of  indicating  when  she 
has  had  enough  and  refusing  to  take  more,  whereas  by  the  transfusion  method 
an  overworked  heart  may  be  i{uickly  imjjaired  by  the  abnormal  increase  in  the 
volume  of  the  blood.  The  intravenous  infusion  is  of  especial  value  in  cases  of 
acute  shock  and  of  marked  hemorrhage  and  in  con<litions  associated  with  low 
pulse  tension. 

COMPLICATKIXS. 

Excessive  Vomitiii(/. — In  occasional  instances  nausea  and  vomiting  following 
the  anaesthetic  do  not  promjjtly  cease,  but  become  so  aggravated  as  seriously  to 
jeopardize  the  patient's  welfare.  In  this  regard  it  is  interesting  to  note  that 
ether  causes  nausea  and  vomiting  more  frequently  than  chloroform,  but  more 
cases  of  protracted  and  dangerous  vomiting  are  met  with  after  chloroform  than 
after  ether.  In  most  cases  excessive  vomiting  seems  to  depend  upon  a  special 
idiosyncrasy. 

The  treatment  may  i)resent  decided  difficulties.  Proper  preparatory  treat- 
ment may  act  as  a  prophylactic  against  vomiting  in  general,  but  these 
severe  cases  occur  in  spite  of  it.  The  most  valuable  procedure  is  repeated  lavage 
of  the  stomach  with  hot  water,  the  stomach  tube  being  used  for  this  purpose 
if  necessary.  Sodium  bromide  in  large  doses  by  rectum  maj'  act  very  bene- 
ficially. If  it  is  possible  to  retain  anything  on  the  stomach  for  a  periotl,  a  vei'y 
useful  remedy  is  a  tablet  containing  gr.  ii.  each  of  cerium  o.xalate  and  bismuth 
subnitrate  with  t2^  of  a  grain  of  cocaine.  If  these  measures  fail  it  wil!  be  neces- 
sai'y  to  resort  to  morphine  hypodermically. 

Post-Operative  Hwmatemesis. — This  is  a  rather  infrequent  complication  which 
may  follow  u]5on  any  operative  procedure  in  the  abdomen,  although  it  is  more 
commonly  noted  after  manii)ulation  of  the  stomach,  duodenum,  or  bile  passages. 
The  hi3emateme.sis  begins  as  a  rule  within  twenty-four  hours  after  operation,  but 
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may  not  occur  for  several  daj's.  The  eoiulition  is  cliaracterized  hv  tlie  frecjuent 
vomitiiif;  of  small  amounts  of  altered  blond  and  is  usually  independent  of  the 
nausea  and  vomiting  due  to  the  ame.sthetie.  'J'lie  blood  shows  evidence  of  having 
been  acted  upon  by  the  stomach  juices  and  has  the  characteristic  "  coffee-ground  " 
appearance.  TIk-  vomitus  is  very  acrid  in  nature  and  may  burn  the  patient's 
lilis  and  chin.  An  initial  period  of  alertness  and  anxiety  soon  gives  way  to  apathy 
and  it  is  r(>adily  seen  that  the  patient  is  v(>ry  much  depressed.  The  temperature 
is  often  subnormal,  the  pulse  small  and  weak  and  of  increased  frefjucncy,  the 
skin  is  moist  \\itli  a  dusky  appearance,  and,  if  the  condition  is  not  (juickly  relieved, 
I)ronounced  syni]itoms  of  collapse  ([uickly  su])er\-ene. 

The  etiology  of  post-operative  ha'matemesis  is  not  definitely  known.  The 
jjronounced  general  symptoms  are  not  easy  to  explain  by  the  various  hypotheses 
that  have  been  adduced.  The  writer  believes  with  von  Eiselberg  that  injury 
to  the  omentum  with  thrombosis  of  its  vessels  may  lead  to  infarction  of  the  vessels 
in  the  walls  of  the  stomach,  but  that  this  does  not  explain  all.  It  is  therefore 
suggested  that  the  symptoms  depend  more  upon  an  involvement  of  the  sympa- 
thetic nerve  plexuses  and  ganglia,  secondary  to  circulatory  disturbances  result- 
ing from  traiunatism.  In  accordance  with  this  view  is  the  opinion  of  Mayo 
Robson,  who  speaks  of  the  condition  as  being  in  a  general  way  dependent  on 
"a  reflex  nervous  influence."  Sepsis  does  not  apijear  to  l)e  a  prominent  factor, 
nor  can  the  ana'sthctic  be  held  responsible,  as  the  condition  has  been  observed 
following  operations  done  under  cocaine. 

The  treatment  cannot  be  rationally  formulated  in  the  absence  of  the  known 
cause  of  the  condition.  The  patient  should  be  kept  absolutely  at  rest,  and  this 
is  best  secured  by  small  doses  of  morphine.  Adrenalin  is  probably  one  of  the 
most  useful  drugs  in  this  condition  and  .should  be  given  in  ten-minim  doses  of 
the  standard  1:1,000  solution  of  adrenalin  chloride  by  mouth  every  half-hovu'. 
If  the  patient  is  not  profoundly  shocked,  nuich  relief  may  be  obtained  by  gas- 
tric lavage,  while  if  collapse  is  imminent  an  intravenous  infusion  of  salt  solu- 
tion should  be  given,  and  it  may  be  well  to  add  to  this  a  1  :  1,000  solution  of 
adrenalin  chloride  in  the  i^roportion  of  two  drachms  to  the  pint  of  salt  water. 

Acute  Gastric  Dilatation. — One  of  the  most  serious  post-operative  complica- 
tions is  acute  dilatation  of  the  stomach.  Fortunately,  it  is  comparatively  rarely 
encountered,  but  when  present  demands  immediate  and  energetic  treatment. 
The  onset  is  acute,  about  twenty-four  to  forty-eight  hours  after  operation.  The 
most  characteristic  symptoms  are  the  vomiting  of  very  large  amounts  of  brownish, 
greenish,  or  black  fluiil,  and  abdominal  tlistention.  Associated  with  these  symp- 
toms there  are  great  thirst,  subnoi-mal  tem])eraturc,  and  a  cold  and  clammy  skin, 
all  of  which  go  to  make  up  a  picture  similar  to  that  of  impending  collajise  in  peri- 
tonitis. The  diagnosis  can  be  made  at  once  \^^th  the  stomach  tube,  which  seems 
almost  to  become  lost  in  the  enormously  distended  viscus,  while  it  allows  the 
escape  of  much  gas  and  of  very  large  quantities  of  the  characteristic  fluid.    Fur- 
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thermorc,  the  abdominal  distention  is  cliicfly  confined  to  the  upper  half  of  the 
abdomen  and  a  succussion  splash  may  be  easily  elicited. 

The  cause  of  the  condition  seems  to  be  a  motor  paresis  of  the  musculature  of 
the  stomach,  associated  with  marketl  hypersecretion  and  possibly  regurgitation 
of  fluid  from  the  upper  intestinal  tract,  although  the  vomitus  does  not  become 
feculent.  It  is  most  probable  that  this  depends  on  a  local  disturbance  of 
innervation,  hut  it  may  be  an  expression  of  general  toxaemia. 

The  treatment  is  prompt  and  repeated  washing  out  of  the  stomach,  which 
may  be  suj^plemented,  if  deemed  advisable,  by  the  administration  of  strychnine 
and  ergot.  It  must  be  emphasized  that  this  is  a  serious  condition  and  that  the 
life  of  the  patient  depends  upon  its  prompt  recognition  and  energetic  treatment. 
The  lavage  should  be  continued  until  the  Huid  returns  clear,  and  should  he  re- 
peated every  hour  or  oftener  as  long  as  the  condition  persists.  Hot  turpentine 
stupes  should  be  frequently  applied  and  a  tight  abdominal  binder  kept  in  position. 
A  faradic  curcent  may  be  used  over  the  epigastrium,  but,  if  the  stomach  condition 
is  simply  an  expression  of  a  general  toxa^iiia,  appropriate  measures  should  be 
employed  to  secure  elimination,  etc. 

Abdominal  Distention. — The  formation  of  an  exce.ssive  amount  of  gas  in  the 
intestines  is  a  serious  menace  to  the  welfare  of  the  patient  and  may  jeopardize 
the  integrity  of  any  suture  work  that  maj-  have  been  applied  to  tlie  intestinal 
tract,  while  it  may  cause  the  parietal  incision  to  break  open.  If  mechanical 
ol)struction  of  the  bowel  and  acute  gastric  dilatation  be  excluded,  the  two 
commonest  causes  of  this  condition  arc  toxaemia  and  the  unwise  employment  of 
early  purgation,  as  fully  explained  above. 

To  relieve  the  state  of  affairs  a  rectal  tube  should  be  passed  for  a  distance  of 
eighteen  inches  up  into  the  lai'ge  bowel, — a  procedure  which  may  at  once  prove 
effective  by  allowing  the  escape  of  much  flatus.  In  order  to  prevent  kinking  of 
the  tube  it  is  well  to  attach  it  to  a  fountain  syringe  so  that  the  colunm  of  fluid 
may  distend  the  bowel  in  front  of  tlie  tube  and  so  facilitate  the  introduction  of 
the  latter.  If  the  rectal  tube  alone  does  not  suffice  an  enema  containing  turpen- 
tine, 3  ii.  to  iv.  to  the  (juart,  may  be  tried,  and  turpentine  should  be  also  applied 
externall}'  in  the  form  of  hot  stupes.  Magnesium  sulphate  and  glycerin  are  also 
valuable  adjuncts  in  the  enema.  In  obstinate  cases  very  striking  results  are  some- 
timesobtained  by  the  faradic  current  so  applied  that  one  pole  is  introduced  through 
the  tube  into  the  bowel  filled  with  water.  The  use  of  eserin  salicylate  had  been 
advocated  in  doses  of  ■«  u  to  4  u  of  a  grain  given  hypodermically.  This  drug  is  a 
direct  stimulant  to  unstriped  muscle  fibres  and  theoretically  is  useful,  although 
its  employment  in  tympanites  has  not  gi\en  imiformly  satisfactory  results,  while 
it  may  act  as  a  dangerous  depressant  to  the  central  nervous  system. 

Intestinal  Obstruction,  or  ileus,  occurs  only  rarely  after  intra-abdominal 
operations.  It  may  be  divided  into  two  groups:  (1)  Strangulation  ileus,  in 
which,  in  addition  to  the  ol)struction  to  the  lumen  of  the  intestine,  tliere  is 
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intrrici'cncc  willi  tlic  mesenteric  lilood  su|)|)ly;  and  (2)  ol)lurali(in  ileus,  in 
wliicli  tlie  lilooil  su]»ply  "I'  llie  ()l)s1nictei|  jidiiions  (if  llie  jiut  is  not  (listurl)eii. 
Tlie  iirsl  group  gives  rise  to  very  acute  symptoms,  as  intense  pain,  ])rimarv  reflex 
vomiting,  and  shock.  The  later  .sym|)toms  are  (hstcntion  and  .secondary  vomiting 
which  is  ftpcal  in  charactoi'.  In  obturation  ileus,  however,  the  symptoms  may 
be  obscure  at  first,  and  it  is  fortunate  that  the  ])atient  may  sui'vive  for  a  longer 
period  from  the  onset  of  symptoms  to  the  time  of  opci-ative  relief.  Pain  at 
first  is  general  and  not  very  acute,  and  the  diagnosis  cannot  be  made  as  a  rule  until 
visible  peristalsis,  distention,  and  vomiting  complete  the  ]iicture.  It  should  be 
remembered  that  visible  peristalsis  occurs  only  early  in  the  obstruction,  and  that 
in  a  certain  proportion  of  cases  it  cannot  be  demonstrated  after  distention  super- 
venes, because  there  is  usually  complete  paralysis  of  the  inte.stine.  Examination 
of  the  abdomen  shows  it  to  be  held  somewhat  rigidly,  but  there  is  little,  if  any, 
localized  tenderiress.  An  enema  gives  no  relief,  and  if  the  lower  bowel  is  cleansed 
out  with  one  enema,  a  succeeding  one  comes  away  clear.  A  valuable  sign  in 
early  obstruction,  and  one  ujion  which  Bloodgood  lays  emphasis,  is  a  high 
leucocyte  count,  from  20,000  to  3.j,000. 

The  treatment  is  eminently  surgical,  although  in  rare  cases  it  may  be  possible 
to  obtain  results  from  gentle  massage,  from  distention  of  the  large  intestine  with 
water  when  the  obstruction  is  located  in  that  portion  of  the  gut,  or  by  the 
administration  of  large  doses  of  atropine  to  relax  spasm  of  the  intestinal  walls. 
Guarded  attempts  at  catharsis  are  recommended  by  some  writers,  but  they  gen- 
erally serve  to  aggravate  the  condition.  If  the  diagnosis,  however,  has  not  been 
made  very  early,  any  conservative  line  of  treatment  should  be  absolutely  disre- 
garded and  the  abdomen  at  once  opened.  Morphine  should  not  be  given  for 
pain  unle.ss  operation  has  been  decided  upon. 

Peritonitis. — Through  modern  aseptic  measures  and  skilful  surgery  this 
grave  complication  of  abdominal  ojjerations  has  been  largely  done  away  with. 
However,  in  certain  acute  cases,  where  the  preparation  of  the  patient's  alimentary 
tract  is  an  impossibility,  or  where  operations  upon  the  alimentary  tract  are  under- 
taken, peritonitis  will  sometimes  arise  in  the  practice  of  even  the  most  skilful. 
Experiments  upon  animals  have  been  undertaken  with  the  piu'pose  of  elaborating 
a  method  by  which  the  resistance  of  the  peritoneum  might  be  increased  through 
increasing  the  jihagocytic  power  of  the  blood,  but  u})  to  the  jjresent  time  no  satis- 
factory or  practical  method  has  been  de^•ised. 

After  an  abdominal  operation,  if  peritonitis  sets  in,  the  pain  instead  of  sub- 
siding grows  worse ;  the  abdomen  becomes  distended  and  tympanitic ;  vomiting 
and  nausea  persist;  the  pulse  gradually  increases  out  of  projiortion  to  the  temper- 
ature. The  patient  looks  anxious  and  careworn,  the  skin  is  cold  and  clammy, 
and  the  approach  of  collapse  is  evident.  At  this  time  the  pulse  rate  and  its  re- 
lation to  the  temperature  are  matters  of  great  diagnostic  importance.  Should 
the  pulse  remain  above  120  and  the  temperature  continue  to  fall,  the  prognosis 
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Ls  most  soriouf;.  The  patient  lies  upon  liis  back  with  k',y,s  flexed  upon  tlie  tliiglis 
in  order  to  relax  the  muscle?  of  the  abdomen.  The  vomited  matter  at  first 
consists  of  clear  fluid,  but  later  Incomes  of  a  dark  color  and  is  brought  up  in 
gi-eat  quantities.  The  tongue  is  dry  and  coated  and  there  may  be  persistent 
hiccoughing  in  the  intervals  between  vomiting.  These  patients  may  say  that 
they  are  feeling  well,  but  are  very  thirsty;  or,  in  some  instances,  half  an  hour 
before  death,  they  may  express  themselves  as  feeling  "fine"  and  ask  for 
nourishment. 

As  to  treatment,  some  authorities  advise  purgation,  but  the  writer  is  of  the 
opinion  that  when  tlie  bowels  can  be  made  to  move  freely,  it  indicates  that  the 
infection  is  mild  or  localized  and  recovery  could  be  counted  on  as  surely  without 
purgation  as  with  it.  Furthermore,  peristalsis  simply  favors  the  spread  of  the 
infectious  material  and  so  may  defeat  anj-  attempt  on  the  part  of  nature  to  wall 
off  the  infection.  If  there  is  leakage,  the  abdomen  must  be  opened  up,  the  point 
of  leakage  found  and  repaired,  and  drainage  established.  Elevation  of  the  head 
of  the  bed,  or  "  Fowler's  position,"  is  of  prime  im))ortance  in  cases  of  peritonitis, 
.since  it  lessens  the  absorption  of  toxic  material,  owing  to  the  fact  that  the 
diaphragmatic  portion  of  the  cavity  possesses  much  more  absorptive  power 
than  the  peh-ic  jjeritoneum.  AVhile  this  simple  postural  i>rocedure  marks  one 
of  the  greatest  advances  in  the  treatment  of  peritonitis,  it  should  not  be  relied 
upon  to  the  exclusion  of  other  methods,  but  should  be  employed  rather  in 
conjunction  with  them.  Free  incision,  flushing  with  abundance  of  hot  salt 
water,  and  the  insertion  of  suitable  tube  drainage  are  measures  of  almost 
equal  im])ortance.  Drainage  should  be  at  the  lowest  portion  of  the  pcWis 
as  well  as  at  the  site  of  the  operative  incision.  It  may  be  well  to  make  an  open- 
ing from  the  cul-de-sac  into  the  vagina.  A  Murphy's  tube  should  be  introduced 
into  the  rectum  and  normal  saline  allowed  to  trickle  continuously  into  the  gut. 
All  food  and  licjuid  l)y  moutli  should  be  stoijped,  and  if  some  nourishment  is 
imperative  it  may  be  introduced  with  the  saline  per  rectum.  Tb,e  operation 
for  drainage  should  be  rapidly  jierformed  and  the  tube  drains  be  allowed 
to  remain  in  place  according  to  the  judgment  of  the  surgeon,  and  the  removal 
should  be  cautious  and  gradual. 

Surgical  Shock. — For  a  complete  resume  on  the  etiology,  symptomatology, 
and  treatment  of  this  condition  the  reader  is  referred  to  the  article  in  volume  I. 

Pneumonia. — Post-operative  pneumonia  may  be  either  a  true  lobar  pneumo- 
nia or  a  broncho-pneumonia,  more  frequently  the  latter.  This  dreaded  compli- 
cation is  certainly  o{  less  conmion  occurrence  at  the  present  writing  than  it  was 
ten  years  ago,  although  its  exact  relation  to  the  operative  procedure  is  still  ob- 
scure. The  anaesthetic  alone  cannot  be  held  responsible  as  the  predisposing 
agent,  for  it  has  been  definitely  demonstrated  that  pneumonia  occurs  in  about 
the  same  proportion  of  instances  in  which  the  operations  have  been  performed 
under  local  anu'sthesia.     It   has  been  plausibly  suggested  that   the  voluntary 
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iiuiuol)ilizati()ii  of  tlic  ubdoininal  iniisck-s  after  cdTiotoniy  jji'i'vciits  tlie  patient 
from  coriT'ctly  cxijaiicling  tlit'  cliest  and  hinders  the  act  of  coufijliinf;,  so  that 
if  he  abeady  has  a  low-grade  infection,  as  represented  by  a  subacute  bronchitis, 
the  retention  of  infected  secretions  may  excite  a  spread  of  the  infection  from 
the  tubes  into  the  lung  tissue  pi-o])er. 

The  fact  that  pneumonia  so  much  more  commonly  follows  operations  about 
the  mouth  and  air  passages  shows  that  in  many  instances  it  is  really  an  aspiration 
pneumonia.  For  this  reason  in  general  operations  the  condition  of  the  mouth 
may  be  a  factor,  and  for  the  same  reason  a  fresh  gauze  inhaler  should  be  used 
for  each  patient. 

Attention  has  already  been  called  to  th(>  liability  of  pneumonia  following 
upon  chilling  of  the  patient's  body  during  and  after  operation.  This  factor  may 
be  the  most  important  of  all  in  the  etiology  of  post-operative  pneumonia,  and 
the  surgeon  will  do  well  to  make  sure  that  the  younger  house  men  use  every 
precaution  in  this  respect. 

The  treatment  of  post-operative  pneumonia  is  the  same  as  that  generally 
employed  on  the  medical  side. 

Retention  of  Urine. — The  inability  of  the  patient  to  empty  the  bladder  may 
be  due  to  several  causes.  The  unaccustomed  dorsal  position  often  makes  it 
difficult  to  void  urine,  while  in  other  cases  the  most  potent  factor  seems  to  be  a 
nervousness.  Retention  is  most  commonly  observed  after  operations  in  the  pelvis 
or  about  the  perineum,  and  is  then  associated  with  traumatism  of  the  parts.  It 
is  particularly  apt  to  occur  following  operations  for  hemorrhoids  and  then  seems 
to  be  reflex  in  nature.  Semiconscious  patients,  or  those  profountlly  shocked, 
shoukl  be  inspected  regularly  to  avoid  undue  distention  of  the  bladder. 

In  the  treatment  of  retention  simple  measures  will  usually  suffice  if  persisted 
in.  Stupes  wrung  out  in  very  hot  water  and  applied  as  hot  as  can  l)e  borne  just 
above  the  bladder  usually  cause  relaxation.  Or  one  may  try  a  hot  perineal  or 
vaginal  douche.  In  especially  neurotic  individuals  excellent  results  may  be  ob- 
tained by  administering  a  very  large  enema  of  hot  water  if  there  is  no  contra- 
indication to  such  a  jH'Ocedure.  The  bladder  will  usually  be  emptied  during 
the  expulsion  of  the  enema.  If  these  measures  fail  catheterization  nmst  be 
resorted  to  in  order  to  avoid  paralysis  and  over-elistention  of  the  bladder. 

It  should  be  understood  that  the  employment  of  the  catheter  involves  con- 
siderable responsibility,  and  it  is  essential  that  the  use  of  this  instrument  should 
be  confined  to  the  doctor  or  to  nurses  who  have  been  thoroughly  instructed 
as  to  the  great  importance  of  maintaining  strict  asepsis.  The  catheter  should 
not  only  be  sterile,  but  the  parts  must  be  carefully  cleansed.  In  spite  of  all 
precautions  in  these  respects  a  certain  proportion  of  infections  do  occur  antl 
it  is  an  excellent  routine  practice  always  to  administer  a  urinary  disinfectant, 
as  urotropin,  by  mouth  in  every  case  in  which  an  instrument  is  introduced  into 
the  bladder  or  urethra,  and  this  may  be  sui)i)lcmcntcd  by  bladder  irrigations 
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of  half-saturated  boric-ac-id  solution,  or  a  solution  of  mercury  bichloride  in  the 
strength  of  1:40,000. 

Suppression  oj  Uri)ic. — This  complication  is  rarely  encountered  if  a  point  is 
made  of  freely  administering  water  to  the  patient  both  before  and  after  operation. 
.\mu-ia  occurs  most  frequently  following  operation  upon  the  kidney,  after  which 
the  other  kidney  may  be  reflexly  affected.  The  condition  also  arises,  of  course, 
when  there  is  an  anatomical  anomaly  and  the  only  kidney  present  is  removed. 
An  acute  nephritis  may  develop  and  be  responsible  for  the  condition.  In  the 
author's  e.xperience  suppression  of  urine  is  moie  frequently  encountered  fol- 
lowing the  use  of  chloroform  as  the  antesthetic  than  when  ether  is  em- 
jjloyed,  and  such  anuria,  being  associated  with  an  acutely  developing  fatty 
degeneration  of  the  kidneys,  is  thought  to  be  ilue  to  the  toxic  action  of  the 
chloroform. 

The  treatment  of  suppression  of  the  renal  secretions  consists  in  the  introduc- 
tion into  the  body  of  large  ((uantities  of  physiological  salt  solution  by  the  bowel; 
tissues,  antl  veins;  counterirritation  over  the  kidneys  by  either  dry  or  wet  cups; 
and  promoting  excretion  by  the  bowels  and  skin.  The  bowels  should  be  made 
to  act  promptly  and  effectively  by  administering  elateriiuu  in  doses  of  j  to  A  of  a 
grain,  or  by  giving  jalap,  best  in  the  form  of  the  compound  jalap  powder,  gr.  xxx. 
to  gr.  Ix.,  which  has  also  a  diuretic  action  due  to  the  combination  with  potassium 
bitartrate.  The  j^aticnt  should  be  placed  in  a  hot  pack  every  three  hours,  or, 
if  the  condition  will  permit,  a  sweat  bath  by  means  of  superheated  dry  air  may  be 
given  twice  a  day.  All  diuretics,  with  the  exception  of  water,  should  be  guard- 
edly used  and  the  diuretic  salts,  as  jjotassium  citrate  or  acetate,  are  safer  than 
the  more  stimulant  diuretics. 

Cystitis. — Infection  of  the  bladder  together  with  the  genito-iu'inary  apparatus 
occurs  most  frequently  after  operation  upon  or  instrumentation  of  some  part 
of  the  tract.  The  condition  is  usually  called  attention  to  promptly  by  the 
patient  because  of  the  frequent  desire  to  micturate,  associated  with  burning  or 
tenesmus.  But  these  symptoms  may  be  slight,  and  whenever  an  unexplained 
elevation  of  temperature  occurs  during  the  convalescent  period  the  lu'ine  should 
be  at  once  examined. 

Treatment  should  be  instituted  prompth'.  The  giving  of  water  by  the 
mouth  should  be  forced,  and  a  urinary  disinfectant  administered.  Bladder 
irrigations  with  solutions  of  permanganate  of  potash,  boric  acid,  mercury 
bichloride,  or  argjTol  may  be  used.  The  pain  and  tenesmus  may  be  relieved 
by  a  suppository  containing  opium,  codeine,  or  hyoscyamus,  or  the  following 
useful  formula  may  be  given  by  the  mouth: 

IJ  Potass,  acetatis 3  i. 

Tinct .  hyoscyami  3  vi. 

-\qua^ q.  s.  ad  5  "J- 

M.     S.    One  teaspoonful  three  or  four  times  a  day. 
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Heart  Complications. — The  miisculaturf  of  the  heart  i.«  always  affeeted  hi 
conditions  of  sepsis  and  toxaemia.  Furthermore,  if  the  heait  muscle  is  al- 
ready weakened  by  the  presence  of  fibrous  tissue  or  by  an  infiltration  with  a 
smaller  or  larger  proportion  of  fat,  the  shock  of  tlic  opciation  with  all  its  ii-ritat- 
ing  afferent  impulses  may  seriously  jeopardize  what  ^(lUll(l  muscle  tissue  still 
exists.  The  fact  that  patients  with  well-conipensalcd  \alve  lesions  usually 
withstand  operations  well  warrants  the  assumption  that  the  heart  muscle  is 
strong  and  of  good  quality.  Right  here  may  be  mentioned  Ihc  not  infi'c- 
quent  association  of  myocardial  dcgeneratior,  with  fibroid  tumors  of  the  uterus, 
although  its  significance  is  not  well  understood. 

Aside  from  post-operative  heart  complications  that  are  dchnitely  dependent 
upon  myocardial  degeneration,  there  is  a  very  interesting  condition  that  occasion- 
ally arises  and  that  is  due  to  acute  cariliac  dilatation.  A  iiatient  who  gives 
every  indication  of  doing  well  twenty-four  to  forty-eight  hours  after  operation 
•may  suddenly  be  si'ized  with  sevei-e  ijrecordial  jmin  and  sit  u[)  in  bed  gasi:)ing 
for  breath,  while  the  lips  become  markedly  cj'anosed.  The  condition  differs 
from  angina  pectoris  not  only  in  the  physical  findings  but  in  the  fact  that  there 
is  no  feehng  of  constriction  about  the  heart,  but  rather  a  sensation  as  if  the 
heart  would  burst.  Hasty  examination  will  sliow  a  tumultuous  heart  action 
and  a  greatly  increased  area  of  cariliac  dulness.  The  condition  is  seemingly 
obscure  in  its  causation,  as  no  lesion  is  found  post  mortem. 

Closely  allied  with  acute  cai'diac  dilatation  is  acute  pulmonary  oeilema,  which 
is  really  a  heart  condition  and  not  deiiendent  on  any  change  in  the  lung  tissue 
itself.  (Edema  of  the  lungs  usually  indicates  a  \\eakening  or  partial  paralysis  of 
the  left  side  of  the  heart,  so  that  the  right  ventricle  pinnps  more  blood  into  the 
lungs  than  the  left  can  })roperly  distribute,  and  the  greatly  increased  tension  in 
the  pulmonary  vessels  causes  an  extravasation  of  serum  from  the  capillaries 
into  the  lung  tissue.  The  patient  is  suddenh-  seized  with  dyspnoea,  and  coughs 
up  large  cjuantities  of  frothy,  blootl-stained  Huid.  The  ear  applied  to  the  chest 
hears  many  coarse  bubbling  rales. 

The  treatment  of  these  two  conditions  brooks  no  delay.  Hypodermic  in- 
jection of  gr.  tV  of  strychnine  with  gr.  -jV  of  digitalln,  sujiplemented  by  a 
diffusible  stimulant  such  as  ether,  should  be  given  at  once.  Large  repeated 
injections  of  glonoin  with  strychnine  are  highly  approved.  Immediate  vene- 
section and  the  withdrawal  of  400  to  500  c.c.  of  lilood  may  be  reciuired.  As 
soon  as  the  immediate  danger  is  over,  the  most  useful  drug  to  prevent  further 
attacks  is  morphine,  which  acts  as  a  ti'ue  cardiac  stimulant  by  cutting  off  affer- 
ent irritating  impulses  from  the  periphery  which  serve  to  embarrass  the  suscep- 
tible heart. 

Thrombosis  and  Embolism. — Femoral  thrombo-phlebitis  is  a  rather  infrequent 
sequel  to  operative  procedures,  but  still  occurs  with  more  or  less  persistent  regu- 
larity in  the  service  of  every  surgeon  who  is  constantly  operating.     This  com- 
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plication  is  justly  classed  by  Maurice  Richardson  among  the  "unavoidable 
calamities  following  surgical  operation,"  for  while  theoretically  it  ma}^  be  pre- 
vented, 3'et,  in  the  light  of  our  present-day  knowledge,  it  appears  to  be  practi- 
cally unavoidable.  Thrombosis  of  the  femoral  vein  appears  without  warning 
one  to  four  weeks  after  the  time  of  operation  and,  indeed,  even  after  the  patient 
has  been  discharged  from  the  hospital  as  well.  This  complication  is  seen  most 
commonly  after  abdominal  operations  and  in  the  vast  majority  of  cases  in  a 
patient  who  is  having  an  uninterrupted  convalescence  with  no  evidence  of  in- 
fection about  the  ojjerative  site.  The  left  leg  is  about  twice  as  often  affected  as 
the  right  and  the  hrst  symptom  is  pain,  usually  severe,  in  the  groin  and  in  the 
calf  muscles.  The  temperature  rises  to  100°,  and  rarely  above  101°  F.  There  is 
almost  invariably  a  moderate  degree  of  leucocytosis.  Examination  discloses  dis- 
tinct tenderness  over  the  femoral  vein  and  often  along  the  course  of  the  external 
saphenous.  The  vein  can  be  felt  to  be  thrombosed,  and  the  leg  soon  Ijegins  to 
swell,  with  or  without  pitting  on  pressure. 

The  exact  etiology  is  uncertain.  The  cases  practically  always  terminate  in 
recovery,  so  that  there  has  been  very  little  o]^portunity  for  studying  the  early 
lesion  post  mortem.  The  rise  of  temperature  associated  with  a  polynuclear  leuco- 
cytosis speaks  for  an  infective  process,  though  it  is  difficult  to  conceive  of  its  source 
of  origin  in  the  majority  of  cases.  The  suggestions  have  been  advanced  that  the 
predisposing  or  actual  cause  is  the  bruising  of  the  epigastric  veins  by  the  pressure 
of  retractors,  or  that  it  is  brought  about  by  a  dyscrasia  of  the  blood  in  anijemic 
individuals,  a  condition  which  favors  clotting  in  the  vessels.  Its  more  frequent 
occurrence  in  the  left  leg  is  attributed  to  the  greater  length  of  the  left  common 
iliac  \-ein,  to  its  passage  beneath  the  right  common  iliac  arterv,  and  possibly 
to  pressure  upon  this  vein  by  a  distended  sigmoid  flexure  or  rectum. 

In  the  treatment  prophylactic  measures  will  consist  in  every  effort  to  main- 
tain strict  asepsis,  together  with  care  in  the  use  of  retractors,  which  may  well  bt 
protected  with  a  few  layers  of  gauze.  After  the  lesion  has  developed  the  leg 
should  in  the  first  place  be  hanrlled  as  little  as  possible  because  of  the  danger  of 
dislodging  a  jwrtion  of  the  thrombus  and  so  inducing  a  pulmonary  embolism. 
Recovery  usually  ensues  upon  absolute  rest  in  bed,  the  application  of  belladonna 
and  mercury  ointment,  wrapping  the  leg  in  cotton,  and  elevating  it  upon  pillows. 
The  patient  .should  not  leave  the  bed  until  all  active  symptoms  have  subsided. 
If  the  leg  remains  swollen  during  convalescence  an  elastic  stocking  will  afford 
much  comfort. 

Pulmonary  embolism  is  secondary  to  thrombosis  in  a  peripheral  ^■ein  or  to  a 
vegetative  endocarditis  of  the  right  side  of  the  heart.  Occasionally,  in  severe 
fractures  with  contusion  of  the  bone,  particles  of  fat  escape  into  the  circula- 
tion and  give  rise  to  a  fat  embolism  in  the  lungs. 

Pulmonary  embolism  comes  on  most  suddenly  and  the  patient  is  seized  with 
pain  in  the  chest,  gasps  for  breath,  and  may  fall  back  lifeless  before  any  possible 
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aid  can  bo  suiiiiiionecl.  Pulmonary  cnibolisni  may  he  the  initial  symptom  of 
a  femoral  thrombosis,  even  before  local  evidences  have  develoyied  in  the  leji.  A 
most  interesting  example  of  this  occurred  in  the  writei's  |)ractice,  in  which  a 
woman  was  seized  with  the  characteristic  symjitoms  of  ))ulinonary  embolism 
which  was  not  fatal.  As  soon  as  she  was  able  to  speak  she  told  in  a  most  graphic 
manner  how  she  felt  "something  bi'i'ak"  in  the  region  of  the  left  groin,  followed 
by  a  sensation  of  a  lump  ])assing  through  the  heart  and  finally  lodging  in  the 
right  side  (if  the  chest.  Examination  showed  a  beginning  femoral  thrombosis 
of  the  left  leg  and  an  area  of  dulness  and  atelectasis  in  the  right  lung. 

The  lodgment  of  an  embolus  in  the  lung  gives  rise  to  a  hemorrhagic  infarct 
and  the  patient  will  expectorate  almost  pure  blood  for  some  hours.  If  the  embo- 
lus is  infected  the  septic  infarct  will  lu-eak  down  and  an  abscess  of  the  lung 
result. 

As  regards  treatment  of  pulmonary  embolism  the  successful  outcome  dejiends 
more  on  the  extent  of  the  lesion  than  on  any  method  we  jiossess  of  cure.  Our 
chief  aid  lies  in  the  administration  of  oxygen  inhalations  and  stinndation  of  the 
respiratory  centres  with  strychnine,  while  after  the  innnediate  danger  is  over  the 
patient  should  be  ((uieted  with  moiphine  and  every  effort  made  to  prevent 
furtlier  damage. 

Acid  Intoiicaliou. — Following  upon  ojierations  in  which  a  general  anaesthetic 
has  been  employed  there  occasionally  develops  a  severe  toxa-mia  of  a  peculiar 
type  which  is  almost  invariably  fatal.  Bevan,  of  Chicago,  has  been  particularly 
interested  in  collecting  cases  from  the  literature  to  report  along  with  very  care- 
fully studied  material  from  his  own  clinic.  The  condition  which  is  here  de- 
scribed has  been  reported  luidei-  various  titles,  such  as  "Hepatic  Toxaemia," 
"Fatal  Acetona^mia,"  "Acute  Fatty  Degeneration  of  th{>  Liver  following  Ana's- 
thesia,"  etc.  The  symptoms  appear  in  from  twelve  hours  to  five  days  after 
operation  and  the  first  indication  that  all  is  not  going  well  is  the  gradual  develop- 
ment of  restlessness  and  a  mild  degree  of  delirium.  Associated  with  this  there 
is  noticed  a  sweetish  odor  to  the  breath.  Dyspnoea  of  a  peculiar  type  develops, 
known  as  Kussmaul's  air  hunger,  characterized  by  rapid  and  deep  breathing. 
Vomiting  is  often  a  ijronounced  feature.  A  slight  degree  of  icterus  may  be  noted 
in  the  sclerotics,  and  the  extent  of  liver  dulness  is  found  to  be  distinctly  dimin- 
ished. The  temperature  is  motlerately  elevated  and  the  pulse  becomes  frequent 
and  weak. 

The  following  resume  is  quoted  directly  from  one  of  Bevan's  monographs 
and  covers  in  a  detailed  manner  the  various  features  of  the  condition  as  far  as 
they  are  known  at  the  present  writing : 

"1.  Anaesthetics,  especially  chloroform  (ether  to  a  very  limited  degree), 
can  produce  a  destructive  effect  on  the  cells  of  the  liver  and  kidneys  and  on 
the  nuiscle  cells  of  the  heart  and  other  muscles,  resulting  in  fatty  degeneration 
and  necrosis,  very  similar  to  the  effects  produced  in  phosphorus  poisoning. 
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"2.  The  constant  and  most  important  injury  done  is  tiiat  to  the  liver. 

"  3.  This  injiny  to  the  liver  cells  is  in  direct  proportion  to  the  amount  of  the 
anaesthetic  employed,  and  the  length  of  the  ana'sthesia. 

"4.  Certain  individuals  exhibit  an  idiosyncrasy  or  a  suscejjtibility  to  this 
form  of  poisoning  which  it  is  difficult  to  explain. 

"  5.  There  are  certain  predisposing  causes  whicli  favor  thi.s  destructive  effect 
of  chloroform,  among  which  are:  («)  Age— the  younger,  the  more  susceptible; 
(6)  cau.ses  which  lower  the  general  vitality  of  the  individual  and  probably  the 
vitality  of  the  liver  cells,  such  as  diabetes,  previous  recent  ana?sthesias,  infections 
from  pus  germs,  diphtheria,  intoxications  from  a  dead  fa>tus  in  the  uterus,  a 
gangrenous  ma.-^s  in  the  abdominal  cavity,  etc.;  Ir)  exhaustion  due  to  hemor- 
rhage; (d)  exhaustion  due  to  starvation;  (e)  exhaustion  due  to  wasting  diseases, 
such  as  carcinoma;  (/)  lesions  which  have  resulted  in  extensive  fatty  degenera- 
tions, such  as  occur  in  the  limbs  in  infantile  paralysis;  (;/)  chronic  diseases  in- 
volving both  liver  and  kidney,  such  as  cirrhosis  and  nephritis. 

"  ().  As  a  result  of  this  fatty  degeneration  and  necrosis  of  the  liver  cells,  toxins 
are  produced  either  from  the  liver  cells  themselves  or  as  a  result  of  the  failure 
of  these  cells  to  eliminate  substances  which,  under  normal  conditions,  they  elimi- 
nate, but  which  under  these  abnormal  conditions  they  fail  to  do,  and  these 
sub.stances,  therefore,  may  accumulate  and  produce  toxic  effects. 

"7.  These  toxins  ])roduce  a  definite  symptom-complex  which  makes  its 
appearance  from  ten  to  ouo  hundred  and  fifty  hours  after  the  ana'.sthesia.  This 
symptom-complex  consists  of  vomiting,  restlessness,  delirivmi,  convulsions,  coma, 
Cheyne-Stokes  respiration,  cyanosis,  icterus  in  varying  degree,  and  usually 
terminates  in  death. 

"8.  It  is  probable  that  milder  degrees  of  this  poisoning  are  recovered  from, 
and  that  the  transient  icterus  noticed  after  chloroform  ana-sthesia  without  other 
evident  cause  is  due  to  such  poisoning,  anil  many  cases  which  exhibit  restlessness, 
fright,  mikl  delirium,  drowsiness,  etc.,  after  ana?sthesia  may  be  due  to  the  same 
cause. 

"9.  This  disea.se  is  a  hepatic  toxaMiiia;  the  toxins  producing  it  are  hepatic 
toxins;  and  possibly  the  previous  condition  making  its  development  easily 
possible  should  be  described  as  liver  insufficiency.  .Just  as  we  have  for  a  long 
time  recognized  a  condition,  uraemia,  in  which  we  find  arising  from  a  variety 
of  noxious  agents,  ana-sthetics,  poisons,  infections,  pregnancy,  etc.,  affecting  the 
secreting  cells  of  the  kidney  and  preventing  their  normal  function,  a  pathologic 
condition,  accompanied  with  a  certain  definite  symptom-complex,  so  we  must 
now,  we  believe,  recognize  a  condition  involving  the  liver  in  which  we  find  from 
a  variety  of  noxious  agents  (anaesthetics,  poisons,  infections,  pregnancy,  etc.), 
affecting  the  secreting  cells  of  the  liver  and  preventing  their  normal  function,  a 
pathological  condition  which  we  must  describe  as  hejiatic  toxaemia  accompanied 
with  a  certain  symptom-complex  and  showing  certain  changes  post  mortem. 
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"  Wc  bolievo  that,  tho  condition  of  acuto  fatty  doKencration  of  tlie  liver  with 
resulting  hepatic  toxaMiiia  is  as  definite  a  patliologic  entity  as  is  acute  pancrea- 
titis with  fat  necrosis. 

"10.  As  hy-pr()(hicts  in  tliis  toxu'niia,  Ijut  not  as  the  essential  poisons,  are 
found  acetone,  diacetic  acid,  and  beta-oxybutyric  acid  in  the  blood  and  urine. 

"11.  Post-inort(>m  reveals  fatty  degeneration  of  the  liver,  fatty  degeneration 
and  mild  degree  of  inflanunation  of  the  kidneys,  and,  in  extreme  cases,  fatty  de- 
generation of  heai't  and  other  muscles.  The  lesion  of  the  liver  we  believe  to  be 
the  overshadowing  and  important  one,  and  the  one  which  is  responsible  for  the 
symptoms  and  fatal  result.  The  injury  to  the  liver,  in  some  cases,  is  so  great 
as  to  result  in  practically  a  total  destruction  of  the  organ. 

"  12.  Somewhat  similar  hepatic  toxa:'mias  resulting  from  fatty  degeneration 
of  the  liver  cells  occur  in  other  conditions,  and  are  accompanied  with  very  similar 
symptoms.  Such  conditions  are  phosphorus  poisoning,  diabetes,  puerperal 
eclampsia,  and  acute  yellow  atrophy  of  the  liver. 

"  1.3.  This  fatty  degeneration  of  the  liver  with  hepatic  toxsemia  following  an- 
aesthesia is  almost  invariably  due  to  chloroform  in  the  fatal  cases.  Ether  is 
seldom  the  cause  of  a  death  of  this  kind. 

"14.  This  serious  and  even  fatal  late  effect  of  chloroform  which  has  hereto- 
fore not  been  generally  recognized  nuist  still  further  limit  the  use  of  this  power- 
ful and  dangerous  agent. 

"  15.  The  possibility  of  the  development  of  hepatic  toxsemia  makes  chloroform 
distinctly  contra-indicated  in  those  cases  in  which  there  exist  the  conditions  which 
seem  to  favor  its  development,  i.e.,  diabetes,  sepsis,  starvation,  hemorrhage; 
the  presence  of  intoxication  fi-om  dead  material;  the  presence  of  fatty  degener- 
ations, as  already  cited,  after  infantile  paralysis,  and  lesions  of  the  liver.  The 
susceptibility  of  children  to  this  hepatic  toxaemia  must  be  recognized.  That 
chloroform  is  capal)le  of  producing  these  serious  late  poisonous  effects  is  a  strong 
argument  against  its  em})loyment,  antl  an  argument  in  favor  of  the  more  general 
use  of  ether;  and  yet  we  are  confronted  at  times  with  the  Charybdis  of  ether 
pneumonia,  on  the  one  hand,  and  the  Scylla  of  chloroform  hepatic  toxaemia,  on 
the  other. 

"  16.  The  recognition  of  this  danger  of  hepatic  toxaemia  is  a  strong  argument 
against  the  employment  of  chloroform  for  long  ana?sthesia,  as  it  can  be  shown 
that  a  two-hour  chloroform  anaesthesia  is  almost  invariably  fatal  to  rabbits  and 
guinea-pigs,  from  fatty  degeneration  and  necrosis  of  the  liver  cells;  and  a  tw®- 
hour  chloroform  anaesthesia  in  man  is  an  exceedingly  dangerous  thing. 

"  17.  These  facts  in  regard  to  the  late  poisonous  effects  of  anaesthetics  and  the 
fact  that  the  dangers  increase  with  the  amoimt  of  the  drug  employed  and  with 
the  length  of  the  antesthesia,  form  a  strong  argument  in  favor  of  rapid  operating 
and  in  favor  of  limiting  in  every  way  possible  the  length  of  the  ana\sthesia  and 
the  dose  of  the  anaiesthetic.     For  example,  time-consuming  preparations  of  the 
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patient  should  be  made  before,  not  after,  anaesthesia.  In  tlie  hght  of  this 
present  knowledge,  no  surgeon  can  claim,  as  some  have  in  the  past,  that  after 
the  patient  is  once  asleep,  it  makes  no  difference  whether  it  requires  one 
hour  or  two  for  the  doing  of  an  ojieration.  In  the  light  of  this  knowledge,  for 
instance,  three-hour  breast  anifjutations  with  the  unnecessary  ligation  of  fifty 
vessels  become  bad  sm-gery. 

"  18.  This  problem  seems  to  us  a  very  important  one  and  worthy  of  the  most 
careful  study  and  research.  At  present  we  are  practically  limited  to  chloroform 
and  ether  as  general  anaesthetics.  Each  has  its  danger;  each  has  its  special 
field  in  which  one  is  safer  than  the  other.  We  have,  as  a  rule,  heretofore  em- 
ploj-ed  chloroform  in  cases  in  which  there  was  a  previous  lung  or  kidney  lesion, 
and  in  children,  with  the  idea  that  it  was  less  likely  to  produce  nej)hritis  and  pneu- 
monia, and  have  used  ether  in  the  bulk  of  our  work  and  felt  that  it  was  specially 
to  be  selected  in  heart  lesions.  We  must  now  add  new  limitations,  and  attempt 
to  determine  by  previous  examination  whether  there  is  what  might  be  called 
hepatic  insufficiency,  the  condition  present  which  favors  the  ilevelopment  of 
the  late  poisonous  effect  of  chloroform  on  the  liver.  Another  way  of 
solving  this  problem  would  be  the  discovery  of  new  anaesthetic  agents,  which  do 
not  carry  with  them  these  poisonous  effects,  or  the  emijloyment  of  the  present 
anaesthetic  in  such  a  way  as  to  avoid  these  dangers." 

Iodoform  Poisoning. — A  verj*  perplexing  symptom-complex  occasionally 
arises  following  the  use  of  iodoform  as  a  dusting  powder  or  when  incorporated 
into  drainage  material.  The  condition  generally  sets  in  with  anxiety,  depression, 
and  headache.  The  patient  is  unable  to  sleep  and  soon  shows  evidence  of  cere- 
bral excitement  with  great  restlessness  which  may  pass  into  an  active  delirium 
not  readily  amenable  to  narcotics.  The  stage  of  excitement  may  deepen  into 
a  condition  of  coma,  or  a  true  melancholia  may  develop  associated  with  halluci- 
nations. A  rarer  result  of  the  absorption  of  iodoform  is  deep  sleep  passing  into 
stupor  and  collapse,  without  any  symptoms  of  cerebral  excitement.  In  some 
cases  of  iodoform  jioisoning  a  generalized  scarlatinal  skin  rash  develops.  The 
pulse  is  much  accelerated  and  it  has  been  said  that  the  body  temperature 
may  be  moderately  elevated  even  in  the  absence  of  any  signs  of  sepsis. 

Toxic  effects  from  iodoform  are  usually  said  to  occur  more  frecjuently  in  the 
aged,  but  children  also  are  quite  susceptible.  The  symptoms  in  general  are  not 
unlike  those  of  acute  thyroidism,  and  in  this  connection  it  is  interesting  to  note 
that  the  thyroid  secretion  has  been  found  to  be  increased  to  a  very  considerable 
extent  by  iodoform,  as  by  other  bodies  which  liberate  iodine  in  the  ti.-^sues.  The 
toxic  effect  of  iodoform  cannot  be  entirely  attributed,  however,  to  the  splitting 
off  of  iodine,  as  its  action  seems  to  be  much  more  complex.  After  fatal  poisoning 
the  liver,  kidneys,  and  heart  muscle  are  generally  found  to  have  untlergone  fatty 
degeneration.  Symptoms  of  iodoform  poisoning  are  particularly  apt  to  follow 
when  the  drug  is  used  in  brain  surgery,  and  foi-  this  reason  it  had  best  be  discarded 
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ill  Dliciatiolis  111!  tills  |i;il1  (if  t  lie  lindy.  'Hie  i  H.'iiinosis  of  ioi  Idldriii  iiitdxicution 
may  offer  |iractical  iliHii-iiltics,  Imt  \\iiciic\-ci-  aiHinialoiis  iiicntal  syiniitom.s  de- 
V('lo|)  ill  a  case  in  whicli  iodnfonii  lias  liccn  used  it  is  ad\'isaljle  to  remove  as  much 
of  the  substance  as  ])ossil)le,  I'eplace  iodoform  (h'aius  with  plain  <iauze,  and 
flush  out  any  draininfi'  cavity  with  sterile  salt  water. 

The  treatment  of  iodofoi-iii  poisoning;-  consists  in  securinir  free  elimination  by 
purgation  and  tlie  intiddiiction  of  iihysiological  saline  solution  into  the  tis.sues. 
The  use  of  bicarbonate  of  soda  has  lieen  advised  in  the  hope  that  it  will  combine 
with  the  iodine  and  aid  in  its  elimination.  If  su])pression  of  urine  occurs  this 
must  be  appropriately  treateil  by  hot  packs,  etc. 

J'nnitititi. — Acute  inHammation  of  one  or  both  jiarotid  glands  is  a  rare  com- 
plication that  may  occur  during  convalescence  from  a  surgical  operation.  Much 
interest  attaches  to  this  condition  because  of  its  relatively  frcriuent  occurrence 
after  abdominal  operations,  jnirticulai'ly  those  involving  the  ovaries  and  testes. 
The  eiilai'gement  appears  rather  suddenly  from  several  days  to  several  weeks 
after  operation,  the  gland  becomes  swollen,  hot,  and  tender,  and  the  process  gen- 
erally leads  to  suppuration.  The  right  parotid  is  more  frci|uently  affected  than 
the  left,  but  in  about  one-third  of  the  cases  both  glands  are  involved.  The 
etiology  of  this  condition  is  certainly  obscure.  While  the  inception  of  the  in- 
flammation may  dejiend,  as  some  hold,  upon  a  reflex  disturbance,  yet  there 
is  in  every  case  an  acute  suppurative  local  jirocess  associated  with  severe  con- 
stitutional symptoms.  The  rather  freciuent  occurrence  of  parotitis  with  dif- 
fuse peritonitis  speaks  for  a  pya^niic  process  with  a  metastatic  focus  in  the 
glantl.  In  other  in.stances,  however,  the  bubo  appears  in  a  perfectly  clean 
abdominal  case.  In  this  event  it  is  i|uite  possible,  as  has  been  suggested,  that 
the  infection  comes  from  a  dirty  mouth.  The  location  of  the  orifice  of  Sten- 
son's  duct  on  the  buccal  mucous  membrane  opposite  the  second  molar  tooth 
of  the  upper  jaw  renders  the  parotid  gland  possibly  more  susceptible  to  invasion 
with  organisms  from  the  mouth  than  are  the  other  salivary  glands.  The  part 
l)layed  by  oral  .sepsis  assumes  more  significance  since  it  has  been  noted  that 
parotitis  is  becoming  relatively  less  freciuent  now  that  more  attention  is  being 
paid  to  the  care  of  the  mouth. 

The  treatment  of  pai-otitis  must  be  local  and  general.  As  regards  the  former, 
palliative  measures  rarely  succeed,  and  an  early  incision  with  evacuation  of  the 
pus  constitutes  by  far  the  best  procetlurc.  The  constitutional  symptoms 
recjuire  the  usual  treatment  of  an  acute  infection. 

Fu'cal  Impaction. — In  describing  above  the  general  i)reparation  for  an  oper- 
ation it  was  ad\iscd  to  cleanse  out  the  intestinal  tract  by  means  of  castor  oil 
supplemented  by  flushing  out  the  lower  bowel.  In  the  great  majority  of  in.stances 
such  a  measure  suffices.  Occasionally,  however,  in  a  patient  inclined  to  hal)itual 
constipation  even  a  copious  evacuation  may  leave  much  residue  behind.  Follow- 
ing the  operation  the  period  of  intestinal  atony,  together  with  the  abdominal 
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discomfort  and  disiinclination  to  go  to  stool,  allows  the  faeces  to  become  solidified. 
As  a  result  the  rectum  may  be  filled  with  hard  scybake  and  the  patient  begins  to 
suffer  discomfort  in  that  region  antl  has  a  desire  to  defecate  which  is  not  gratified. 
If  the  condition  is  not  rectified  the  irritation  produced  may  give  rise  to  a  watery 
diarrhoea  consisting  chiefly  of  the  increased  intestinal  secretion  which  may  es- 
cape about  the  hardened  masses  of  faeces  while  they  remain  undislodged.  The 
fiT'cal  obstruction,  furthermore,  may  become  canalized  and  so  allow  the  passage 
of  intestinal  contents  from  above.  It  is  just  such  a  contingency  which  is  niisleatl- 
ing,  as  the  nurse  will  declare  that  the  patient's  bowels  have  moved  well.  The 
patient,  howe\'er,  is  usually  well  aware  of  the  fact  that  the  rectum  is  not  emptied 
and  insists  on  being  relieved.  The  contention  is  here  made  that  f;ecal  impaction 
occurs  more  fretiuently  than  is  generally  recognized  and  that  a  digital  examina- 
tion of  the  rectum  will  often  prevent  several  days  of  discomfort. 

In  the  treatment  of  this  condition  it  is  not  infrequently  necessary  to  remove 
the  offentling  material  by  means  of  the  finger.  The  surgeon  should  always  put  on 
a  pair  of  rubber  gloves  or  at  least  a  finger  cot.  This  procedure  is  painful  and 
should  be  prece<led  by  efforts  of  a  simpler  nature.  An  enema  consisting  of  ten 
ounces  of  olive  oil  with  two  ounces  of  glycerin  is  often  very  effectual.  It  should 
be  retained,  if  possil)le,  for  fifteen  or  twenty  minutes. 

Should  this  enema  be  ineffectual  it  may  be  repeated  in  four  hours  and  then 
followed  in  the  course  of  an  hour  with  a  large  water  enema  containing  two  ounces 
of  epsom  salts  and  fovu'  ovmces  of  glycerin.  O.x-gall  by  many  is  regarded  of 
especial  use.  The  bowels  ought  to  be  paiticularly  watched  during  the  next 
few  days  so  as  to  ascertain  that  the  intestinal  tract  is  thoroughly  cleared. 

Secondary  Hemorrhage. — The  failure  properly  to  tie  oft'  all  bleeding  points  maj- 
be  an  act  of  gross  carelessness  and  negligence.  Conditions  do  occasionally 
arise,  however,  when  even  the  most  studied  art  on  the  surgeon's  part  fails  to 
prevent  this  complication.  The  most  common  cause  of  unavoidable  secondary 
hemorrhage  is  found  in  a  diseased  condition  of  the  vessel  wall,  which  permits 
the  latter  to  give  way  at  or  near  the  ligature  before  the  blood  thoroughly  clots 
in  the  stum])  of  the  vessel.  Bleeding  may  be  also  due  to  the  slipping  of  a  lig- 
ature or,  on  the  other  hand,  to  the  fact  that  the  suture  has  been  tied  so  tightly 
as  gradually  to  cut  through  the  vessel  wall. 

The  employment  of  the  mass  ligature  is  to  be  avoided  whenever  possible  as  it 
is  not  infreciuently  ineffective.  Hemorrhage  may  ensue  upon  suture  work  on 
the  intestines  if  abdominal  distention  occurs  and  if  the  sutures  are  not  well 
reinforced. 

Secontlar}-  hemorrhage  may  be  due  to  a  general  oozing  or  to  a  rupture  ot 
a  relatively  large  vessel.  The  blood  may  freely  collect  in  the  body  cavity  or 
may  be  confined  in  the  tissues,  giving  rise  to  a  hsematoma.  The  diagnosis  be- 
tween rapid  hemorrhage  and  shock  offers  some  practical  difficulty.  In  both 
conditions  the  pulse  becomes  more  frequent  and  of  smaller  volume,  but  in  hem- 
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orrhage  this  change  is  usually  more  gradual  and  progressive  than  in  shock, 
shock  there  is  frequently  a  tendency  to  reaction  which  is  not  observetl  in  hem- 
orrhage. Probably  the  best  guide  is  the  patient's  general  condition.  In  shock 
there  is  pallor  with  lividity  while  the  intellectual  faculties  are  sluggish  in  their 
operation.  The  [lallor  of  hemorrhage  is  more  pronounced,  and  the  patient  is 
alert  and  anxious.  A  ])aucity  of  rc<l  cells  is  shown  in  the  l)l()od  picture  in  these 
cases.  Physical  examination  in  cases  of  hemorrhage  may  reveal  the  presence 
of  free  fluid  in  the  cavity,  or  a  prominent  mass  makes  its  appearance. 

There  is  only  one  reliable  form  of  treatment  for  post-operative  hemorrhage 
and  that  is  to  expose  the  operative  area  and  secure  the  bleeding  vessel.  If  the 
bleeding  comes  from  a  mass  of  veins  each  of  which  cannot  be  isolated  and  tied, 
or  if  they  lie  in  close  pi'oximity  to  some  important  structure  as  the  ureter,  which 
might  be  included  in  a  mass  ligature,  the  bleeding  will  have  to  be  controlled 
by  tight  packing  with  gauze. 

Sampson,  of  Albany,  has  i:)roposed  and  made  use  of  an  ingenious  scheme  to 
control  hemorrhage  following  ]3elvic  operations.  This  is  done  by  opening  the 
lower  end  of  the  abdominal  incision  without  anesthesia  and  then  introducing  a 
sterilized  proctoscope  through  the  opening  down  into  the  pelvis.  Sterile  gauze 
is  then  tightly  packed  into  the  pelvis  and  counterpressure  is  matle  by  tightly 
packing  the  vagina. 

Status  Lymphcdicus. — This  is  a  rather  rare  constitutional  condition,  occur- 
ring chiefly  in  children  in  whom  there  exists  an  enlargement  of  the  thymus 
gland  with  hyperplasia  of  the  lymphatic  tissues  throughout  the  body.  Special 
interest  attaches  to  this  condition  because  the  subjects  of  this  lymphatic  con- 
stitution have  a  diminished  vital  resistance  and  are  very  liable  to  fatal  collapse 
under  ordinarily  very  inadequate  exciting  causes.  In  many  cases  of  sudden 
death  of  children  during  anaesthesia  the  thymus  gland  is  found  much  enlarged. 
The  exact  relationship  of  this  condition  to  sudden  death  has  not  been  explained, 
but  it  is  generally  believed  that  individuals  with  this  hyperplasia  have  lowered 
powers  of  resistance  and  are  particularly  liable  to  paralysis  of  the  heart.  The 
diagnosis  of  the  lymphatic  constitution  is  always  difficult.  The  most  im- 
portant features  are  a  general  enlargement  of  the  superficial  glands,  hyper- 
trophy of  the  tonsils,  increased  dulness  over  the  sternum  (thymus  enlarged), 
with  signs  of  enlargement  of  the  mesenteric  glands.  In  addition,  the  patients 
are  often  poorly  developed  and  may  be  infantile  in  aspect. 
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I.  INTRODUCTION. 

The  necessity  for  some  agent  to  relieve  tlie  pain  incident  to  surgery  had 
been  realized  for  centuries,  and  in  the  writings  of  Herodotus,  Dioscorides,  Pliny, 
and  Homer  mention  is  made  of  attempts  by  the  ancients  to  accomphsh  this 
purpose  by  administering  mandragora,  poppy,  henbane,  or  cannabis  indica. 
As  surgical  skill  advanced,  this  necessity  became  greater,  and  the  medical  liter- 
atui'e  of  the  early  part  of  the  last  century  refers  to  the  horrors  of  surgery,  and  to 
the  attempts  to  produce  analgesia  by  the  use  of  hypnotism,  alcohol,  and  opium. 

Although  ether  was  discovered  in  1540  by  Valerius  Cordus,  and  nitrous 
oxide  by  Priestley  in  1774,  their  anaesthetic  properties  were  not  recognized  until 
many  years  later. 

In  1842  Dr.  Crawford  W.  Long,  of  Georgia,  administered  ether  and  per- 
formed a  painless  operation  for  the  removal  of  a  tumor  of  the  lower  jaw.  But 
he  did  not  realize  the  importance  of  his  work,  and  made  no  attempt  to  pub- 
lish it  anil  thus  to  offer  relief  from  the  sufferings  of  thousands. 

In  1S44,  at  Hartford,  Conn.,  Horace  Wells,  ha\'ing  seen  a  demonstration 
of  "laughing-gas"  by  G.  S.  Colton,  then  a  wandering  lecturer,  determined  to 
use  it  in  his  dental  practice,  but  in  a  demonstration  at  the  Massachusetts  Gen- 
eral Hospital  he  failed  to  produce  a  satisfactory  state  of  antesthesia  in  his  pa- 
tient, and  died  in  1848.  After  Dr.  Wells'  death  nitrous  oxide  was  little  used 
until  1867,  when  Colton  again  introduced  it. 

In  1846,  W.  T.  G.  Morton,  a  young  dentist,  and  at  one  time  a  partner  of 
Horace  Wells,  realizing  the  desirability  of  a  more  stable  anaesthetic  than  ni- 
trous oxide,  determined  to  try  ether,  and  on  October  13,  1846,  at  the  Massa- 
chusetts General  Hospital,  Dr.  J.  C.  Warren  operating,  Morton  successfully 
administered  ether.  The  apparatus  used  was  a  glass  globe-shaped  inhaler 
with  funnel-shaped  mouth-piece  (Fig.  67),  although  in  many  subsequent  ad- 
ministrations the  sponge  shown  in  Fig.  68  was  used. 

Ether  now  entirely  supplanted  nitrous  oxide,  and  the  news  of  its  discovery 
spread  to  all  parts  of  the  civilized  world,  particularly  to  Englantl. 

In  1847  Dr.  J.  Y.  Simpson,  of  Edinburgh,  first  used  chloroform  as  an  an' 
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SL'stlu'tic,  iiiul  IVdin  lliat  liiiii'  until  very  recently  most  of  the  important  ini- 
proveincnts  in  niellidd  ;inil  :ii)])aralu>  Uiv  ailininistei'ing  gas,  ether,  and  chloro- 
form, api)ear  to  \\iixv  come  from  Englaiul.  This  was  probably  due  to  the  fact 
that  chloroform  was  soon  recognized  us  a  dangerous  drug,  demanding  more 
than  ordinary  cai'e  in  its  a<lminislration.  Several  deaths  occui'red  under  its 
use,  and  the  attention    of   surgeons  and  dentists    was   directed    to    inventing 


Fig.  67. — Morton's  Original  Ether  Iiilialer. 


methods  and  apparatus  for  the  safe  administration  of  chloroform,  and  thus 
also  to  gas  antl  ether. 

In  the  mean  time  the  use  of  ether  continued  in  the  United  States,  and,  as 
it  was  found  to  be  safe,  no  notable  improvements  in  method  or  apparatus  were 
introduced,  a  folded  towel  or  sponge  ordinarily  being  used  for  the  administra- 
tion. 

In  1858  Dr.  John  Snow,  of  London,  invented  a  regulating  chloroform  in- 
haler, and  also  published  the  results  of  his  extensive  investigations  of  the  action 
of  ether  and  nitrous  oxide. 

In  1862  Mr.  J.  T.  Clover,  of  London,  did  some  notable  work  on  the  physi- 
ology of  chloroform  and  introduced  an  inhaler  for  its  administration. 
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In  1863  Colton,  having  used  nitrous  oxide  extensivelj-  in  New  York,  went 
to  Paris,  and  from  there  the  use  of  the  gas  in  dentistry  was  introduced  by  Dr. 
Evans  into  England.  Clover  continvied  his  work  on  anaesthetics,  paying  now 
particular  attention  to  the  administration  of  nitrous  oxide  and  of  ether.  In 
1876  he  perfected  his  combined  nitrous-oxide  and  ether  inhaler,  thereby  mak- 
ing two  notalile  advances  in  the  science  of  administering  anaesthetics:  First, 
the  administration  of  nitrous  oxide  as  a  preliminary  to  ether:  and,  second,  the 
administration  of  ether  by  the  closed  method  {i.e.,  with  hmitation  of  air). 

The  next  considerable  advance  was  made  by  Dr.  Frederic  W.  Hewitt,  of 


Fig.  CS. — Morton's  Sponge,  Used  in  Early  Administration  of  Ether. 


London,  who  in  1886  began  his  experiments  in  administering  nitrous  oxi(k' 
with  oxygen,  and  in  1894  perfected  his  valuable  apjmratus  for  this  purpose. 

In  1897  ethyl  chloride,  in  common  use  as  a  local  anaesthetic,  was  observed 
by  Billeter,  a  Swiss  dentist,  to  produce  light  degrees  of  general  anaesthesia 
when  sprayed  ujjon  the  gums.  Tiiis  led  to  the  first  considerable  use  of  the 
drug  as  a  general  ana-sthetic,  by  Lotheisen  (\'ienna),  in  1898. 

In  1895  Dr.  Holland,  of  Bordeaux,  introduced  sonmoforme. 

In  1895  Dr.  Schleich,  of  Berlin,  introihiced  his  three  anaesthetic  mixtures 
of  ether,  chloroform,  and  petroleum  ether.  The  principle  upon  which  these 
mixtures  were  made  was  that  the  boiling-point  should  be  about  98°  F.,  or  near 
the  body  temperature,  thus  securing  miiform  absorption  and  elimination  with 
nearly  synchronous  evaporation  of  the  ingredients.  These  mixtures  were  in- 
troduced as  improvements  uiion  the  A.  C.  E.  falcolidl,  chloroform,  ether)  and 
C.  E.  (chloroform,  ether)  mixtures  then  extensively  used  in  England. 
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In  Ainericu  tlic  most  noteworthy  advances  in  anirsthcsia  were  the  intro- 
duction of  "ana^sthol"*  by  Dr.  Willy  Meyer,  of  New  York,  in  1S9S,  and  the 
Bennett  coml^ined  nitrous-oxide  ami  ether  inhaler  by  Dr.  T.  L.  Bennett,  of 
New  York,  in  1.S99. 

Dr.  Bennett's  combined  gas  and  ether  inlialer  for  the  administration  of 
these  agents  separately  or  in  combination  was  suggestiMl  by  Clover's  appara- 
tus, but  is  distinctly  an  imjirovement  upon  it. 

In  England  for  many  years  the  administration  of  anaesthetics  has  been  made 
a  profession  by  medical  men.  There  are  societies  of  anaesthetists,  and  sys- 
tematic teaching  is  in  vogue  at  the  large  hospitals  and  medical  schools.  Much 
writing  is  also  done  on  the  subject  of  anesthesia. 

In  America,  until  very  recently,  the  interest  of  tlie  profession  in  aniesthesia 
has  been  feeble.  Systematic  instruction  is  omitted  from  the  curricula  of 
most  of  the  hospitals  and  medical  schools  of  this  country,  and  the  average 
practitioner  starts  with  a  meagre  knowledge  of  tliis  important  subject. 

The  object  of  this  paper,  therefore,  is  to  furnish  such  practical  details  as 
will  enable  the  reader  to  get  a  working  knowledge  of  the  principles  and  methods 
of  administering  the  more  commonly  used  anaesthetics. 


II.  PREPARATION  FOR  SURGICAL  ANESTHESIA. 

Preparation  of  the  Patient. — The  amount  of  preparation  necessary  for 
patients  about  to  inhale  ans'sthetics  varies  with  the  duration  and  depth  of  the 
required  anesthesia,  but,  generally  speaking,  they  do  better  if  the  stomach, 
rectum,  and  bladder  are  empty. 

In  Ught  anaesthesias  consisting  of  a  simple  administration  of  nitrous  oxide, 
for  example,  little  or  no  preparation  may  be  necessary.  Certain  precautions, 
however,  should  be  taken  before  the  admiiiistration  of  any  general  anaesthetic: 
The  mouth  should  be  clear  of  any  foreign  body  that  could  be  swallowed  or  in- 
haled, the  nose  should  be  cleared  by  blowing,  and  the  clothing  about  the  neck 
and  waist  should  be  loosened. 

The  longer  and  more  profound  administrations  in  major  surgery  require  a 
careful  and  thorough  preparation  which  it  might  be  necessary  to  begin  weeks 
beforehand.  A  weak  patient,  for  example,  might  need  a  long  course  of  nour- 
ishing food  and  hygienic  treatment  before  he  would  be  in  a  fit  condition  for 

*  "  Ana^sthol  "  is  a  mixture  of 

Ethyl  chloride 17 .  00  volumes 

Ether .56 .  75        " 

Chloroform 43 . 2.5 

T\nth  a  boiling-point  of  40°  C.  (104°  F.)  It  is  based  on  Schleich's  principles,  but  is  more  effi- 
cient than  either  of  the  mixtures  which  he  advocated,  and  is  an  improvement  on  the  A.  C.  E. 
mixture  (alcohol  1  part,  chloroform  2  parts,  ether  3  parts). 
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operation;  a  <liabetic  might  require  dieting  until  the  amount  of  sugar  in  the 
urine  had  been  reducetl  as  much  as  possible. 

It  is  essential  in  every  major  administration  that  the  stomach,  rectum,  and 
bladder  be  emj3ty  at  the  time  of  operation,  anil  thus  degrees  of  starving  and 
pvn-ging  varying  with  the  strength  of  the  patient  may  be  necessary.  A  weak 
and  anamiic  woman  should  be  lightly  dieted  and  gentl}'  purged,  but  a  strong 
and  plethoric  man  will  take  an  amesthetic  better  if  he  be  well  starved  and 
purged. 

Generally  speaking,  for  twelve  hours  before  the  administration  of  the  anies- 
thetic  all  solid  food  should  be  withheld  and  the  stomach  should  be  empty  at 
the  time  of  operation.  Emergency  cases  may  reciuire  the  use  of  the  stomach 
tube,  which  may  often  be  left  in  the  stomach  during  the  operation,  as,  for 
example,  in  cases  of  intestinal  obstruction  with  fsecaloid  regurgitation.  Young 
children  may  surreptitiously  obtain  solid  food  before  ansesthesia  and  may 
recjuire  watching  on  this  account  to  prevent  it.  Many  serious  accidents  have 
occurred  from  the  vomiting  and  inhalation  of  food  by  ana'sthetized  patients. 

A  good  way  of  emptying  the  rectum  is  to  give  a  purgative  at  noon  on  the 
day  before  operation  and  an  enema  at  eight  or  nine  o'clock  the  same  evening. 
It  will  then  not  be  necessary  to  disturb  the  patient,  in  the  early  hours  of  the 
morning  of  the  operation,  to  give  an  enema.  As  before  stated,  the  amount  of 
piu-gation  must  be  increased  or  diminished  according  to  the  patient's  strength. 

In  preparing  to  administer  ether  by  the  rectum,  Cunningham  advocates  the 
use  of  full  doses  of  magnesium  sulphate  the  day  before  operation,  and  a  large 
cleansing  enema  the  morning  of  operation,  to  be  repeated  one-half  hour  before 
commencing  the  administration. 

Patients  should  always  empty  the  bladder  or  be  catheterized  immediately 
before  operation. 

The  moutli  should  be  cleaned  by  thoroughly  brushing  the  teeth  and  using 
an  antiseptic  mouth  wash  and  gargle  just  before  operation.  The  very  foul 
teeth  of  some  hospital  patients  may  require  systematic  cleaning  by  a  dentist 
before  the  administration  of  the  anesthetic.  This  is  especially  true  in  the  use 
of  ether,  as  the  mucus  developed  by  it  may  become  infected  by  bacteria  from 
the  mouth  and  possibly  inhaled,  thus  causing  a  septic  bronchitis.  The  secre- 
tion of  mucus  and  saliva  is  increased  during  the  administration  of  the  anaes- 
thetic. 

Mixed  Anccsihesia. — The  preliminary  administration  of  narcotic  drugs,  such 
as  morphine  with  or  without  atropine,  hyoscine,  scopolamine,  chloral,  etc.,  to 
patients  about  to  be  antesthetizcd  with  ether  or  chloroform,  is  called  "mixed 
anaesthesia."  The  hydrobromate  of  hyoscine,  gr.  xlo,  given  half  an  hour 
before  the  anaesthetic,  has  been  found  l^y  some  to  produce  tranquil  anaesthesia 
and  delayed,  but  satisfactory,  recoveries.  The  same  is  true  of  the  hydrobromate 
of  scojwlamine,  gr.  t^t,  given  an  hour  before  the  anaesthetic,  and  a  dose  of 


174  AMERICAN    PHACTICK   01'^  SrRf;i':RY. 

iiioipliiiie  ffivcii  liair  ;iu  lumr  lieforc.  'llir  iliuf^s  arc  adiniiiistored  hj'poder- 
inicully.  Althouffli  successful  in  many  cases,  liynsciuc  iiml  scopdlaniiiic  do  not 
seem  lo  l)e  enlirely  witlidul  danger,  owing  to  liieir  tendency  to  depress  too 
inucli  tlu'  ii'spiralion  and  I  lie  nervous  system. 

.M(ii|)liine  willi  atidpine  is  safer  to  use.  These  drugs  should  be  given  in 
rather  small  doses  ahum  half  an  hour  lieforc  I  lie  anesthetic.  Women  will  not 
re(|uire  moi'e  than 

.Morpliiiic itr.      J     to    J 

Atropine sr.  gij  to  xij 

while  men  do  well  wil  h 

Morphine f;r.     ,\    to    \ 

Atropine gr.  jij  to  ^ij 

The  adrantagey  of  mixed  anaesthesia  are: 

Calming  and  tran(iuillizing  the  patient  before  anirsthesia. 

Diminution  of  the  secretion  of  mucus  and  saliva  during  etherization,  thus 
avoiding  inflanunation  of  the  respiratory  passages  following  ether  anaesthesia. 

Lessening  of  the  amount  of  ether  or  chloroform  neces.sary  to  eonti'ol  the 
patient. 

A  tendency  to  produce  quiet  ana'Sthesia  by  depressing  the  respiration. 

A  tendency  to  lessen  post-anipsthetic  sickness  by  causing  the  patient  to 
sleep  after  withdrawal  of  the  ana'sthetic. 

A  tendency  to  produce  more  comiileti^  nuiscular  relaxation. 

The  dimdrantages  are : 

If  too  much  of  the  anaesthetic  is  u.'-ed  consideral)le  depression  of  the  respir- 
ation, owing  to  hypernarcosis,  may  result. 

It  may  delay  recovery  an  unnecessarily  long  time. 

Mixed  anaesthesia  should  not  be  used  as  a  routine.  The  cases  should  be 
selected,  and  the  doses  of  the  drugs  made  as  small  as  possible.  Generally 
speaking,  it  may  be  used  for  most  laparotomies,  owing  to  the  tranquil  breath- 
ing produced.  It  is  also  particularly  useful  in  operations  like  extirpation  of 
the  tongue,  where  the  giving  of  the  anassthetic  has  to  be  interrupted  for  vary- 
ing periods  of  time.  Mixed  ana'sthesia  should  be  omitted  in  weak  patients 
and  in  cases  of  morphine  idiosyncrasy;  also  in  .short  operations  that  do  not 
require  very  complete  muscular  relaxation  or  tranquil  respiration. 

Certain  emergency  cases,  notably  of  appendicitis,  jieritonitis,  intestinal  ol> 
struction,  etc.,  may  present  themselves  for  operation  after  the  patient  has  re- 
cently had  large  doses  of  morphine  on  account  of  pain.  Unless  this  be  known, 
and  the  amount  of  the  anaesthetic  proportionately  lessened,  dangerous  respira- 
tory depression  and  hypernarcosis  may  result  during  anaesthesia. 

Morphinists  will  be  found  hard  to  conti'ol  unless  they  are  given  suitable 
doses  of  morphine  before  anaesthesia. 
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Morphine  should  never  be  given  after  ana'sthesia  until  all  the  reflexes  have 
returned  antl  the  patient  is  fully  conscious:  otherwise  recovery  may  belong  de- 
layed and  the  proper  clearing  of  the  respiratory  passages  of  mucus  be  jirevented. 

Mixed  anaesthesia  should  be  usetl  with  great  caution,  if  at  all,  in  children. 

Atropine  alone  is  useful  when  ether  is  vised.  It  may  be  given  hypoder- 
mically  or  by  mouth  in  doses  of  gr.  ^^jj  to  gr.  xxro  five  or  ten  minutes  be- 
fore beginning  the  administration.  It  prevents  the  excessive  secretion  of 
mucus  and  saHva,  and  by  its  stimulant  action  supports  the  heart,  thus  produc- 
ing a  gootl  facial  color  which  might  prove  to  be  deceptive. 

The  preliminary  adminiMration  of  .stimulants  may  be  necessary  in  cases  of 
shock,  exsanguination,  or  exhaustion  rerpiiring  ana'sthetics.  As  a  rule,  rectal 
stimulation  bj*  an  enema  of  salt  solution,  brandy,  and  coffee,  intravenous  infusion 
with  salt  solution,  or  alcoholic  stinudation  by  mouth  is  more  effective  in  these 
cases  than  tlie  liberal  use  of  hypodermic  injections  of  strychnine,  digitalis,  etc. 

Certain  cases  of  cardiac  disease  ma}'  rerpiire  a  course  of  treatment  by  appro- 
priate stimulants  for  several  weeks  before  the  administration  of  an  anasthetic 
and  the  performance  of  tlic  operation. 

Before  an  anasthetic  is  administeretl,  the  history  of  the  patient's  previous 
anasthesias,  if  any,  shoukl  be  learned.  If,  for  example,  there  is  a  history  of 
marked  excitement  and  struggling  while  "going  under"  chloroform,  anasthe- 
sia  may  be  iniluced  by  gas  and  ether  and  excitement  thus  avoided.  If  much 
po.st-anasthetic  sickness  has  foUowetl  an  administration  of  ether,  it  may  be 
avoided  this  time  by  giving  nitrous  oxide  and  oxygen. 

The  anaesthetist  should  be  satisfied  regar(hng  the  state  of  the  heart  and 
arteries  and  of  the  lungs,  either  examining  them  himself  or  receiving  the  as- 
surance of  the  doctor  in  charge  that  they  are  in  good  condition.  The  existence 
of  acute  bronchitis,  or  a  head  cold,  is  often  enough  to  cause  postponement  of 
anasthesia,  antl  the  patient  should  always  be  questioned  as  to  cough,  sore 
throat,  coryza,  etc.  Besides  this,  the  mouth  should  be  examined  for  the  pres- 
ence of  false  teeth,  enlarged  tonsils,  adenoids,  cleft  palate,  etc.;  the  nose  for 
enlarged  lower  tm'liinates,  deviated  septum,  or  other  sovu'ce  of  nasal  obstruc- 
tion: and  the  chest  expansion  should  be  tested  by  causing  the  patient  to  take 
a  fidl  breath.  In  this  way  we  can  prepare  for  any  existing  impediment  of 
l)reathing  and  for  any  danger  to  the  circulation.  Such  an  examination  usually 
reassures  a  patient  rather  than  frightens  him. 

The  urine  nnist  be  examined  particularly  for  sugar,  albumin,  or  casts  in 
the  .'^ediment. 

It  is  unwise  to  ailminister  anasthctics  to  jiatients  of  either  sex  except  in 
the  presence  of  a  third  person.  Men  may  liecome  violent  and  require  restraint, 
and  the  erotic  dreams  and  evil  intentions  of  women  have  given  ri.se  to  false 
accusations  and  legal  cnnqilications. 

Preparation   and  Equipment   of   the  Anaesthetist.— A   httle    care   in    the 
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preparation  and  equipment  of  tlie  anaesthetist  will  prevent  niucli  delay  and 
confusion  during  the  operation.  An  adequate  sup])ly  of  whatever  anaesthetic 
agent  is  to  be  used  shoukl  be  at  hand. 

All  apparatus  shoukl  be  clean,  and  should  be  tested  before  using  to  make 
sure  that  it  is  in  working  order. 


Fig.  69. — Various  Forms  of  Mouth  Gags,  Tongue  Forceps,  etc. 


An  administration  should  never  be  started  without  a  gag  and  tongue  forceps 
being  at  hand.  There  are  many  forms  of  gags.  The  wedge  (Nos.  1  and  7,  Fig. 
69)  is  useful  for  prying  open  clenched  teeth.  Dr.  Bennett's  mouth-opening  gag 
is  aho  serviceable  (No.  2,  Fig.  69).  Other  forms  of  gags  are  shown  in  Fig.  69 
(Nos.  8  and  9).  Tongue  forceps  should  be  made  hi  such  a  manner  as  to  injure 
the  tongue  as  little  as  possible.  The  useful  forms  are  the  smooth-jawed  kind 
(Nos.  3  and  10,  Fig.  69)  or  tlie  tongue-piercing  kind  (No.  -1,  Fig.  69).     If  pro- 
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loiige(-l  ilrawing  forwarel  of  the  tongue  becomes  necessary  one  shoukl  suljstitiite 
for  the  forceps  a  silk  or  strong  catgut  sutvu'e  which  ma}'  be  passed  through  the 
middle  of  the  tongue  by  a  gk)ver's  needle  and  tlu'n  knotted. 

^louth  props  or  bite  blocks  should  also  be  at  hand.  They  are  usefid  in  all 
intra-oral  operations  and  for  holding  ojjen  the  mouth  when  nasal  obstruction 
exists  (5,  Fig.  69).  Two  pieces  of  rubb(>r  tubing,  three-eighths  of  an  inch  in 
diameter  and  from  two  to  .six  inches  long,  that  may  be  passed  along  the  floor 
of  the  nares  to  admit  air,  are  u.seful  in  nasal  obstruction  ('6,  Fig.  69). 

A  small  basin  for  vomiting  dui'ing  or  after  operation  should  be  at  hand;  also 
a  moistenetl  towel  and  throat  sponges  wrung  out  in  warm  water.  The  throat 
should  not  be  wipe<l  out  with  di-y  gauze  or  sponges,  as  it  may  brush  off  the 
epithelium  and  cause  pharyngitis. 

A  hypodermic  syringe  that  is  in  working  order,  and  tablets  or,  better  yet, 
fresh  solutions  of  strychnine,  digitahs,  cocaine,  adrenalin,  brandy,  etc.,  should 
be  a  part  of  the  equipment,  but  should  not  be  used  too  reatlily.  Oxygen  and 
aromatic  spirits  of  ammonia  are  often  servicealile. 

In  certain  operations — for  example,  intracranial  operations — it  may  be 
necessary  for  the  anaesthetist  to  sterilize  his  hands  and  apparatus  and  to  wear 
a  sterile  gown.  If  this  is  not  done,  great  care  should  be  taken  not  to  contam- 
inate the  Helil  of  operation  and  to  keep  the  hands  and  apparatus  as  clean  as 
possible. 

Except  in  large  hospitals,  where  smooth-running  trucks  and  plenty  of  as- 
sistants are  available,  it  is  preferable,  from  every  point  of  view,  to  arrange  the 
patient  comfortably  on  the  operating  table  and  there  to  begin  the  adminis- 
tration. 1\'W  patients  will  object  to  this  when  the  reasons  for  it  are  explained 
to  thcni.  In  these  cases  the  instruments  may  be  covered  and  the  surgeon 
and  his  assistants  keep  out  of  sight.  The  anaesthetizing  of  patients  at  a  dis- 
tance from  the  ojjcrating-room  is  undesirable  and  often  dangerous.  The  mov- 
ing arul  jolting  during  transportation  prevent  a  smooth  anaesthesia  and  arouse 
the  tendency  to  vomiting  anc'  the  partial  recovery  of  consciousness.  Further- 
more, the  patient  will  be  kept  under  the  ana-sthetic  a  con.siderably  longer 
time  than  if  the  achuinistration  had  been  starteil  on  the  table;  and  if  rcsinra- 
tory  difficulties — such  as  spasmodic  arrest  of  respiration — should  occur  tluring 
transportation,  trouble  and  delay  in  treating  them  vaW  result. 

The  patient  should  be  made  as  comfortable  as  possible  on  the  table.  As 
many  pillows  as  required  should  be  allowed,  and  the  feet  and  chest  should  be 
well  covered.  A  small  pad  or  pillow  placed  at  the  small  of  the  back  will  pre- 
vent the  lame  back  that  so  frequently  follows  operations.  The  elbows  of  the 
patient  should  be  allowed  to  rest  on  the  table,  and  attendants  should  be  pre- 
vented from  wrapping  up  the  arms  in  such  a  way  as  to  constrict  the  chest 
and  prevent  free  expansion.  Ana-sthetics  lower  the  body  temperature,  and 
therefore  patients  should  be  covered  sufficiently  to  protect  them  from  draughts 
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and  cold,  Ijiit  not  so  as  to  cause  sweating,  whicli  may  be  weakening  and  in- 
creases the  lial)ility  to  catch  cold. 

Heaters  and  iidl-water  hottles  placed  close  to  anaesthetized  patients  should 
be  carefully  wrapped  in  blankets  and  watched.  Unless  great  care  is  exercised 
it  is  better  todispense  with  them  altogethei',  as  hot-water- bottle  burns  are  often 
serious  and  frecjuently  expose  the  attendants  to  suits  at  law  and  sometimes 
heavy  damages. 

It  is  very  im])ortant  to  reassure  the  ))atient  and  to  put  liim  in  a  good  frame 
of  mind  before  starting  the  antesthesia.  An  attendant  or  friend  may  be  allowed 
gently  to  hold  the  patient's  hand,  and  c]uiet  should  prevail  in  the  room.  Talk- 
ing, hiu'ry,  confusion,  and  noise  of  any  kind  act  on  the  sensorium  of  a  semi- 
anse.stlietized  patient  in  an  unfavoi'able  manner,  besides  often  preventing  the 
anaesthetist  from  hearing  the  respiration. 

In  order  to  reduce  to  a  minimum  the  length  of  aniesthesia,  the  order  to  be- 
gin it  should  not  be  given  until  the  surgeon  and  liis  assistants  are  nearly  or 
entirely  ready  to  conanence  operating. 


III.  ADMINISTRATION  OF  ANAESTHETICS. 

The  more  commonly  used  ana'sthetic  agents  are  nitrous  oxide,  ethyl  chlor- 
ide, sonmoforme,  ether,  chloroform,  and  mixtures  of  chloroform  and  ether. 

In  describing  the  administration  of  these  agents  the  essential  points  in  their 
chemistrj',  jihysical  properties,  and  phj'.siological  effects  will  be  considered; 
also  their  relative  safety  and  the  symptoms,  dangers,  antl  after-effects  cau.sed 
by  them. 

Nitrous  Oxide. 

Nitrous  oxide  is  sold  in  heavy  steel  cylinders  containing  the  gas  in  liquid 
form  and  vmder  great  pressure.  When  it  is  liberated  from  the  cylinder,  conver- 
sion into  the  gaseous  form  takes  place,  with  the  production  of  intense  cold. 
This  often  interferes  with  the  working  of  the  apparatus,  the  outlet  of  the  cyl- 
inder or  the  tubing  becoming  plugged  with  frost.  English  cylinders  are  su- 
jjerior  to  American  ones  in  that  they  are  made  so  as  to  lie  flat  on  the  ground, 
the  gas  being  liberated  with  the  foot,  by  means  of  a  toothed  key  (see  Fig.  72). 
They  are  sold  in  twenty-five-  or  fifty-gallon  sizes,  which  are  more  convenient 
for  transportation  than  the  one-hundred-gallon  size,  which  is  the  smallest  sup- 
plied by  American  dealers.  American  cylinders  have  to  be  worked  by  a  hand 
key  in  the  upright  position  and  thus  require  a  special  stand,  or  they  have  to 
be  held  by  an  assistant  (Fig.  70). 

Nitrous  oxide  is  a  colorless  gas,  heavier  than  air,  with  an  almost  impercep- 
tible taste  and  odor.  Cylinders  containing  it  will  explode  if  exposed  to  too 
high  a  temperature. 
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Nitrous  oxide  is  a  true  anajsthetic  and  does  not  produce  its  effects  by 
asphyxia,  as  is  proved  by  its  admistration  with  large  percentages  of  oxygen, 
whicli  prevents,  approximately,  at  least,  cyanosis,  jactitation,  and  other  asphyx- 
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Bennett's  Gas  Inhaler. 


ial  STOiptoms,  and  yet  controls  the  patient.  It  cannot,  however,  be  breathed 
pure  for  more  than  fifty  or  sixty  seconds  without  producing  asphyxia.  It  in- 
creases the  rate  and  depth  of  respiration,  accelerates  the  heart's  action,  and 
causes  a  ri.se  in  blood  pressure.  If 
its  administration  be  i)ushed  to 
the  point  of  producing  true  as- 
phyxia, respiration  will  cease 
while  the  heart  continues  to  beat. 
Nitrous  oxide  used  as  a  pre- 
liminary to  ether,  or  for  short 
ojjerative  procedures  requiring  a 
.single  administration,  as  in  den- 
tistrj',  is  the  safest  anaesthetic 
known.  After  a  search  of  the 
hterature    covering    a    period    of 

twenty-seven  years,  Hewitt  could  find  only  seventeen  cases  in  which  death 
liad  been  due  to  nitrous  oxide.*  Combined  with  oxygen,  nitrous  oxide  is  even 
safer,  and,  accortling  to  Hewitt,  produces  the  safest  pos.sible  form  of  anesthesia. 

*  Hewitt's  "Administration  of  Anaesthetics,"  p.  227. 
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But  llic  (•(inlinuiiiis  inlialatiim  of  nilnius  (ixidc  willi  air  nr  oxyseii  for  the 
loiifjci-  periods  ol'  time  re(juii-e(l  hy  inajiu'  surjiical  operations  is  dangerous. 
Alarming  asphyxial  symptoms  may  develop  rapidly  and  deaths  have  been 
known  to  neeur.  Beimett  says  of  this  form  of  ana'sthesia  in  long  operations: 
"It  seems  pi'ohnlilc  tliat  its  general  adoplioii  would  leail  to  a  mortality  more 
nearly  approximating,  if  not  exeeeding,  that  of  ether  (jr  chloroform."* 

Gas  is  so  easily  eliminated  fronr  the  lungs  that  in  order  to  he  effective  it 
must  be  made  partially  to  replace  the  air  in  the  lungs,  and  the  access  of  fix'sh 
air  to  th(>  lungs  should  he  prevented  duiing  the  hrst  few  inhalations.  The  prac- 
tical (Hlliciilty  is  not  from  giA'ing  the  patient  too  much  gas,  but  from  allowing 
too  much  air,  thus  delaying  ana'sthesia.  An  appai'atus,  therefore,  must  be  so 
made  as  to  exclude  atmospheric  air  and  to  replace  the  air  in  the  lungs  with  gas. 
Such  are  Hewitt's  or  Bennett's  gas  inhalers. 

Bennett's  gas  inhaler  (Figs.  70  and  71)  consists  of; 

1.  The  metal  face-piece  (2)  with  inflatable  rubber  rim  (3)  to  exclude  air, 
and  ajjerture  A  to  admit  air. 

2.  The  gas  chamber  (5),  in  which  are  an  inspiratory  and  an  expiratory  valve, 
and  a  thumb-screw,  by  tiu'ning  whicli  they  may  be  thi-own  out  of  action. 

3.  The  gas  bag  (6).  which  is  connected  by  a  tulx'  with  tlie  gas  cylinder, 
and  in  which  the  gas  is  confined  by  a  stop-cock  which  at  the  same  time  opens 
the  air-tap  (7). 

Before  beginning  a  gas  administration,  dithculties  and  po.ssil)le  failure  may 
be  avoided  by  the  habitual  (il)servance  of  certain  precautions,  viz.: 

1.  Test  the  apparatus  antl  make  sure  that  it  is  in  working  order. 

2.  Be  sure  that  the  cylinder  contains  enough  gas.  This  riiay  be  determined 
accurately  by  weighing  the  cylinder  and  comparing  its  weight  with  that  marked 
on  the  label  (i.e.,  weight  when  full),  or  roughly  by  percussing  the  cylinder  with 
some  heavy  metal  object.  Empty  cylinders  give  a  hollow  sound;  cj'linders 
containing  gas,  a  liquid  sound. 

3.  Gas  should  be  cautiously  turned  on  from  newly  charged  cjdinders,  as  it 
is  apt  to  come  with  a  rush,  frightening  tlie  jjatient  or  bursting  the  tube  or  the 
gas  bag.  It  is  well  to  blow  off  a  little  gas  from  a  newly  chai'ged  cylinder  be- 
fore beginning  the  administration. 

4.  The  cylinder  connection,  which  connects  the  tube  leading  to  the  gas  bag 
with  the  cylinder,  should  be  firmly  screwed  in  place,  and  a  leather  washer  used 
at  the  mouth  of  the  cylinder  to  prevent  the  escape  of  gas  at  that  jioint. 

5.  Before  turning  on  the  gas  be  sure  that  the  stop-cock  leading  to  the  gas 
bag  is  open.     Otherwi.se  the  tube  will  l)e  bl(A\-n  off  the  cylinder  or  will  burst. 

6.  Always  keep  the  aperture  ^4  closetl. 
Nitrous  oxide  may  be  administered : 

1.  Pure,  as  in  dentistry. 

*  New  edition  of  "Reference  Handbook  of  Medical  Sciences,"  vol.  iii.,  p.  10. 
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2.  With  air  or  oxygon,  as  in  the  longer  o])erations  of  surgery. 

In  a  simple  administration  of  gas  with  the  Bennett  inhaler,  the  technique 
is  as  follows:*  "The  tap  being  fully  opcnetl,  the  l)ag  is  filled  with  gas  from  the 
cylinder  through  the  rul)her  tube  supplied  with  the  inhaler.  Aperture  D 
.'^hould  be  fully  opened.  Tlie  rubl)cr  rim  of  ihc  face-piece  should  be  mode- 
rately inflated.  The  face-piece  should  be  ap])li('d  so  perfectly  that  the  valves 
act  well,  the  inspired  air  entering  at  E  and  the  expirations  escajnng  at  D. 
Upon  closing  the  tap  E,  gas  will  be  drawn  fiom  the  bag  on  inspiration,  escap- 
ing at  D  on  expiration.  As  soon  as  the  inhalation  begins,  a  flow  of  gas  suffi- 
cient to  keep  the  bag  moderately  full  should  be  turned  on  from  the  cylinder." 
The  patient  will  now  be  inspiring  gas  through  the  insiiiratory  valve,  and  expir- 
ing gas  plus  air  through  the  expiratory  valve  into  the  air,  .so  that  an  increased 
amount  of  gas  is  constantly  entering  and  more  air  constantly  leaving  the  lungs, 
provided  the  face  piece  is  so  jjerfectly  applied  as  to  exclude  all  atmospheric  air. 

At  the  end  of  fi'om  flfty  seconds  to  two  minutes,  varying  with  the  patient 
and  the  anesthetist,  xii/tis  of  gas  ana'sthesia,  complicated  with  those  due  to 
limitation  of  air,  will  ajijiear.     These  are: 

1.  Rapid  deep  and  stertorous  respiration ^  _,. 

2.  Rapid  pttlse p"-"^  "^  sa« 

3.  Dilated  pupil \      an:rsthesia. 

4.  More  or  less  cvaiiosis  \ 

.    T     i-i  i-  '  (  I'np  to 

5.  Jactitation . 

c    r-.i      ■                      1       r  ii          »         V  \       anoxaemia. 

D.  L  Ionic  movements  ot  the  extremities ; 

If  too  little  gas  has  been  given,  all  the.se  signs  will  be  less  marked,  and 
excitement,  with  struggling  and  mild  delirium,  may  occur,  whence  the  term 
"laughing-gas." 

If  too  much  gas  and  loo  little  air  has  been  given,  the- breathing  will  become 
very  rapiil,  jerky,  and  loudly  stertorous;  cyanosis  would  become  intense;  pulse 
very  rapid  and  of  ]5oor  (juality;  and,  if  the  administration  were  continued  with- 
out air,  the  respiration  would  cease,  the  pulse  continuing  to  beat. 

In  a  simple  gas  administration,  when  signs  of  aiia-sthesia  appear,  the  face- 
piece  should  be  removed  and  the  operation  begun,  or  ether  should  be  substi- 
tuted according  to  the  purpose  of  the  administration.  The  period  after  the 
withdrawal  of  the  face-jjiece,  during  which  operative  jirocetlures  may  be  con- 
tinued, is  known  as  that  of  available  ana?sthesia,  and  varies,  according  to 
Hewitt,  from  fifteen  to  forty-five  seconds. 

Should  signs  of  asphyxi.a — i.e.,  cyanosis  and  jactitation — develop  too  early 
the  ymay  be  delayed,  and  the  period  of  available  ana'sthe.sia  usually  i)rolonged, 
by  closing  aperture  I),  thus  throwing  the  valves  out  of  action  and  allowing  the 
patient  to  breathe  to  and  fro  into  the  l«ig  a  mixture  of  gas  plus  the  residual 
iur  in  the  lungs. 

*  Directions  from  circular  that  accompanies  inhaler,  slightly  modified. 
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'I'lic  accidents  wliicli  may  occur  witli  nilnms  oxiilc  arc  usually  entirely  re- 
spiratory, the  heart  continuing  to  beat  alter  respiration  is  arrested.  The  treat- 
ment for  this  condition  is  to  open  tlie  mouth,  ih-aw  forward  the  tongue,  and, 
if  necessary,  perform  artificial  res])iration. 

Patients  usually  I'ecovcr  conscioiisness  from  gas  in  iroin  twenty  to  fifty 
seconds.  The  return  to  consciousness  is  abrupt  and  they  are  at  once  clear- 
headed and  normal.  There  is  rarely  any  nausea  oi'  vomiting.  Slight  head- 
ache and  dizziness  are  not  uncommon.  Temporary  glycosuria  lias  been  known 
to  follow  the  administration  of  nitrous  oxide.  As  a  rule,  however,  nitrous 
oxide  is  followed  by  no  ]K)st-ana'sthetic  sickness. 

NiTROfs  Oxide  .\xd  Air:  Nitrous  Oxipk  .\xr>  Oxycien. 

The  continuous  administration  of  gas  with  varying  amounts  of  air  or  oxy- 
gen has  lately  been  practised  by  English  and  American  ansesthetists,  who  have 
recorded  administrations  lasting  from  half  an  hour  to  two  hours  in  major  surgi- 
cal operations. 

In  certain  selected  cases  a  skilful  aiuesthetist  can,  especially  with  gas  and 
oxygen,  produce  a  jierfectly  non-asphyxial  form  of  ana.'sthesia  without  cj-aiio- 
sis,  jactitation,  or  clonic  movement,  and  with  a  certain  amount  of  muscular 
relaxation. 

The  disadvantages  of  this  method  are  its  danger  when  used  in  long  opera- 
tions, the  high  degree  of  skill  requiretl  to  produce  satisfactcjry  ana'sthesia,  the 
complicated  and  cumbersome  appai'atus,  the  large  rjuantity  of  the  gases  used, 
and  the  very  rapid  recovery  of  consciousness  Avith  consequent  post-operative 
pain.  The  form  of  anavsthesia  which  is  thus  produced  is  so  essentially  light 
that  certain  patients,  such  as  athletes,  alcoholics,  jilethoiic  and  obese  people, 
cannot  be  properly  controlled;  and,  in  fact,  muscular  relaxation  is  difficult  to 
prodvice  even  in  the  most  favorable  subjects. 

The  advantages  are  the  rajiid  recovery  and  absence  of  post-ana'sthetic  sick- 
ness, irritation  of  the  lungs  or  kidneys,  and  strain  on  the  heart  and  circulation. 

It  is  useful,  therefore,  in  certain  forms  of  ])ulmona}y,  cardiac,  and  renal 
disease  and  in  cases  which  have  had  seA'ere  post-anaesthetic  sickness  follo\A-ing 
the  administration  of  ether  or  chloroform. 

It  should  never  be  undertaken  by  any  but  a  thoroughly  skilled  ansesthetist. 

CUs  AND  Air. 

For  the  administration  of  gas  and  air  a  Hennett  gas  inlialer  may  be  used. 
Anaesthesia  is  induced  as  described  for  a  simple  gas  administration,  but,  instead 
of  removing  the  inhaler  when  ana?sthesia  is  complete,  the  administration  is 
continued,  an  effort  being  made  to  admit  enough  air  to  tli.spel  a.sphyxial  symp- 
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toms.  Air  is  admitted  either  continuously  by  keeping  aperture  A  sliglitly 
open,  or  intermittently  by  widely  opening  aperture  E  for  one  or  two  insi)ira- 
tions  when  cyanosis  or  other  signs  of  anoxa'inia  begin  to  apjjear.  It  is  oln'i- 
ously  dithcult  tn  ailniit  enough  air  to  a\'oi(l  signs  of  asphyxia  ant!  at  the  same 
time  keep  the  patient  properly  controlled  by  nitrous  oxide.  Still,  in  favor- 
able subjects,  such  as  ischa-mic  middle-aged  women 
or  men,  a  tolerable  form  of  ana\sthesia  may  be  pro- 
duced, although  muscular  relaxation  usually  does  . 
not  occur. 

Gas  and  Oxygen. 

The  form  of  anaesthesia  resulting  from  gas  and 
oxygen  is  much  more  satisfactoi-y,  and  in  favorable 
subjects  a  condition  resembling  normal  sleep  may 
be  produced. 

The    a])paratus   used   is   the  one   j)erfectetl    liy 
Hewitt  in   LS94  (Fig.  72).     It   consists  of  a  .set  of 
three  cylinders — two  of  nitrous  oxide  and  one  o 
oxygen.     From  the  cylinders    the  gases  are  liber- 
ated by  foot  kej's  into  separate  rubber  tubes  lead- 
ing   to  separate  partitions    of  a 
large  rubber  bag — one  partition 
for  oxygen,  the  other  for  nitrous 
oxide.      From  its  partition  the 
oxygen  passes  (1)   to  an  oxygen 
chamber,  whence  liy    the  regu- 
lating stop-cock  it  is  admitted 
(2)   in  definite  amounts   to  the 
r^ixing  chamber,  where  it  min- 
gles (3)  with  til.'  nitrous  oxide 
which  has  passed  from  its  parti- 
tion of  the  bag  directly  to  the 
mixing  chamber.     From  here  it 


P'iG.  72. — Hewitt'.s  Nitrons  Oxide  and  Oxygen  .\iipara- 
tus.  (Tliomas  L.  Bennett,  in  "  Reference  Handbook  of 
tlie  Medical  Sciences.")  A,  Face-piece  vvitli  inflatable 
edge;  B,  expiratory  valve;  C,  air-tap  for  inspiration 
when  the  gas  is  cut  off;  D,  lever  by  which  gas  aiitl  oxygen 
are  turned  on;  E,  special  stop-cock  for  turning  on  more 
oxygen  than  is  controlled  by  lever  D;  F,  index  showing 
proportion  of  oxygen  from  1  to  10;  G,  double  bag,  one  side 
for  gas,  the  other  for  oxygen;  H,  double  tube  (one  within 
passes     (4)     into      the     face-l.liece       ^^^  other) ;  /,  cylinders  of  gas  and  oxygen. 

and  is  breathed  liy  the  patient. 

In  an  administration  with  this  apparatus  the  procedure  is  as  follows: 
Enough  of  the  two  gases  to  fill  each  half  of  the  bag  about  two-thirds  full 

is  turned  on.     A  more  or  less  constant  stream  of  nitrous  oxide  will  be  necessary. 

but  an  occasional  turn  of  the  oxygen  key  will  keei)  the  oxygen  side  of  the  l)ag 

two-thirds  full. 

With  the  indicator  pointing  to  "Air"  the  face-piece  is  accurately  applied 
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and  till'  |ia(ii'iit  liirathrs  air  tlinnif;;]!  xaU'cs  wliich  sliould  lif  licaiil  tii  Work 
with  a  siiar])  click.  The  indicator  is  then  tuincd  ("  "N.,()"  and  afterward  to 
"0^."  "().,"  means  that  a])proxiniately  two  per  cent  of  oxygen  i.s  nii.xing 
witli  the  nitrous  oxide  in  the  mixing  chamber,  the  oxygen  entering  the  mixing 
chamlier  fiom  the  oxygen  chamlier  through  a  .series  of  ten  small  apei'tures,  two 
of  which  are  now  oiicned  by  the  regulating  stop-cock. 

In  two  or  three  minutes  complete  anaesthesia  will  result.    The  signs  of  this  are : 

Rhythmical,  softiy  stertorous  breathing; 

Dilated  jiujiil  with  loss  of  conjunctival  reflex; 

Fixed  eyeballs; 

More  or  less  muscular  relaxation. 

If  too  little  oxygen  is  given,  cyanosis,  jerky  and  loudly  steilorous  respira- 
tion, and  clonic  nlo^'enlents  of  the  extremities  will  result. 

If  too  much  oxygen  is  given,  signs  of  excitement,  movements  of  the  extremi- 
ties, phonation,  or  acti\'e  ilelirium  may  occur,  with  other  signs  of  recovery  from 
the  ana'sthesia. 

More  oxygen  may  be  admitted  by  moving  the  indicator  to  3,  4,  5,  etc., 
up  to  10",  when,  by  a  suiiplementary  sto]3-cock,  an  additional  ten  or  twenty 
per  cent  of  air  may  be  admittetl. 

During  the  administration  enough  oxygen  should  be  given  to  do  away  with 
cyanosis,  etc.,  but  not  enough  to  counteract  the  antesthetic  effect  of  the 
nitrous  oxide. 

A  favorable  subject,  under  gas  and  oxygen  anesthesia,  should  show  a  nor- 
mal or  sligh.tly  heightened  color,  soft  or  slightly  snoring  breathing,  and  mus- 
cular rela.xation.  It  is  difficult  for  any  but  an  expert  to  maintain  an  even  an- 
aesthesia, owing  to  the  rapid  changes  that  follow  too  much  or  too  little  of  either 
gas  or  oxygen.  Any  jolting  or  moving  of  the  patient  when  ana'sthetized  will 
markedly  disturb  the  administration.  The  administration  should  be  started, 
therefore,  not  only  on  the  operating  table,  but  in  the  position — lithotomy  or 
Sims,  for  example — in  whicli  the  operation  is  to  be  performed. 

Recovery  is  usually  rapid,  patients  recovering  complete  antl  normal  con- 
sciousness in  from  one  and  a  half  to  two  minutes.  There  is  usually  no  post- 
anaesthetic  sickness,  although  nausea  and  vomiting  occur  more  frequently  than 
after  gas  and  air,  probably  owing  to  the  mucus  and  saliva  sometimes  produced. 

On  the  average,  one  hundred  and  fifty  gallons  of  nitrous  oxide  and  fifty  gal- 
lons of  oxygen  per  hour  would  l^e  used,  so  that  the  cost  of  anesthesia  by  gas 
and  air  or  gas  and  oxygen  is  considerable. 

Ether. 

Ether  is  a  very  volatile  and  inflammable  liquid,  with  a  pungent  odor,  a 
burning  taste,  a  low  boiling-point  (95°   F.),  and  a  specific  gravity  of   .720. 
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For  anaesthesia  the  purest  etlier  obtainable  should  be  used.  It  is  sold  in  licr- 
metically  sealed  tin  cans  and  it  is  best  to  purchase  the  small  sizes  containing 
100  gni.  or  250  gni.  These  sliould  be  opened  only  as  required,  should  be  kept 
tightly  corked  and  away  from  heat  or  sunlight.  Ether  should  not  be  opened 
within  ten  feet  of  an  open  flame,  and.  when  the  cautery  is  in  use  at  an  opera- 
tion, the  ether  inhaler  should  be  covered  with  a  wet  towel. 

Ether  is  a  powerful  cardiac  and  respiratory  stimulant.  When  inhaled  its 
fumes  are  irritating  to  tlu'  mucous  membrane  of  the  respiratory  passages, 
causing  coughing,  secretion  of  mucus,  and  more  or  less  hypera-mia  witli  con- 
sequent swelling  of  the  mucous  membrane.  Ether  accelerates  the  heart's 
action  and  causes  a  rise  of  blood  pressure.  Prolonged  etherization  diminishes 
the  amount  of  luemoglobin  in  the  blood  and  also  lowers  the  body  temperature. 
During  the  early  stages  of  etherization  the  respiration  is  rapid,  deep,  and 
stertorous;  the  whole  circulation  is  stinudated,  and  there  is  often  seen  on  the 
neck  and  chest  a  mottlctl  ajJixnirance  due  to  capillary  turgescence  and  known 
as  "ether  rash."  This  is  physiological  and  disappears  as  anaesthesia  deepens. 
Sweating  is  common  during  ether  antesthesia.  Ether  is  irritating  if  allowetl 
to  evaporate  rapidly  ujjon  the  skin,  causing  destruction  of  the  epidermis,  the 
lesions  being  known  as  "  ether  burns."  During  the  lighter  degrees  of  ether  ana^s- 
the.'iia  a  general  tremor  of  the  body,  known  as  an  "  ether  chill,"  may  be  observed. 
It  is  without  special  significance. 

Prolonged  inhalation  of  ether  causes  irritation  of  the  kidneys,  as  shown  liy 
post-operative  allnunin  in  the  urine. 

AMien  administered  liy  rectum,  ether  seems  in  some  cases  to  cause  bloody 
diarrhoea  and  serious  collap.'^e. 

In  ether  accidents  the  heart  usually  continues  to  beat  after  the  respiration 
has  ceased. . 

Owing  to  its  stimulating  effect  upon  the  heart  and  respiratory  centre,  ether 
is  a  safe  anaesthetic.  Except  in  diseases  like  diabetes,  Bright's  disease,  uncom- 
pensated heart  disease,  certain  lung  diseases,  empyema,  etc.,  ether,  even  in 
unskilled  hands,  is  not  especially  dangerous.  Statistically,  Hewitt  places  its 
death-rate  as  one  in  sixteen  thousand,  making  it  less  safe  than  nitrous  oxide, 
five  times  safer  than  chloroform,  safer  than  mixtures  of  chloroform  and  ether, 
and  safer  than  ethyl  chloiide  or  sonmoforme. 

0-s\-ing  to  its  low  boiling-point  and  volatility,  ether  is  rapidly  eliminated  from 
the  lungs  and  is  therefore  usually  administered  with  more  or  less  limitation  of 
air. 

Owing  to  the  fact  that  the  fumes  of  ether  are  considered  very  disagreeable 
to  inhale  by  most  patients,  it  is  rare,  except  in  a  country  practice,  that  ether 
is  employed  for  the  induction  of  anaesthesia.  Usually  gas,  chloroform,  ethyl 
chloride,  or  some  more  pleasant-smelling  agent  is  used  until  the  patient  be- 
comes unconscious,  and  then  ether  is  substituted. 
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Methods  of  Administering  Ether.— Ether  may  1k>  ailininistorod  l)y: 

1.  TIk'  ()//('/(  iiiciIkmI : 

2.  T\\v  s('ini-(iiirn  iin'thoil; 

8.  The  rinse  iiictli(Hl  (llirsc  three  iiiethiHls  heui^  tlius  desi.mialed  accord- 
ing to  the  auKiuiit  of  air  limilalioii  practised):  and 

4.  By  rectum. 

1.  The  Open  Melliod.—lu  tlio  open  method  ether  is  ])oured  drop  l)y  droj)  on 
a  towel,  folded  fijauze,  or  chloroform  mask,  with  no  attempt  at  air  limitation. 


Fig.  73. — Greene's  Thermo-ether  Inhaler. 


Any  form  of  drop-bottle  may  be  used,  or  a  gauze  wick  t^^•o  or  three  inches 
long  may  be  inserted  along  the  cork  of  an  ordinary  ether  can,  this  contrivance 
making  a  good  dropper.     Ether  must  Ije  dropped  slowly  at  first,  after  two  or 
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three  minutes  more  rapidl}-,  and,  wlien  tlie  stage  of  excitement  or  struggling  is 
reached — say,  in  from  five  to  six  minutes, — a  free  dropping  should  be  kept  up. 
When  anaesthesia  is  complete,  i.e.,  in  from  six  to  ten  minutes,  a  steady  drop- 
ping of,  say,  thirty  to  fifty  drops  a  minute  may  he  kept  up  for  five  minutes, 
and  then  just  enough  should  lie  given  jiroperly  to  control  the  patient. 

This  method  is  applicable  chiefly  to  children  and  feeble  subjects.  It  may 
fail  to  control  strong  and  full-blooded  patients.  The  constant  dropping  tends 
to  produce  an  even  anaesthesia,  and  the  free  air-supply  prevents  cyanosis. 

The  disadvantages  of  the  method  are;  That,  owing  to  the  extreme  vola- 
tility (if  ether,  most  patients  cannot  be  properly  controlled  even  when  enor- 
mous quantities  are  used;  that  the  large  amount  of  ether  necessary  fills  the 
room  with  its  fumes;  that  much  ether  is  wasted;  and,  finally,  that  the  recov- 
ery of  the  patient  is  not  ajit  to  be  so  satisfactory  and  so  free  from  post-ames- 
thetic  sickness  as  it  would  Ije  after  a  skilful  administration  by  the  close  method. 

The  administration  of  ether  by  Greene's  thermo-ether  inhaler*  (Fig.  73)  may 
be  called  a  form  of  the  open  method,  inasmuch  as  no  air  limitation  is  attempted. 
It  is  useful  in  prolonged  operations  about  the  nose  and  mouth,  or  in  any  opera- 
tion about  the  head  where  the  surgeon  requires  to  work  without  interruption 
by  the  frequent  removal  and  reapplication  of  an  inhaler.  The  apparatus  con- 
sists of  a  glass  ether  bottle  (1)  holding  about  one  pint,  which  is  placed  in  a 
lirass  double  cylinder  (2)  containing  water.  The  water  in  the  inner  cylinder 
and  surrounding  the  ether  bottle  is  heated  to  110°  F.,  that  in  the  outer  cylin- 
der to  1.50°  F.  (65.5°  C).  In  this  manner  the  ether  is  vaporized  rajjidly  and 
its  strength  increased.  A  rubber  tube  is  attached  to  a  small  foot  pump  (3) 
and  is  led  through  the  stopper  of  the  ether  bottle  to  within  one  inch  of  the 
bottom  (i.e.,  is  immersed  in  ether).  At  about  its  middle  this  afferent  tube  is 
expanded  into  a  dilatable  rubber  bag  (-t),  which  is  kept  distended  by  the  foot 
pump  in  order  to  maintain  constant  air  pressure.  Another  tube  (5)  leads  from 
the  ether  bottle  to  the  patient  and  ends  in  a  bent  hard-rubber  mouth-tube  with 
an  automatically  closing  stop-cock  (6).  Air  from  the  foot  pump  distends  the 
rubber  bag,  which  in  turn  forces  it  thi-ough  the  ether  in  the  bottle.  There  it 
mixes  with  ethei'  vapor  and  is  carried  to  the  patient's  mouth  by  the  efferent 
tube.  The  stop-cock  allows  ether  vapor  to  be  breathed  only  during  inspira- 
tion. Before  the  apparatus  is  used,  the  patient  should  be  deeply  anaesthetized 
by  ordinary  methods;  otherwise  the  strong  vapor  from  the  thernio-inhaler  will 
cause  reflex  coughing.  Once  well  started,  however,  profound  anaesthesia  can 
be  maintained  and  prolonged  operations  done  without  interruption. 

2.  The  Semi-Open  Method. — In  this  method  one  of  the  \-arious  forms  of 
semi-open  inhalers  is  used.  These  limit  the  air  supply  more  than  is  the  case 
in  the  open  method,  though  not  so  much  as  in  the  closed  method. 

Rendle's  mask  (English)  and  Allis'  inhaler  (American)  are  well-known 
♦Boston  Med.  and  Surs;.  Jour.,  vol.  cxlviii..  \o.  IS,  pp.  470  and  471,  .\pnl  30th,  190.3. 
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forms  of  a  scmi-oiicii  inlialci'.  An  ordinai'y  cllicr  cone  ]>in|i('ily  iiiiidc  (if  tnwel, 
ji;auze,  anil  iJastclioard  is  an  cxccllfnt  form  of  scmi-niicn  inhaler,  hcinp;  clean, 
pliable,  and  close-fitting  (Figs.  74  and  75). 

Actual  Administration  of  tlie  Semi-open  Mel  hod.  -  .\s  fai'  as  any  one  melliod 
may  lie  said  to  lie,  llie  adminis1i-ali<iii  of  ellier  liy  the  seiiii-o|)en  method  is 
the  most  generally  useful  as  well  as  the  safest  and  most  ]iractical  method  of 
anaesthetizing.  When  g(>neral  practitioners  or  persons  unskilled  in  the  use  of 
anaesthetics  are  called  u]ion  to  give  ether  this  will  usually  be  the  method  em- 
jiloyed.  A  detailed  descri]ilion  of  such  an  administi'ation  will  therefore  be 
given.  Obviously,  certain  of  these  details  a]jply  also  to  the  ail  ministration  of 
other  aiia'stheties,  nolnblv  of  chloi-ofoi-m  and  its  mixtures. 


l'"iG.  74. — Mas.saeliusetts  General  Hospital   Etiicr  (.'one. 


Humanely  to  induce  complete  anaesthesia  by  ether  it  is  well  to  allow  ten 
minutes  for  most  cases. 

Having  secured  absolute  quiet  in  the  i-oom,  and  avoiding  all  appearance  of 
hurry  and  confusion,  jiom-  a  small  dose  of  ether  directly  upon  the  gauze  at  the 
top  of  the  cone,  and  hold  it  six  or  eight  inches  from  the  patient's  face,  encour- 
aging him  to  breathe  freely  and  naturally  through  the  mouth  or  nose  or  both. 
The  patient  should  not  be  told  to  take  deep  breaths  at  first,  as  this  will  provoke 
coughing,  the  secretion  of  mucus,  and  salivation.  As  the  patient  becomes 
more  accustomed  to  the  vapor,  the  inhaler  should  lie  moved  neai-er  the  face, 
ether  being  added  frecjuently  in  small  doses  but  not  allowed  to  wet  the  edges 
of  the  inhaler  where  it  comes  in  contact  with  the  face,  as  this  might  cause 
"ether  burns." 

At  the  end  of  from  four  to  six  minutes,  if  the  administration  has  been 
steadily    continued,  excitement,   struggling,   or    delirium  will  occur.     This  is 
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known  as  tlie  ''stage  of  excitement."  Tt  may  he  pos.silile,  if  the  patient  be  not 
restrained  in  any  way,  to  avoid  stiiiggling  Ijy  carefully  and  steadily  increasing 
the  strength  of  the  vajjor,  which  should  still  be  well  diluted  with  air.  If,  how- 
ever, the  patient  be  held,  he  may  mi.sinterprct  this  as  the  .signal  for  violence 
and  resist.  If  it  seems  impossilile  to  avoid  resistance  the  patient  sliould  be 
properly  restrained,  to  do  which  rerjuircs  three  persons,  as  a  rule.  The  ana's- 
thetist  with  his  ellnAxs  on  the  tal)le  holds  the  patient's  head  between  his  fore- 
arms, controlling  the  inhaler  with  his  hands;  one  attendant  controls  the  arms 
by  grasping  the  wi'ists;  another  the  legs  by  holding  down  the  knees. 

A  large  dose  of  ether  should  now  be  given  and  more  air-limitation  ]iractised 
until  the  patient  is  forced  into  complete  anasthesia,  the  signs  of  which  are 


Fig.  75. — Massacliusetts  Ocncral  Hospital  Etlier  Cone;    top  view.      Sc'mi-o]ien  metliod. 

regular  and  stertorous  breathing,  mu.scular  rela.xation,  moderately  dilated  pupil, 
and  absent  conjunctival  reflex. 

A  flat  pillow  is  well  suited  for  the  supjiort  of  the  patient's  head,  which 
should  now  be  turned  to  one  side  and  keiit  in  this  position  throughout  the 
anBesthesia  and  during  the  lecovery  period  until  the  return  of  the  coughing 
and  the  swallowing  reflex.  This  is  important,  because  with  the  head  in  this 
position  resi)iration  is  more  efficiently  performed,  the  tongue  tending  to  fall 
forward  andaway  from  the  pharynx,  anil  the  dangei'  of  inhaling  mucus,  saliva, 
and  vomitus  being  avoided  by  the  free  escape  which  this  position  of  the  head 
affords.     The  head  should  be  neither  hyperextended  nor  flexed. 

To  produce  gootl  breathing  it  may  or  may  not  be  necessary  to  hold  forward 
the  jaw.  If  breathing  is  good,  I.e.,  if  inspiration  and  expiration  are  ample  antl 
if  obstructive  stertor  is  absent,  no  jaw-holding  is  necessary.  But  if  the  breath- 
ing is  poor,  the  jaw  may  be  held  forwai'd  cither  from  liehind  or  by  a  finger  on 
the  point  of  the  jaw,  thus  pulling  the  base  of  the  tongue  away  from  the  pharyn- 
geal wall.  If  undue  force  be  exercised  in  pressing  the  jaw  forward,  pain  and 
a  sense  of  lameness  will  be  caused  by  the  act  at  the  seat  of  pressure. 
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The  patient's  shoulders  sIkiuM  he  depressed  to  straighten  the  neclc,  and  the 
elbows  should  he  allowed  to  rest  on  the  table  to  I'avoi-  free  expansion  of  the 
chest. 

When  the  ana'sthcsia  is  once  complete  it  sliouM  be  maintained  by  frequently 
adding  small  doses  <if  ether  I'ather  than  by  iioiiring  on  large  ones  when  the 
])atient  shows  signs  of  recovery.  The  signs  of  recovery,  oi-  of  the  patient's 
l)ecoming  "light"  (lightly  ana?sthetized),  are:  The  breathing  becomes  slower, 
irregular,  and  less  audible,  and  there  is  occasional  sighing;  the  corneal,  con- 
junctival, and  pupillary  reflexes  become  active,  and  lachrymation  occurs;  the 
swallowing  reflex  returns  and  will  be  followed  by  retching,  \\lii<di  is  likely  to  go 
on  to  vomiting. 

If  the  o])eration  does  not  require  profound  anaesthesia  and  complete  nuis- 
cular  relaxation,  an  effort  .should  be  made  to  kee])  the  i)atient  "lightly  under," 
i.e.,  with  tranciuil,  noiseless  breathing  and  active  eye  reflexes.  As  fai-  as  any 
.specific  directions  can  lie  given  for  doing  this,  they  are:  Keep  the  inhaler  closely 
applied  to  the  face,  and  add  small  doses  of  ether  at  frequent  intervals. 

When,  however,  deep  anisesthesia  is  required,  as  in  laparotomies,  care  should 
be  taken  not  to  over-etherize  the  patient.  The  .signs  of  over-etherization 
are: 

Respiration  becomes  gasping,  with  short  inspiration  and  prolonged  expira- 
tion; the  pupil  is  widely  ililated  and  does  not  react  to  light:  the  corneal  and 
conjunctival  reflexes  are  absent:  the  general  appearance  is  bad,  with  pallor  or 
marked  cyanosis;  the  jniLse  is  rapid  and  thready. 

In  estimating  the  j)rofoundne.ss  of  the  ana'sthesia  the  respiration  is  the 
most  important  guide.  It  varies  with  the  amount  of  the  anaesthetic  admin- 
istered and  also  undergoes  reflex  changes  due  to  the  operative  procedure.  For 
example,  the  respirations,  being  tranquil  and  inaudible,  may  become  rapid, 
deep,  and  stertorous  as  soon  as  operative  procedures  are  begun.  This  is  "re- 
flex breathing"  and  should  be  considered  in  judging  the  sountl  of  respiration. 
In  general,  the  greater  the  amount  of  anesthetic  administered  the  more  rapid 
the  rate  and  the  greater  the  depth  and  stertor  of  the  respiration. 

The  pupil  is  of  some  importance  in  estimating  the  depth  of  the  anaesthesia. 
A  dilated  pupil  that  does  not  react  to  light  usually  indicates  deep  ana'sthcsia, 
but  the  pupil  may  also  be  dilated  and  fixed  in  light  ana'sthe.sia.  In  this  latter 
case  it  is  due  to  the  reflex  effect  of  the  operation  and  would  contract  with  the 
adchtion  of  more  ether,  besides  being  associated  probably  with  an  acti^'e  corneal 
and  conjunctival  reflex.  In  the  first  instance,  however,  the  coineal  and  con- 
junctival I'eflexes  would  be  absent,  and  the  addition  of  more  ether  would  still 
further  cUlate  the  pupil. 

As  anajsthesia  deepens,  the  conjunctival  reflex  first  disappears  and  then  the 
corneal  reflex. 

The  eye,  however,  should  not  be  relied  upon  too  nmch,  and  the  above  re- 
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flexes  should  always  be  considered  in  conjunction  witli  the  breathing,  the  gen- 
eral appearance,  tlie  pulse,  etc.,  in  estimating  the  patient's  condition. 

The  conjunctival  and  corneal  reflexes  .should  be  tested  .seldom,  and  then  as 
liglitly  and  carefully  as  pos.'jible,  in  ortler  not  to  infect  the  conjunctiva  and 
not  to  brush  off  the  corneal  epithelium.  After  testing  tliem  the  u])per  lid 
should  be  held  clo.sed  for  a  moment  to  wash  away  any  possible  infection. 

The  ]")ul.se  during  etherization  should  not  take  the  anavsthe list's  attention 
from  the  respiration.  It  may  be  taken  at  the  temi)oral,  the  facial,  rr  t},p  y^. 
dial  artery,  and  counted  by  tlie  (juarter  or  half  minute,  and  report'  '  unduly 
rapid  or  of  ]x>or  (|uality.  If  shock  or  hemoi'rhage  occur,s,  however,  careful 
watch  of  the  pulse  must  l)e  kept.  It  is  well  to  have  a  capable  attendant  do 
this,  in  order  that  the  ana\sthetist  may  give  his  whole  attention  to  the  breath- 
ing and  to  the  administration  of  the  ana'sthetic. 

\'oniiting  occurring  during  ana'sthesia  will  usually  be  jirecededby  the  above- 
mentioned  signs  of  recovery.  By  the  addition  of  more  ether  an  effort  should 
lie  made  gradually  to  al)olish  this  reflex,  but  if  it  fails  the  head,  if  othcr\\ise 
placed,  should  be  turned  to  one  side,  the  mouth  and  throat  sponged  out,  and, 
during  the  first  pause  in  the  emesis,  fresh  ether  sltould  be  added  on  a  clean 
inhaler  if  the  first  has  been  .'toiled. 

The  presence  of  mucus  in  increased  amount  during  etliei-ization  may  inter- 
fere \nth  respiration,  although  this  seklom  happens  if  atropine,  or  mor])hine 
combined  witli  atropine,  lias  been  given.  The  treatment  is  to  turn  the  head  to 
one  side,  to  press  the  jaw  forward,  and  to  place  a  gauze  drain  in  the  lower  cheek 
to  pro\-ide  free  drainage  for  the  mucus.  The  throat  may  be  sponged  out, 
although  this  seldom  does  any  pei'uianent  gooil.  In  exti-eme  cases  it  may  be 
necessary  to  stop  etherization,  turn  over  the  jiatient  to  cau.se  escape  of  the 
nmcus,  and  then  resume  the  administration  with  chloroform  or  a  mixture  con- 
taining this  drug. 

As  the  operation  progres.ses,  less  and  less  ether  shouki  be  u.sed,  the  ana'.s- 
thesia  being  so  graded  that  when  the  last  stitch  is  taken  the  patient  will  be 
showing  signs  of  recovery.  Tlie  administration  should  not  l)e  stopped  .so  early 
that  retching  and  vomiting  will  annoy  the  surgeon,  but  it  should  be  unneces- 
sary to  leave  the  patient  snoring  in  profound  ana'sthesia  when  the  operation 
is  finished. 

The  Close  Method. — The  administration  of  ether  liy  the  close  method  was 
introduced  by  Mr.  Clover,  a  London  anaesthetist,  in  1876.  In  it  an  extreme 
degree  of  air-limitation  is  jiracti.sed,  just  enough  air  being  allowed  to  keep  the 
blood  oxygenated  and  the  facial  color  good.  The  inhalers  used  are  fitted  with 
rubber  bags  which  act  as  reservoirs  for  ether  vajioi-  and  from  which  this  vapor 
is  lireathed,  air  l)eing  admitted  continuously  or  intermittently  to  mingle  with 
the  ether  vapor. 

Familiar  types  of  closed  inhalers  are  Clover's  or  Oiinsby's  (English)  and 
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Bennett's  (American)  (Fig.  76).     The  latter  lieing  taken  as  a  tyix',  the  follow- 
ing is  the  techni(|ue  of  an  administration  by  this  method: 
Bennett's  ether  inhaler  consists  l)rietly  of — 

1.  The  niclal  face-piece,  with  apertuic  .1   lor  the  a(hiiission  of  air,  and  an 
inflatable  rubbci'  rim  loi-  the  exclu.sion  of  air. 

2.  The  ether  chamber  containing  a  wire  cage,  which  is  packed  with  gauze  to 


be  saturated  with  etl 


ler. 


Running  through  the  cage  is  an  air-shaft,  ^^'hen  the 
index  on  the  outside  of  the  ether 
chaiubcr  is  at  ".\ii'"  the  ether  is 
shut  off  and  air  is  l)reathcd  through 
the  air-shaft. 

3.  The  bag  fitting  upon  the  ether 
chamber  and  having  an  air-tap,  C. 

The  technique  of  the  administra- 
tion follows  in  the  words  of  the  circu- 
lar that  accom}3anies  each  inhaler: 


Fig.  76. — Etlier  Inhaler. 

(to  s-itu)  firmly  with  dry  gauze,     ft  will   hol( 
twelve   inches   lona;.     Do  not  allow  the  ends  of  the 


Ether  Inhaler. — Take  the  ether 
chamber  apart  by  removing  the 
thumb-screw.  Pack  the  wire  cage 
a  i)iece  one  yard  wide  and  ten  or 
gauze  to  interfere  with  the 
mechanism  of  the  inhaler.  Turn  the  index  to  the  upward  limit  (full  ether) 
and  pour  from  one-half  to  one  ounce  of  ether  upon  the  gauze — one-half  through 
the  face-piece,  the  other  half  through  the  chimney  at  the  top  of  the  ether 
chamber.  Now  turn  the  index  to  the  downward  limit  (full  air)  and  attach  the 
bag.  The  rubber  cushion  of  the  face-i)iece  should  be  moderately  inflated.  The 
air  traps  at  A  and  at  C  should  be  closed.  A])].)ly  the  face-jiiece  during  several  ex- 
pirations, so  as  to  distend  the  bag  moderately:  then  keep  the  inhaler  ajjplied  and 
turn  the  index  at  once  to  the  line  between  air  and  ether.  Now  turn  the  index  toward 
ethe-,  about  one-sixteenth  inch,  every  two  or  three  inspirations,  or  as  slowly  as 
necessary  to  avoid  the  effects  of  too  strong  ether  fumes.  In  about  one  minute  the 
index  will  have  been  moved  foi'ward  one-fourth  or  one-thii'd  the  distance  between 
the  line  above  referred  to  ami  the  upward  limit.  Occasional  insjarations  of  air 
should  now  be  given  l)y  removing  tlie  inhaler  from  the  face,  and  the  index  shoukl 
l)e  moved  more  gradually  forward  until  complete  anaesthesia  is  present.  This  is 
accomi)lished  in  from  two  to  five  minutes  in  average  ]iatients.  When  the  inde.x 
has  reached  a  little  more  than  one-half  the  di.stance  from  the  line  to  the  upieard 
limit,  full  ether  is  on  and  the  index  should  be  at  once  moved  to  the  upward  limit. 
The  administration  consists  chiefly  in  the  regulation  of  two  factors:  1.  The  air 
supply:  and,  2.  the  ether  su]i])ly. 

1.  The  Air  Supply. — During  the  induction  of  ana-sthesia  the  air  supply  should 
be  limited  as  above:  enough  should  lie  given,  however,  to  jirevent  more  than  slight 
cyanosis.  Patients  differ  greatly  in  the  amount  of  air  they  re(iuire  with  ether,  and 
the  air  supply  must  be  regulated  in  accortlance  with  the  following  facts:  The  taj) 
C  being  closed,  if  A  is  o]ienecl  slightly  the  patient  will  receive  little  air  and  much 
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ether;  if  fully  opened  he  will  receive  much  air  and  little  ether.  The  tap  ^4  beino; 
closed,  if  C  is  opened  slightly,  the  patient  will  receive  little  air  and  much  ether: 
if  fully  opened,  he  will  receive  much  air  and  much  ether. 

2.  The  Ether  Supply. — At  the  beginning,  the  ether  chamljer  should  be  charged, 
as  above,  with  from  one-half  to  one  ounce  of  ether,  according  to  the  patient,  and 
this  will  usually  be  sufficient  to  induce  com])lete  ana'sthesia.  It  is  best  to  continue 
the  administration  with  the  index  turned  to  the  upward  limit,  and  from  one-half 
to  one  drachm  of  ether  every  two  or  three  minutes  will  be  found  enough  for  the 
average  patient.  Ether  may  be  added,  (1)  through  the  face-piece,  (2)  through  the 
chimney,  or  (3)  through  the  revolving  disc  on  the  side  of  the  ether  chamber.  (1)  is 
preferable  in  usual  cases,  (2)  or  (3)  is  of  great  advantage  when  it  is  inconvenient  to 
remove  the  inhaler  from  the  face. 

The  quantity  of  etlier  necessary  will  average  four  ovuice.';  for  the  fir.st  hour 
and  two  ounces  for  the  .second  hour. 

The  disadvantages  of  this  method  are:  Special  skill  is  required;  an  uneven 
ana'sthe.sia,  with  rajiid,  loudly  stertorous  breathing  and  cyanosis,  results  when 
the  administration  is  in  unskilled  hands;  the  apjiaratus  lequires  care  and  should 
be  cleaned  or  sterilized  for  each  administi-ation. 

Plethoric  or  alcoholic  i)atients  are  difhcult  to  control  by  this  method. 

The  advantages  are:  The  great  reduction  in  the  amount  of  ether  necessar}- 
results  in  a  prompt  I'ecovery  with  less  post-an;esthetic  sickness  than  when  other 
methods  are  employed;  the  more  rapid  induction  of  ana-sthesia  than  with 
other  methods;  the  ether  vapor,  inhaled  from  the  bag,  being  warm,  is  less  irri- 
tating to  the  respiratory  mucous  niembi-ane  and  thus  is  le.ss  likelj'  to  be  fol- 
lowed by  bronchitis. 

Rectal Etherizatian. — The  administration  of  ether  by  the  rectum  was  tried  by 
Pirogoff  and  Roux  in  Rus.sia  in  1S47.  In  1884  Molliere  and  Yvensen  in  France, 
Post  and  Gay  of  Boston,  and  Weir  and  Bull  of  New  Yoi-k  reported  series  of 
cases.  Dr.  Dudley  Buxton,  of  London,  has  had  a  considerable  experience  with 
it.  So  far  as  may  be  judged  from  the  writings  of  these  observers,  from  the 
principal  text-books  on  antestLetics,  and  from  the  experiences  and  observation 
of  tlie  present  writers,  the  method  seems  to  be  by  no  means  without  danger. 
Bloody  diarrhoea  with  collapse  and  death  has  been  known  to  follow  its  u.se. 
On  the  other  hand,  Cunningham,  of  Boston,  in  1905,  reported  a  series  of  forty- 
one  cases  without  deaths  or  untoward  .symptoms,  and  he  is  still  using  the  method. 

The  writers  belie\'e,  however,  that  it  entails  distinct  risk,  and  that  it  shoukl 
lie  avoided  except  in  certain  special  cases  in  which  other  methods  fail  to 
produce  an  ana-sthe.sia  under  which  the  operation  can  be  successfully  ])er- 
fornicd.  Such  cases,  for  exanqile,  as  extirpation  of  the  tongue  or  lar3'nx  for 
cancer,  ca.ses  of  empyema  or  of  unresolved  pneumonia  re(iuiring  operation, 
might  warrant  its  use. 

Its  chief  advantage  is  that  it  gives  the  surgeon  an  alj.solutely  free  field  f(jr 
operating  on  the  mouth,  nose,  and  throat. 
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The  rectum  should  he  tlioroughly  clean  ami  empty  at  the  time  of  adminis- 
tration. This  is  acc(imj)lished  as  tlescribed  under  "Preparation"  fp.  173), 
except  that  a  larjie  cleansinj;;  enema  should  be  given  in  the  morning  and  an- 
other onc-luiir  ;in  hour  hcl'ore  oix'ration. 

A  good  apparatus  to  use  for  the  introduction  of  the  ana'sthetic  is  the 
Greene  thermo-ether  inhaler  (Fig.  7o),  a  cautery  iiulh  being  substituted  for  the 
foot  bellows  and  a  rectal  tube  for  the  patent  st(j])-cock.    (  Fig.  77.) 

The  Ixittle  should  lie  a  graduat(Ml  oni'  and  should  contain  about  eight 
ounces  of  pure  ether.  The  tenipt'rature  of  the  water  should  not  exceed  100°  F. 
Air  is  forced  through  the  ether  by  the  cautery  bulb  attached  to  the  afferent 
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tube,  and,  becoming  laden  with  ether  vap(jr,  leaves  the  bottle  by  the  efferent 
tube,  which  terminates  in  an  ordinary  rectal  tube.  Between  the  efferent  tube 
and  the  rectal  tube  is  a  glass  interceptor  which  jirevents  litjuid  ether  from  en- 
tering the  rectum. 

AVith  the  patient  in  the  d(.irsal  jjosture  one  thigh  is  held  sliglitly  elevated 
by  a  sand  bag.  The  rectal  tube  is  then  introducetl  a  tlistancc  of  eight  or  ten 
inches,  and  any  flatus  that  may  be  present  aideil  to  escape.  The  interceptor, 
with  the  rest  of  the  apparatus,  is  attached  to  the  rectal  tube  and  one  or  two  gentle 
pressures  of  the  bulb  are  made.  As  the  rectum  becomes  distended,  the  forefinger 
held  inside  the  sphincter,  along  the  rectal  tulje,  allows  ether  va])or  jjlus  air  to 
escape  from  the  rectmn.  Gentle  pressures  of  the  bulb  should  now  be  made  at 
regular  intervals,  and  as  the  jiatient  becomes  accustomed  to  the  tube  the  finger 
may  be  withdrawn.     As  the  bowel  absorbs  the  vapor  the  i)atient  may  complain 
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of  a  desire  to  defecate  or  of  slight  abdominal  pain.  This  is  due  to  distention 
and  must  be  met  by  reintroilucing  the  finger  to  allow  the  escapk'  of  superflu- 
ous vapor.  In  from  three  to  five  minutes  the  odor  of  ether  may  be  perceived 
in  the  patient's  breath.  In  two  or  tiu'oe  minutes  more  lie  becomes  di'owsy, 
the  eyes  clo,se,  the  breathing  becomes  tranquil,  regular,  and  slightly  stertor- 
ous, and  he  pas.ses  into  complete  anaesthesia,  usually  without  excitement  or 
struggling.  The  time  necessary  to  produce  comjilete  ana'sthesia  varies  from 
six  to  fifteen  minutes  according  to  the  patient,  and  probably  also  according 
to  the  condition  of  the  rectal  nuicous  membrane.  Anaesthesia,  once  estab- 
lisheil,  is  easily  maintained  by  gentle  pressures  of  the  bulb  every  few  minutes 
according  to  the  patient's  manifestations.  After  the  operation  the  rectal  tube  is 
disconnected  but  left  in  situ,  while  gentle  massage  along  the  coiu'se  of  the  colon 
expels  any  remaining  ether  \apor. 

This  method  consumes  very  little  ether,  from  four  to  six  ounces  an  hour 
usually  being  sufficient. 

As  a  rule,  post-ana>sthetic  sickness  does  not  occur,  although  slight  nausea 
and  vomiting  may  follow. 

As  above  stated,  however,  in  certain  cases  the  patients  have  abdominal  pain, 
tenesmus,  bloody  diarrhoea,  and  collajise.  Se^Tral  deaths  have  occurred  follow- 
ing the  use  of  this  method. 

These  intestinal  symptoms  are  best  treated  byenemata  of  starch  and  opium, 
aided  Ijy  opimn  hypndermically  if  necessarj-. 

Emergencies  and  Accidents  Occurring  during  Etherization.— Emergencies 
and  acciilents  occurring  during  etherizalion  have  to  do  usually  with  failure  of 
respiration,  the  heart,  as  a  rule,  continuing  to  beat  after  respiration  has  ceased. 
For  this  reason  ether  accidents  are  not  so  dangerous  as  those  from  chloroform, 
and  patients  can  usually  be  saved. 

The  treatment  of  an  excess  of  mucus  or  of  vomiting  occurring  dvu-ing  ether- 
ization has  already  been  given. 

\'omiting  and  the  subsequent  inhalation  of  soUd  food,  on  the  i>art  of  ana'S- 
thetized  patients,  constitute  an  awkwanl  accident.  In  these  cases,  wliich  occur 
now  and  then,  the  treatment  is  to  ojxm  the  patient's  mouth,  draw  forward  the 
tongue,  try  to  remove  the  obstruction  with  the  finger  or  \\'ith  forceps,  in^•ert 
the  patient,  pound  the  back,  and  finally  perform  rapid  tracheotomy  if  the  first 
measures  fail. 

In  general,  the  treatment  of  all  accidents  occurring  during  anaesthesia  is 
the  same.  It  consists  of  estabUshing  a  free  way  for  the  entrance  of  air  bj-  open- 
ing the  mouth  and  ilrawing  forward  the  tongue,  and  of  re-establishing  respira- 
tion by  Sylvester's  method.  If  the  failure  of  respiration  occurs  during  the 
deeper  degrees  of  ana?.sthesia,  there  is  no  difficulty  in  opening  the  mouth:  liut 
if  it  occurs  in  the  lighter  stages,  the  teeth  may  be  firmly  clenched  and  may 
recjuire  tol)e  prietlopen.     This  should  be  ilone  with  the  wooden  wedge  (1,  Fig. 
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69),  and  a  rubboi- l)iti'-l)lni-k  or-  spring  g^S  sliould  he  inserted  td  hold  open  llic 
mouth  while  tlie  tongue  is  drawn  forward. 

Ahtific.vl  Rkspik.vtiox. — If  the  measure.^  descrilxMl  ahove  do  not  re-estai)- 
lisli  lireathing,  one  should  Ik  gin  artificial  respiration  ( Figs.  7S  and  79).  Willi 
tlie  patient  fully  extemled  on  the  table,  the  head  a  little  to  one  side,  and  the 
neek  .straight,  firndy  i)ress  the  .sides  of  the  thorax  with  the  patient's  arms,  which 
should  be  gra.sped  just  above  the  elbows.     Tliis  unitates  expiration  (Fig.  78), 


I*"iG.   7S. — .\rtificiai  Ki-spiratiuu.       (Expiration.) 


tends  to  remove  part  of  tb.e  anasthetie  fi-om  th.e  lungs,  and  will  often  initiate 
breathing. 

Shifting  the  grip  to  the  wiists,  the  anirsthetist  should  now  .slowly  i-ai.se  the 
patient's  arms  above  the  head  and  should  fully  extend  them  in  this  position 
(Fig.  79),  in  imitation  of  inspiration.  They  are  then  again  lowered  to  the  sides, 
anil  the  thorax  firmly  compressed  as  before.  The.se  mo\'ements  should  be  made 
deliberately,  and  the  rate  should  not  exceed  fifteen  or  sixteen  full  respiratory 
movements  a  minute.  If  necessary,  traction  may  be  made  on  the  tongue  .syn- 
chronously with  the  movements  of  the  chest,  the  tongue  being  ch-awn  slightly 
forward  during  inspiration  and  released  duiing  exj)iration.  Artificial  respira- 
tion should  be  persisted  in  for  at  least  half  an  hour,  as  patients  have  often  been 
saved  after  even  longer  periotls.  It  may  be  supplemented  by  allowing  a  light 
stream  of  oxygen  to  escape  over  the  region  of  the  nose  and  mouth,  by  hokling 
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spirits  of  animonia  (ui  gauze  l)ef(iro  tiie  nostrils,  or  by  dashing  a  few  drop.s  of 
ether  upon  the  bare  chest.  The  proper  jierfornianee  of  artificial  resjuration  is, 
however,  our  principal  resource  in  all  ana'Sthetic  accidents,  and  should  not  bo 
neglected  for  fruitless  hypodermic  stinuilation,  feeling  of  the  pulse,  etc. 

Ciii.oROFoini. 

Chloroform  is  a  heavy,  colorless,  non-inlJammable  liquid,  with  a  sweetish, 
Inirning  taste  and  a  characteristic  odor,  a  l>oiling-])oint  of  Gl°  C,  and  a  specific 
gravity  of  I.4<(1  at  17°  C.     AA'hen  exposed  to  light  and  air,  chloroform  under- 


FiG.  79.-^- Artificial  Respiration.      (Inspiration.) 

goes  ilecomposition  and  is  rendered  unfit  for  use.  It  should,  therefore,  be  pur- 
cha.sed  in  small  dark  bottles  containing  100  grammes  and  kept  tightly  corked 
in  a  cool  dark  place. 

AVhen  used  in  a  room  witli  an  ojjen  flame  the  vapor  undergoes  decompo.si- 
tion  with  liberation  of  hydrochloric  acid  and  fumes  which  are  irritating  to  the 
respiratory  nuicous  membrane.  Before  using,  chlorofoini  may  be  wanned  by 
placing  the  bottle  in  water  at  100°  C.  (212°  F.),  thus  making  it  vaporize  more 
readily.  The  dangers  of  chloroform  are  lessened  by  using  oxygen  (ku-ing  its 
admini.stration. 

Upon  the  respiratory  centre  chloroform  has  fir.st  a  stimulant  and  then  a  de- 
pres.«ant  action.  It  has  a  marked  tendency  to  cau.se  irregularities  of  (he  respi- 
ration, which  react  upon  the  circulation. 
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It  is  a  (lirccl  cardiac  ilc|)i('ssant  and  |)r(Hlucc.s  a  vuso-diiator  action  upon 
the  media  of  llic  hlood-vesselw  and  ii])(]ii  the  iicarl  nuiscle.  It  lowers  blood 
prpssure.  For  liicse  reasons  it  is  a  coniparati\ely  daiigei-ous  ana'sthetic.  Hewitt 
estinuilcs  its  dcatli-rate  as  one  in  thi'ee  tliousand,  making  it  five  times  less  safe 
than  rllier. 

In  I'ji.u-land  and  in  certain  parts  of  the  Western  and  Southern  United  States 
cliloj-oforin  is  in  common  use,  witii  a  coiresponding  number  of  deaths  and  acci- 
dents. In  tlie  hands  of  an  experienced  ana'stlietist,  and  when  used  after  ether 
or  with  oxygen,  it  is  reasonably  safe,  but  in  any  community  in  which  it  is  used 
by  inexperienced  persons  accidents  and  deaths  ai'e  apjiarently  not  infi-e<iuent. 
These  instances  are  not  always  reported  and  ])rol)ably  are  often  not  recognized 
as  due  to  the  anaesthetic. 

Chloroform  is  safer  when  used  to  maintain  an  ansesthesia  begun  with  ether 
or  witli  gas  and  (>tliei-,  tlian  when  used  fi'om  the  beginning:  ether  supporting 
the  heart  and  respiration  against  the  depressing  action  of  ciiloroform.  Statis- 
tics show  that  a  large  percentage  of  deaths  under  chloi-oform  (jccur  during  the 
first  part  of  ana'sthesia,  notal^ly  during  tlie  stage  of  excitement,  when  patients 
in  struggling  may  clench  the  teeth  and  hold  the  breath.  This  imprisons  in  the 
lungs  the  chlorofoi-m  already  administered,  and  if  the  drug  be  not  droijped 
slowly  and  cautiously  the  patient  may  inhale  an  overdo.se  when  breathing  is 
resumed.  Then,  again,  A\ith  inexperienced  givers  the  drug  may  be  thoughtlessly 
pushed  to  overcome  the  struggles  of  the  patient,  or  during  the  excitement  an 
unexpected  amount  may  be  inhaled  Ijy  the  iiatient. 

Chloroform  has  a  slightly  vesicant  action  on  the  epidermis  and  it  is  wise  to 
smear  the  nose,  cheeks,  and  lijis  ^^^th  lanolin  before  beginning  the  adminis- 
tration. 

Post-ansesthetic  sickness  from  chloroform  is  often  entirely  absent,  but 
when  it  does  occur  it  is  much  worse  than  that  iirotluced  by  ether.  Uncontrol- 
lable vomiting  sometimes  results  and  may  be  serious. 

Chloroform  is  irritating  to  the  kidneys,  although  less  so  than  ether. 

It  is  less  irritating  to  the  respiratory  mucous  membranes  than  ether  and  is 
much  more  agreeable  to  inhale. 

The  inlialation  of  ciiloroform  lowers  the  body  temperature. 

Administration  of  Chloroform. — Chloroform  should  be  administered  by  the 
open  method,  drop  by  tlrop,  and  with  a  liberal  supply  of  air.  A  piece  of  folded 
gauze,  the  corner  of  a  towel,  and  (preferably)  a  Skinner's,  an  Esmarch  (Figs.  80 
and  81),  or  a  Schimmelbusch  mask  (Fig.  82),  covered  with  several  layers  of 
gauze  or  a  single  layer  of  Canton  flannel,  are  the  commonest  forms  of  inhalers 
used,  and  with  them  should  be  employed  one  of  the  numerous  forms  of  drop 
bottles,  fitted  with  a  stopper  by  which  the  flow  of  the  drug  can  be  accurately 
controlled. 

For  tracheal  chloroforming,  and  for  the  use  of  chloi-oform  in  operations 
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Fig. 


SO. — Esmarch  Mask.      Open  mctliod 
of  adiuinistering  chiorofonn. 


about  the  no.^e  and  tliroat,  as  well  as  for  ordinary  adniini.sti'ations,  man}'  forms 
of  regulating  chiorofonn  inhalers  have  been  devised.  A  good  one  is  Krohne's 
modification  of  Junker's  inhaler  (Fig.  83). 
^^'itll  this  apparatus,  pressure  upon  a  bulb 
forces  air  b}'  an  efferent  tube  through  chlo- 
roform contained  in  a  graduateil  bottle. 
The  chloroform  vapor  thus  generated  leaves 
the  bottle  by  an  efferent  tube  terminating 
in  a  face-piece  or  a  bent  siher  tube.  At 
the  toj)  of  the  face-piece  is  a  broad  feather 
on  a  tlelicate  hinge.  The  feather,  which 
moves  with  respiration,  forms  an  index  of 
its  rate.  The  bulb  is  divided  into  three 
sections  of  tlifferent  .sizes.  A  full  compres- 
sion of  the  smallest  bull)  delivers  into  the 
face-piece  10  c.c.  of  air  laden  with  chloro- 
form ^•,■^por.■  of  the  middle  bulb,  30  c.c;  of 
the  largest  bulb,  60  c.c.  The  bulb  is  to 
be  compressed  at  the  finish  of  exjjiration 
or  the  beginning  of  inspiration.  The  in- 
ventor claims  that  it  is  impossible  to  give 

an  overdose  by  this  inhaler.  It  is  a  very  useful  and 
practical  ajiparatus  for  chloroforming  children,  and  for 
tracheal  and  hitraoral  chloroforming,  the  bent  silver 
tube  being  used  for  the  latter.  It  consumes  very  little 
of  the  drug  and  regulates  the  dosage  satisfactorily. 

Unfortunately,  the  varying  depth  of  the  respira- 
tions has  so  nmch  to  do  with  tletermining  the  amount 
of  chloroform  vapor  inhaled  that  I'egulating  inhalers 
like  the  above  can  be  only  approximately  accm'ate. 
Besides,  as  most  chloroform  accidents  have  occurred 
during  the  lighter  stages  of  anaesthesia,  the  fact  that 
an  overdose  cannot  be  given  by  a  certain  inhaler  does 
not  make  an  administration  by  that  inhaler  safe. 

In  administering  chloroform  by  the  drop-by-drop 
method,  the  mask  is  held  a  short  distance  from  the 
face,  a  few  ch-ops  are  poured  upon  it,  and  the  patient 
is  encouraged  to  breathe  naturally.  After  the  patient 
has  become  accustomed  to  the  ^•apor  a  steady  and  at 
first  rather  rapid  dropping  is  kept  up.  When  the 
stage  of  excitement  arrives  (in  from  three  to  six  minutes)  the  dropping  should 
be  cautiously  continued,  and  at  any  interruption  of  the  respiration  the  admin- 


FiG.  81. — Esmarch's  Drop 
Bottle.  Open  method  of  ad- 
ministering ehloroform. 
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islriitiiin  sluuild  !);■  tcinpiirjiiilx'  ilisi'Diiliiiucil.  ( )tlicr\vist',  wlicii  hi-eatliing  is 
rcsunieil,  the  ]);itieiit,  with  a  deep  inspii'ation,  may  itiliak-  too  imicli.  Tlie 
static  (if  cxcitcuK'nt  ]iasl,  a  constant  droppinjr  of  the  drug  should  bo  maintained 
in  an  cffoit  to  produce  an  even  anaesthesia.  As  far  as  any  rule  can  be  given, 
a  place  on  the  gauze  ahout  the  .size  of  a  twenty-hve-cent  jiiece  should  he  kept 
constantly  wet  with  chloroform.  Careful  and  unremitting  watcli  should  be 
kept  of  the  respiration,  and  this  should  not  lie  neglectetl  for  the  pulse,  which 
is  largel.y  dejiendent  upon  efficiently  ]ierformed  respiration.  Tiie  pulse  may 
he  counted  liy  the  quarter  or  half  niimite  at  the  tempoi-al,  facial,  or  radial 
artery.     If  there  is  need  of  a  more  careful  counting  of  the  ])ul.se,  an  assistant 


Fig.  82. — Schiramelbusch  Mask  and  Drop  Bottle,  for  Chloroform  Jlixtures. 


should  he  detailed  for  the  jiurijose.  The  jaw  nuist  he  hekl  forwanl  to  keep 
the  air-way  patent,  and  a  ]ilentiful  supjjly  of  air  should  be  given.  If  oxygen 
is  to  be  usetl,  the  rubl^er  tul)e  from  the  oxygen  cylinder  may  be  pinned  or 
stitched  into  a  hole  cut  in  the  top  of  the  mask,  and  a  fine,  constant  stream  of 
oxygen  turned  on. 

The  signs  of  complete  aiicesthesia  under  chloroform  are: 

1.  Breathing  regular,  gently  .stertorous,  and  sliglitly  accelerated; 

2.  Pulse  slow  and  full; 

3.  Pupil  contracted; 

4.  Conjuncti\'al  and  corneal  reflex  absent; 

5.  Complete  muscular  relaxation. 

When  these  signs  are  present,  the  head  should  be  turned  on  the  side  and 
anaesthesia  maintained  as  above  described. 
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As  pointed  out  by  Hewitt,  reflex  tlisturbances  of  the  respiration,  which 
react  danfrerously  upon  the  circulation,  are  more  liable  to  occur  din-ing  a  li<;ht 
chloroforniization  than  during  a  deep  one.  It  is  .safer,  therefore,  to  maintain 
a  rather  deep  ana?sthesia,  while  guaiiling  again.st  the  reflex  disturbances  due 
to  too  little  chloroform,  on  the  one  hand,  and  the  results  (if  an  overdose,  on 
the  other. 

Tlie  tfii/iis  of  too  lij/ld  cui  o)ia:<tlu:-<i<;  under  vhlorojoiiii  are: 

1.  Breathing  becoming  .slower,  less  audible,  ami  shallow: 

2.  Pupils  contracted  or  I'eflexly  dilated  and  mobile: 
.  3.  Conjunctival  and  corneal  reflexes  return; 

4.  Swallowing  reflex  returns: 

5.  Retchingand  vomiting  may  occur,  and  are  often  attended  by  marked  pallor. 


Fig.  S3. — K-ohne's  Regulating  Chloroform  Inlialer. 

The  xiijni<  oj  too  deep  a  elilorofurin  ancesthesia  are: 

1.  Shallow,  gasping  breathing: 

2.  Slow  and  feeble  pulse : 

3.  Suddenly  dilating  pupils; 

4.  Marked  pallor  or  duskiness  and  bad  general  appearance; 
o.  Al:).sence  of  all  eye  reflexes. 

These  may  go  on  to  complete  ces.sation  of  respiration  and  imjiairment  or 
cessation  of  the  heart's  action. 

A  chloroform  accident  is  very  serious,  and  action  must  be  promi)t.  Re- 
move the  inhaler,  open  the  mouth,  and  draw  forward  the  tongue,  and  at  once 
begin  artificial  res]iiration  by  Sylvester's  method.  This  shoukl  l)e  carefully 
and  deliberately  performed  and  should  be  per.sisted  in  without  interruption  for 


202  AMERICAN   PRACTICI']  OF  SURGERY. 

at  least  half  an  liovir.  The  foot  of  the  bed  or  tulilc  may  In;  slightly  raised  to 
allow  the  tilood  to  go  to  the  great  eeutres  in  the  incihilla.  Oxygen  may  be 
given  as  sn])|>lenientary  treatment.  Notliing,  iiowever,  siionld  lie  allowed  to 
interi'U|)t  artilicial  res|)irati(in.  If  thciT  are  signs  of  actix'c  circulation,  one  full 
dose  of  strychnine  may  lie  gi\'en  liypodermieally,  bvit,  as  a  rule,  it  is  well  to 
avoid  the  use  of  stimulants  until  the  circulation  is  well  established. 

It  is  unsafe  to  administer  chloroform  to  patients  in  the  sitting  posture  or 
with  the  lu'ad  too  high,  ami  in  lifting  chloi'dfoi-mccl  patients  cai'e  must  be  taken 
to  keep  the  head  low.  Chloroform  causes  ililatation  of  the  blood-vessels,  and, 
with  the  head  too  high,  lessened  supply  of  blood  to  the  important  centres  in  the 
medulla  and  encephalon  may  cause  syncope. 

Mixtures  of  Chloroform  and  Ether. 

There  are  in  common  u.se  many  mixtures  containing  chloroform,  ether,  and 
other  drugs  in  varying  proportions.  Their  action  is  e.ssentially  that  of  chloro- 
form, the  ether  being  added  to  support  the  respiration  and  circulation  against 
the  tlepressing  effect  of  chloroform.  The  best  of  these  mixtures  are  the  A.  C.  E. 
and  the  C.  E.  mixtures,  both  of  which  are  largely  used  in  England,  and  "An- 
lesthol,"  which  was  introduced  in  ISil'^  by  Dr.  Willy  Meyer,  of  New  York.  The 
ingredients  of  A.  C.  E.  and  C.  E.  should  be  freshl}-  mixed  and  of  the  best  qualitj' 
obtainable. 

The  A.  C.  E.  mixture  consists  of: 


Alcohol 1  part    ) 

2  parts  r 
Ether 3  parts  ) 


Chlorofonn 2  parts  J-  Ijy  volume 


The  C.  E.  mixture  contains: 

Chloroform 2  parts  /  ,  , 

_^,  „        ^    ^  by  volume 

Ether 3  parts  )     ■' 

"  Ansesthol  combines  in  a  stable  chemical  union  17  per  cent  of  ethyl  chloride, 
35.89  per  cent  of  chloroform,  and  47.10  per  cent  of  ether,  and  possesses  the  distin- 
guishing advantage  of  volatilizing  at  a  temperature  slightly  above  that  of  the 
body,  so  that  its  elimination  is  projierly  regulated  lay  the  lungs  without  imposing 
any  strain  on  other  parenchymatous  organs,  and  accumulation  or  retention  involv- 
ing risk  to  the  patient  is  excluded.  It  represents  a  clear,  transparent  fluid  of 
agreeable  odor,  with  a  specific  gravity  very  close  to  that  of  the  blood  and  a  B.  P. 
of  104°  F.  (40° C.)."  * 

Safety  of  Mixtures. — Mixtures  of  chloroform  and  ether  are  safer  than  pure 

chloroform  by  as  much  as  they  contain  more  ether  than  chloroform.     It  has 

been  argued,  as  against  their  safety,  that  the  chloroform  in  a  mixture  is  the 

last  ingredient  to  evaporate  and  that  patients  are  breathing  pure  chloroform 

*  Quoted  from  chcular  accompanying  the  bottles. 
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during  a  large  part  of  the  administration.  Practically,  this  is  not  true,  espe- 
cialh'  in  a  mixture  with  a  definite  boiling-point  and  when  administered  drop 
b}'  drop.  No  statistics  have  been  preiiared  in  regard  to  mixtures,  but  they 
are  undoubtedly  safer  than  chloroform,  although  not  so  safe  as  ether. 

Action  and  Mode  of  Administration  of  Mixtures.— On  the  respiration  tlie 
action  is  essentiall}'  that  oi  cliioroforni,  with  less  Habilit}-  to  respiratory  de- 
pression and  irregularity.  On  tlie  circulation  the  effect  is  like  that  of  chloro- 
form except  that  the  pulse  is  not  ciuite  so  slow  and  is  of  better  cjuality.  Post- 
ansesthetic  sickness  is  generally  ^'ery  slight.  It  may,  however,  be  severe  like 
that  following  chloroform. 

Mixtures  .should  be  adniinistereil  by  the  open  metluxl,  droj)  by  drop,  with 
a  free  air  suj^ply:  although  larger  quantities  and  slightly  more  air-limitation 
will  be  found  necessary  than  with  cliloi-oform.  The  Ijcst  apparatus  is  a  Schim- 
melbusch  mask  (Fig.  82),  covered  with  .six  or  eight  thicknesses  of  gauze  and  a 
piece  of  rul)ber  dam  ha\ing  a  hole  in  the  middle  about  one-half  inch  in  fliame- 
ter  through  which  the  mixture  is  drojjped  u|3on  the  gauze. 

The  same  general  rules  govern  the  administration  of  a  mixture  as  of  chloro- 
form, and  the  depth  of  anaesthesia  is  estimated  by  the  same  signs  and  s\nnp- 
toms.  The  essential  differences  are  that  the  facial  color  and  general  a]> 
pearance  are  apt  to  be  better  untler  a  mixtuic  than  under  chloroform;  the 
respiration  is  rather  deeper  and  the  pulse  fuller  and  not  so  slow. 

Mixtures  produce  better  results  when  used  in  connection  with  mori)liint' 
and  atropine.  They  are  very  aseful  for  alcoholics,  athletes,  and  difficult  sub- 
jects generally:  also  for  cases  of  cardiac,  pulmonary,  or  renal  disease  recjuiring 
the  use  of  an  ana'sthetic.  Being  not  disagreeable  to  inhale  they  are  u.seful  for 
inducing  ansesthesia  preliminary  to  the  employment  of  ether;  and,  being  com- 
paratively free  from  after-effects,  they  may  be  u.sed  alone  in  cases  \\hich  have 
suffered  .'^evere  post-anaesthetic  sickness  from  chloroform  or  ether. 

Accidents,  if  they  occur,  are  apt  to  be  circulatory  in  character,  like  those 
from  chloroform,  although  the  circulation  is  better  maintained  than  in  a  chloro- 
form accident,  Tiie  treatment  of  accidents  is  the  same  as  when  chloroform 
has  been  used. 

Ethyl  Chloride. 

Ethyl  chloride  is  a  colorless,  \-ery  volatile,  inflammable  liquid,  with  a  spe- 
cific gravity  of  .9214  at  0°  C,  which  at  8°  C.  rises  to  .9176  (showing  a  striking 
increase  in  volume  with  increa.se  of  temperature).  It  has  a  low  boiling-point 
(12.5°  C.)  and  an  odor,  when  the  drug  is  pure,  which  is  agreeable  and  ethereal, 
but  which  in  most  kinds  of  ethyl  chloride  is  rather  garUcky.  If  the  drug  is 
pure,  the  odor  should  be  ethereal  and  the  reaction  to  litmus  paper  should  not 
be  acid.  It  is  decomposed  by  the  action  of  light  and  air,  and  should  be  kept 
tightly  corketl  in  a  cool,  dark  place. 
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For  use  as  an  aiupsthetic  the  )iurcst  drug  obtainat)lc  slioulil  ho  oniploycd. 
It  is  sold  by  dealers,  uuder  Aarious  ])ropnetary  nauies,  either  in  graduated 
glass  vials  eontaiuing  50  c.i'.,  with  patent  stop-cocks  which  allow  the  escape 
of  the  drug  in  a.  Hue  stream,  or  in  lieinielically  closed  glass  jiearls  coutainiug 
'S  e.c,  enough  lor  .an  ordiuaiy  aihuinistration. 

Safety  oj  Elln/I  Cliloridv.—hx  tiie  matter  of  safely  ethyl  chloride  is  unich  in- 
ferior to  nitrous  oxide  and  not  so  safe  as  ether.  It  is  safer  than  cidoroform 
and  than  somnoforme.  Ethyl  chloride  hears  veiy  much  the  same  relation  to 
nitrous  oxide  that  chloi'oform  does  to  ether. 

Ware,  of  New  York,  in  a  series  of  12,436  cases,  including  1,000  of  his  own, 
reports  one  death.  McCardie  e.-^timates  the  death-rate  of  ethyl  chloride  as  one 
in  3,000  when  the  close  method  is  used,  and  Lotheisen  and  Seitz  as  one  in  10,000 
with  the  semi-open  method.  This  would  seem  to  suggest  the  latter  method  as 
the  safer.  Practically,  however,  this  is  not  tiue,  owing  to  the  imperfect  anaes- 
thesia, with  excitement  and  struggling,  that  results  from  the  scmi-0])en  method. 
While  ethyl  cliloride  has  not  stood  the  long  test  that  nitrous  oxide  has,  it  may 
be  said  to  be  a  reasonably  safe  aiuesthetic  for  sliort  operations  or  for  use  before 
the  administration  of  ether.  It  is  inferior  to  nitrous  oxide  from  every  ])oint 
of  view  except  that  it  does  not  produce  cyanosis.  ( )wing  to  its  pungent  and 
often  garlicky  odor  it  is  not  so  agreeable  to  inhale  as  nitrous  oxide,  and  jja- 
tients  who  have  taken  both  usually  prefer  the  latter.  It  is,  however,  nuich 
more  portalile  than  gas,  while  the  expen.se  of  the  two  agents  is  on  the  whole 
about  the  sam(>. 

Being  exceedingly  volatile  and  having  a  low  boiling-point,  ethyl  chloride  is 
very  rapidly  absorbed  and  equally  rapidly  eliminated.  Anaesthesia,  therefore, 
results  very  rapidly,  and  recovery  is  rai:)id,  though  less  so  than  with  nitrous  oxitle. 

It  stimulates  respiration,  increasing  its  rate  and  depth. 

Its  effect  U130I1  blood  pressure  is  disputed.  Seitz,  of  Con.stanz,  claims  that 
arterial  tension  is  raised  and  cardiac  action  stinmlated.  It  produces,  however, 
dilatation  of  the  peripheral  arterioles,  thus  lowering  blood  pressure,  although 
stimulating  the  heart.  The  respiratory  centre  seems  to  be  affected  l^efore  the 
cardiac,  and  therefore,  in  an  accident,  the  heart  would  probably  continue  to 
act  after  ce.s.sation  of  respiration,  thus  making  it  po.s.sible  to  .save  the  patient 
by  artificial  respiration. 

Although  recovery  is  rapid,  it  is  by  no  means  free  from  after-effects.  Head- 
ache, nausea,  vomiting,  and  dizziness  are  common,  and  in  this  respect  the  drug 
is  much  inferior  to  gas.  The  headache  and  nausea  are  sometimes  ]3ersistent 
and  severe,  the  writers  having  noted  several  such  cases  and  McCardie  report- 
ing four. 

Uses  of  Ethyl  Chloride. — The  principal  uses  of  ethyl  chloride  are,  in  denti.s- 
try,  for  tooth  extraction ;  in  minor  surgery,  for  painful  dressings,  for  reducing 
dislocations,  for  operations  not  requiring  mu.scular  relaxation  and  not  la.sting 
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Fig.  84.— Ware's  Ethyl-Chloride  InhaliT. 


for  more  than  five  iniiiute.s;  in  major  .surgery,  for  precetling  tlie  aclmiais- 
tratiou  of  ether. 

Owing  to  its  extreme  volatility,  ethyl  cliloride  mvist  he  adiuini.stereil  with 
alnio.st  complete  exclu.sjdn  of  air,  in 
order  to  produce  satisfactory  ivsults.  .\ 
good  apparatus  is  an  Oi'inshy's  or  Heii- 
iiett's  inhaler  fitted  with  a  small  tiihe 
through  which  the  drug  may  be  sprayed 
into  the  rubber  bag.  Special  inhalers 
have  been  devised  for  ethyl  chloride 
and  are  jiossibly  more  con\'enient.  Of 
these.  Ware's  (New  York)  inhaler  is 
simple,  clean,  and  effective  (Fig.  84).  It 
consists  of  a  pliable  rubber  face-]iiece  into 
the  top  of  which  fits  a  brass  chimney, 
a  diaphragm  of  fine-meshed  gauze  be- 
ing placed  between  the  two.  Through 
the  top  of  the  chimney  the  drug  is 
sprayed  upon  the  gauze.  The  Bengue 
or  "Narcotile"  inhaler  (Fig.  So)  is  more 

elaborate  and  more  effective,  being  fitted  with  inspiratory  and  expiratory 
valves,  and  an  inflatable  rubber  face-piece  to  i)rovide  for  more  complete  air 
exclusion. 

Tlie  inhaler  sold  by  the  [H'oprietors  of  somnoformc  (Fig.  86)  is  an  excellent 
one  also  for  ethyl  cliloride  and  is  well  adapted  for  use  of  the  ethyl-chloride 
pearls  or  capsules. 

If  a  close  inhaler  is  used,  the  patient  should  be  made  to  breathe  I'rcel}' and 
regularly,  and  the  bag  should  be  inflated  by  applying  the  face-piece  during  sev- 
eral expirations.  AMien  the  bag  is  seen  to  l)e  mo\'ing  with  respiration,  from  3 
to  5  CO.  of  ethyl  chloride  (10  c.c.  in  difficult  subjects)  is  sprayed  into  the  bag 
and  the  face-piece  is  closely  aiiplied.  In  from  twenty-five  seconds  to  one  min- 
ute and  a  half,  depending  upon  the  patient  and  upon  the  amount  of  air  exclu- 
sion, signs  of  aiuesthesia  will  appear.  The  .signs  of  complete  anesthesia  under 
ethyl  chloride  are : 

1.  Respiration  i-apid,  i-egular,  and  slightly  stertorous: 

2.  Pupils  dilated: 

3.  Eyeballs  fi.xed  and  conjunctival  reflex  al)sent; 

4.  More  or  less  muscular  relaxation. 

There  is  no  cyano.sis,  although  the  facial  color  is  heightened  antl  a  flush  may 
appear  on  the  neck  and  chest  due  to  dilatation  of  the  peripheral  arterioles. 

Difficult  subjects  may  require  an  additional  10  c.c.  before  anaesthesia 
results. 
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The  inhaler  .slioiilil  now  he  witluh'iuvn  and  the  operation  begun,  or  ether 
substituted,  according  to  the  pinpose  of  the  administrator. 

An  anspsthesia  available  for  ordinary  .'iurgieal  j)urposes  will  conlinue  for 
from  one  to  three  niinntes  aftei'  the  withdrawal  of  the  (h'lig.  This  is  a  longer 
available  ana'sthesia  than  results  from  gas,  and  this  constitutes  a  consider- 
able advantage  for  ethyl  chloride. 

Muscular  relaxation  is  us\i:dly  iiiipei'fect,  bnt  will  he  more  apt  to  result  if 
morphine  and  ati'opine  or  hyoscine  be  gi\cn  liypodei'mically  half  an  houi'  before 
the  administration.     There  is  a  striking  absence  of  cyanosis,  but  often  there  is 
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Fig.  S5. — Bengu6  Inlialer,  for  Etlu'l  Chloride. 

considerable  slowing  of  the  pulse-rate  and  diminution  of  vohnne,  which  seem 
to  indicate  diminisheil  cardiac  action  and  blood  pressure. 

Ethyl  chloride  is  unsuited  for  long  operations,  o\\-ing  to  the  rapid  and  tur- 
bulent breathing  which  results  when  the  necessary  amount  of  air  is  admitted. 

The  signs  of  an  overdose  are: 

1.  Gasping  lireathing  that  continues  as  long  as  the  drug  is  given  in  excess; 

2.  Bad  general  apjiearance,  with  pallor; 

3.  Widely  dilated  and  non-reacting  pupil. 

Accidents  are  usually  respiratory,  like  those  of  ethei-,  but  they  may  be  ac- 
companied by  considerable  impairment  of  the  circulation.  The  treatment — 
artificial  respiration,  with  plenty  of  air  or  oxygen — should  l:)e  applied  promptly 
and  efficiently. 
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So.MxuFoinii:. 

Somnofornie  is  a  proprietary  pi'eparation  which  lias  lately  come  into  prom- 
inence as  a  general  anu'Sthetic.  It  was  introduced  by  Dr.  George  Rolland,  of 
Bordeaux,  in  France,  and  since  its  introductiun  it  lias  Ijeen  used  considerably 
in  this  country  and  abroad.  It  is  used  chieHy  for  dentistry,  but  is  gooil  also 
in  minor  surgery  and  to  precede  ether. 

Physiolugical  Effects. — Somnofornie  slightly  increases  the  rate  and  depth 
of  the  respiration.  The  pulse  is  at  first  accelerated,  but  in  many  cases  it  be- 
comes slowed,  presimmbly  owing  to  the  ethyl  bromide  which  it  contains. 

As  it  has  been  in  use  for  only  a  .short  time,  statistics  in  regard  to  its  safety 
have  little  weight.     In  the  panii)hlet  issued  by  the  pi'oprietors,  for  the  purpose 


Fig.  S6. — Somiioforme  Inhaler  and  Capsule. 

of  advertising  .somnofornie,  it  is  stated  that  in  the  cases  superintended  by  Dr. 
Rolland  "he  has  never  seen  the  slighte.st  alarming  sj'inptoms  during  the  many 
thousands  of  cases  which  he  has  personally  observed  and  controlled."  On  the 
other  hand.  Dr.  Hewitt,  writing  in  1904,  says:  " The  so-called  somnofornie  does  not 
produce  such  good  results  as  pure  ethyl  chloride  and  is  tlistinctly  more  dangerous. 
Three  deaths  have  akeady  taken  place  in  Great  Britain  from  somnofornie."* 

Somnofornie  is  sold  in  graduated  glass  bottles  with  jiatent  stoppers  through 
which  the  drug  is  liberated  in  a  fine  stream;  it  is  also  sold  in  small  glass  pearls  or 
capsules  of  two  sizes  (3  c.c.  and  5  c.c.)  that  contain  enough  for  one  administration. 

Sfminoforme  can  be  satisfactorily  admini.stered  with  a  Bennett,  Clover,  or 
Ormsby's  ether  inhaler,  so  modified  that  the  drug  may  be  sprayed  upon  gauze 
near  the  mouth  of  the  rubber  bag  of  the  inhaler.  The  proprietors  sell  a  spe- 
cial inhaler  for  the  use  of  somnofornie,  which  has  the  advantage  that  the  cap- 

*  Lancet,  1904:   II    1486 
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sales  coutaininK  the  druf^  can  Ijc  brokcu  into  the  iulialcr  willuiut  danger  of 
the  glass  being  inhaled. 

Tiiis  inlialei'  (Fig.  Nd),  called  "dcTrey's  soinnol'Di-ine  iiihalei-,"  eonsists 
hrietly  of  a  faee-pieee  with  inflatable  rubber  rim;  a  patent  stop-cock  provided 
with  a  hole  through  which  the  drug  may  be  sjjrayed  u])(>n  lint  or  gauze;  and 
an  inflatable  rubber  liag.  It  is,  in  effect,  a  close  hihaler,  and  may  be  u.sed 
equally  well  fur  sdinnoforme  or  for  ethyl  chliiriile. 

In  an  administration  of  somnofornie,  from  A  to  5  c.c.  is  sprayed  upon  the 
lint  through  the  hole  in  the  stop-cock.  The  patient  is  instructed  to  lireathe 
freely,  and  while  he  is  breathing  in  this  manner  the  face-piece  is  applied,  dur- 
ing an  expiratiiJH,  and  at  the  same  time  the  I'ulilter  bag  is  allowed  to  Ijecoine 
filled  with  somnoforme  vapor.  In  the  next  following  insi)iration,  therefore, 
the  patient  will  inhale  jiure  .somnoforme  vaj)or. 

Ansesthesia  is  produced  in  a  .strikingly  rapid  manner  by  sonuiofornie.  Dan- 
iels, in  an  analysis  of  100  adniinistT-ations,  gives  the  induction  period  as  from 
25  to  100  seconds.  The  proprietors  claim  an  average  of  .30  seconds.  It  may 
be  said  to  vary  from  30  to  120  seconds,  according  to  the  i)atient  and  the  amovmt 
of  air-limitation  practised. 

The  .^{gns  of  complete  anrvslhesia  under  .somnoforme  are: 

1.  Accelerated  and  slightly  .stertorous  respiration; 

2.  Dilated  pupil; 

3.  Loss  of  conjunctival  reflex; 

4.  More  or  less  muscular  relaxation. 
Somnoforme  does  not  produce  cyanosis. 

The  inhaler  may  now  lie  removed  and  the  operation  begun,  or  ether  may 
be  substituted,  according  to  the  pui'po.se  with  which  the  ana-sthetic  is  gi\-en. 

The  available  antcsthesia  that  results  often  continues  for  a  remarkably 
long  time.  Daniels  found  the  period  to  vary  froin  10  to  180  seconds,  with  an 
average  of  64  seconds.     The  proprietors  claim  an  average  of  76  seconds. 

Post-ancrgihetic  Effects. — Nausea  and  vomiting  are  not  common  (one  per 
cent),  but  pensistent  headache  and  giddiness  freciuently  result,  and  the  recovery 
from  somnoforme  is  not  so  prompt  and  normal  as  is  that  from  nitrous  oxide. 


IV.  THE  AD:\riNISTRATION   OF   ANAESTHETICS    IN  SEQUENCE. 

To  meet  various  indications  that  occur  in  jiractice,  ana'sthetics  are  often 
administered  in  sequence,  that  is,  one  after  another,  in  the  same  case.  Ether, 
for  example,  is  disagreeable  to  inhale,  causing  coughing,  salivation,  the  secre- 
tion of  mucus,  excitement,  and  struggling,  and  requires  considerable  time  for 
protlucing  complete  ana'.sthesia.  Therefore,  other  anesthetics  are  u.sed  to  pre- 
cede ether  ami  do  awa}'  with  these  disadvantages. 
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Certain  cases  of  lieart  ami  lung  disease  requiring  ana'sthetics  should  he  anaes- 
thetized with  the  least  possible  strain  on  the  resiiiration  and  eireulation,  and 
may  re(juii'('  cliloroforni  or  a  mixture  liefore  ether  is  adininistere(l.  Thus,  we 
speak  of  various  sequences  as  the 

Nitrous  oxide-ether  sequence: 

Ethyl  chloride-ether  sequence; 

Somnof onne-ether  sequence ; 

A.  C.  E.-ether  sequence; 

Chloroform-ether  seciuence ; 

Nitrous  oxide-ether-chloroform  sequence; 

A.  C.  E.-ether-A.  C.  E.  sequence. 
Chloroform  antl  its  mixtures  cannot  be  usetl  in  secjuence  to  nitrous  oxide, 
ethyl  chloride,  or  .sonuioforme,  on  account  of  the  circulatory  depression  that 
would  result  from  a  rapid  administration  of  the  large  amount  of  chloroform 
necessary  to  control  the  patient. 

The  nitrous  oxide-ether  sequence  wn^^  introtluceil  by  Clover,  of  London,  in  1S76. 
It  is  a  very  safe  method,  and  in  healthy  patients  safer  than  the  use  of  ether 
alone.  The  advantages  of  the  method  are:  It  is  safe;  it  spares  the  patient  the 
disagreeable  sensations  of  inhaling  ether;  it  requires  a  very  short  time,  i.e., 
from  one  to  four  minutes,  for  the  production  of  complete  anaesthesia;  finally, 
it  les.sens  the  amount  of  ether  used  and  diminishes  post-ansesthetic  sickness. 

There  are  two  methods  of  using  the  nitrous  oxide-ether  secjuence,  viz.,  the 
open  method  and  the  close  method. 

In  the  open  method  a  full  dose  of  nitrous  oxide  from  any  gas  inhaler  is 
given,  and  then  a  semi-open  inhaler  charged  with  ether  is  applied.  This 
method  is  useful  for  alcoholics,  athletes,  or  difficult  subjects,  as  they  can  be  put 
deeply  under  gas  before  ether  is  used.  As  soon  as  ra])id  and  .stertorous  breath- 
ing, with  cyanosis  and  jactitation,  occurs  under  gas,  the  change  to  ether  shoukl 
be  matle,  the  ether  inhaler  being  kept  closely  applied  until  complete  ether 
anaesthesia  results. 

In  the  second  or  close  method,  a  combined  gas  and  ether  inhaler  (such  as 
the  Clover,  Hewitt,  or  Bennett)  is  used.  The  administration  by  the  Bermett 
inhaler  is  given  in  the  words  of  the  circular  that  accompanies  each  inhaler: 

Gas  and  Ether. — The  ether  hihaler  (Fig.  S7)  is  charged  witli  ether  and  arranged 
as  described  on  page  192,  the  bag  being  omitted.  The  gas  inhaler  is  arranged  as  de- 
scribed on  the  same  page,  the  bag  being  completely  filled  with  gas  and  disconnected 
from  the  tube  at  the  sto]>cock  F,  which  is  to  be  clo.sed.  The  gas  inhaler  is  now  con- 
nected with  the  chimney  of  the  ether  inhaler.  The  face-piece  being  perfectly  ap- 
plied, the  tap  E  is  closed  and  gas  is  breathed  through  valves.  When  the  gas  bag  has 
been  two-thirds  or  thi'ee-fourths  emptied,  the  aperture  D  is  closed  by  turning  the 
thumb-sci-ew  of  the  gas  inhaler.  Cias  is  now  breathed  back  and  forth.  The  patient 
is  at  this  time  unconscious,  or  nearly  so,  and  ether  is  to  be  turned  on  as  described 
on  page  193,  though  somewhat  faster.  In  about  one  minute  signs  of  complete  gas 
vor..  n-. — 14 
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Fig.  S7 


-Apparatus  for  the  Administration  of 
Gas  and  Etlier. 


anaesthesia  will  appear  if  the  face-jjiece  ha.s  been  well  applioil  (cyanosis,  jerky, 
snoring  respiration,  twitching  movements  in  the  extremities)  and  are  to  be  met 
by  opening  the  tap  E  for  two  or  three  respirations.  The  tap  is  again  closed,  and  the 
inhalation  of  gas  plus  ether  is  continued,  an  occasional  breath  or  two  of  air  being 
allow('(l.     ]n  Ihis  way  the  gas  anaesthesia  subsides,  while  the  ether  narcosis  becomes 

complete.  After  about  one  minute 
and  a  half  the  gas  may  be  discon- 
tinued, the  gas  inhaler  and  bag  should 
be  removed,  and  the  ether  bag  substi- 
tuted. The  administration  now  pro- 
ceeds as  described  on  page  192. 

In  most  cases  one  bag  full  of 
gas  (two  gallons)  is  sufficient,  but 
in  difficult  subjects  the  bag  may  be 
left  connected  with  the  cylinder  and 
a  constant  flow  of  gas  continued 
until  distinct  signs  of  gas  anjes- 
thesia  appear. 

In  the  ethyl  chloride-elher  se- 
quence from  3  to  5  c.c.  of  the  ch'ug 
is  sprayed  into  a  Wai-e's,  Bengue,  or  somnoforme  inhalei-  and  administered 
until  the  patient  is  unconscious,  as  shown  by  rapid,  stertorous  breathing  and 
dilated  pupil.  A  change  is  then  made  to  ether,  which  should  be  given  on  a 
semi-open  or  close  inhaler  and  pushed  to  complete  anaesthesia.  Anaesthesia 
usually  results  ^■cry  rapidly,  patients  being  made  ready  for  operation  in  from 
two  to  fi\e  minutes. 

The  somnoforme-ether  sequence  is  administered  in  the  .same  manner  as  the 
ethyl-chloride  sequence,  a  sonmoforme  inhaler  being  used  for  the  purpose. 

By  fitting  the  Bennett  ether  inhaler  with  a  small  tube  at  the  neck  of  the 
ether  bag,  to  which  the  \ial  containing  ethyl  chloride  or  somnoforme  may  be 
connected  and  spi'ayed  into  the  bag,  we  have  a  verj'  suitable  ap])aratus  for 
either  of  these  sequences.  ^Vllen  signs  of  anaesthesia  occur,  the  administration 
of  ethyl  chloride  or  somnoforme  is  discontinued  and  ether  is  turned  on  from 
the  previously  charged  ether  chamber. 

The  A.  C.  E.  or  the  Ana\sthol  or  the  chloroform- ether  sequence  is  useful  in 
difficult  subjects,  such  as  athletes,  alcoholics,  and  obeisc  patients,  and  in  many 
cases  of  disease  of  the  respiratory  and  circulatory  systems  in  which  it  is  im- 
portant to  avoid  undue  stinndation  of  the  respiration  or  circulation.  The 
chloroform  seems  to  [iroduce  exactly  the  form  of  ana?sthesia  whicli  is  neces- 
sary for  controlling  these  jiatients,  while  the  ether  counteracts  any  depression 
of  respiration  or  circulation. 

The  mixture  or  chloroform  is  given  l;)y  the  constant-drop  method  on  an 
Esmarch  or  Schiramelbusch  mask.     The  administi'ation  should  be  rather  rapid 
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at  first  viiilil  tlic  n>si)irati<iii  hecomcs  iTgular  ami  faintly  stertorous,  or  until 
signs  of  excitement  or  jigidity  l)egin — a  ehange  which  usuall}-  takes  jjlace  in 
from  three  to  five  minutes.  Ether  on  an  open  oi-  a  semi-open  inhaler  is  then 
substituted,  care  being  taken  to  avoid  the  reflex  holding  of  the  breath  which 
follows  when  too  concentrated  an  ether  vapor  is  given. 

Comjiletc  ana'.sthesia  usually  I'csults  in  from  four  to  six  minutes,  and,  as  a 
rule,  there  is  no  coughing,  no  excess  of  mucus  or  saliva,  nor  any  struggling.  At 
the  beginning  of  the  administration  the  same  precautions  as  to  respiration  and 
pulse  are  necessary  as  in  the  administration  of  chloroform. 

Post-ansesthetic  sickness  is  less  common  than  when  chlonjform  or  ether 
alone  is  used. 

In  the  nitrous  oxide-ether-chloi'oform  se(iuence  the  i)rocedure  is  the  same 
as  in  the  nitrous  oxide-ether  secjuence.  After  the  reijuired  do.se  of  ether  has. 
been  given,  three  or  four  in.spirations  of  fresh  air  are  allowed,  and  then  chloro- 
form is  administered  on  an  I-C.sniarch  or  Schimnu'll)usch  mask,  gradually  at 
first  and  then  moie  rapidly,  and  continued  as  in  a  simple  chloroform  adminis- 
tration. The  ether  stinudates  the  circulation  and  respiration  and  makes  the. 
subsequent  use  of  chloroform  safer. 


\'.   CHOICE  OF  AN.ESTII1:TIC  A(;ENTS  AM)  .METHODS. 

Obviously,  in  selecting  an  anu'sthetic,  the  first  consideration  should  be  the 
question  of  its  safety.  Yet,  because  one  agent  is  statistically  safer  than  an- 
other, it  does  not  follow  that  it  is  safer  in  every  case. 

To  obtain  the  best  results  the  anaesthetist  should  personally  examine  and 
direct  the  prcjiaration  of  his  patient,  carefull}-  studying  the  case  as  to  age, 
phy.sical  and  mental  characteristics,  history  of  jirevious  anaesthesias,  general 
condition,  etc.,  before  deciding  upon  the  agent  and  method  to  be  used.  The 
operation  should  also  be  ccn.sidercd  as  to  the  anatomical  field,  the  posture 
which  will  be  required,  and  the  probable  duration  and  depth  of  anaesthesia 
that  will  Ik'  necessary.  With  diseased  jiatients  who  require  anaesthetics,  great 
care  in  the  ])n'paration  of  the  patient  and  the  proix'i-  selection  of  the  anaes- 
thetic is  necessary. 

It  should  be  remembered  that  the  aniesthetic  state  is  always  unsafe,  and 
especially  so  in  the  critical  cases  about  to  be  described.  Therefore  every 
minute  less  of  anaesthesia  is  in  the  jjatient's  favor,  and  the  administration 
shoulil  never  be  commenced  until  the  surgeon  is  ready  to  liegin  operating. 
Even  in  normal  subjects  it  is  entirely  unwarrantable  that  patients  be  anaesthe- 
tized several  minutes  before  the  operation  is  begun,  ana  in  diseased  patients  it 
is  hazardous. 
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An/ESTHktization  ok  Infants  and  CiiiLDitKN. 

Nitrons  ox'uh-  slioiild  nni  lie  used  in  infants.  It  pi'dduccs  a.spliyxial  s>Tnp- 
tf.'ii>-'  Vf'iy  rapidly,  and  in\iiluntarv  niicUnition  is  aiJt  to  occur.  It  is  also  un- 
nccessaiy,  as  lulants  and  very  young  ciiiidren  often  have  no  remembrance  of 
inhaling  ana'sthetics.  Chloroform  is  no  safer  in  infants  and  children  than  in 
adults,  except  that  resviscitating  measures  aic  more  easily  performed  in  the 
foi-mer.  .Mixtures  given  hy  the  ojien  method,  droj)  by  drop,  work  well  and 
produce  less  irritation  of  the  respiratory  passage.s  than  ether. 

Infants  and  cliihh'en  can  l)e  easily  chloroformed  while  asleep,  if  sufficient 
care  be  used,  and  then  a  change  made  to  ether.  Ether  by  the  open  method  is 
the  safest  routine  method  for  anaesthetizing  infants.  There  are  some,  how- 
ever, who  consider  chloroform  safer  in  youth  than  in  adult  life,  becaase  of  the 
acquired  tissue  changes,  in  the  latter  period,  which  contribute  to  conditions 
believed  by  many  to  contra-indicate  the  use  of  chloroform. 

In  the  older  children  nitrous  oxide  may  be  used,  although  when  under  five 
or  six  j'ears  old  they  may  have  screaming,  cyanosis,  involuntary  micturition, 
jactitation,  and  sometimes  even  opisthotonos.  .Just  enough  nitrous  oxide  to 
produce  loss  of  consciousness  .should  be  given,  with  a  view  to  avoiding  these 
symptoms.  The  apparatus  often  frightens  them  and  they  may  have  to  be 
firmly  held  in  order  to  allow  a  proper  approximation  of  the  face-piece. 

Ethyl  chloride  works  well  and  is  safe  in  children.  If  they  can  be  pursuaded 
to  inhale  two  or  three  breaths,  anaesthesia  will  icsult  rapidly,  usually  without 
struggling  or  cyanosis. 

Children  who  are  obstinate  or  terrified  should  always  be  firmly  restrained 
and  consciousness  overcome  as  rajjidly  as  possiljle  by  nitrous  oxiile  or  ether. 
Antesthetic  mixtures  and  chloroform  should  not  be  used  upon  crying  and  strug- 
gling children,  as  it  is  difficult  to  gauge  the  amount  that  is  being  inhaled,  and 
consequently  overdosing  may  result. 

A  good  way  to  induce  anaesthesia  in  timid  children  is  by  means  of  a  few 
drops  of  A.  C.  E.  on  a  handkerchief  or  mask,  ether  being  then  used  to  deepen 
and  maintain  the  an;esthe.sia. 

Chloroform  may  well  be  avoided  in  children  unless  necessary,  on  account 
of  frequent  bronchial  irritation,  etc. 

In  general,  the  best  and  safest  method  for  children  is  to  give  ether  by  the 
open  or  semi-open  method,  preceded  in  younger  children  by  an  anaesthetic 
mixture  and  in  older  ones  by  nitrous  oxide. 

Morphine  and  atropine  may  be  cautiously  used  in  older  cliildren,  i.e.,  chil- 
dren over  ten  or  tweh'e  years,  and  then  in  very  small  doses,  ^V  to  t^  of  a  grain 
of  morphine  with  -g^-^  of  atropine  being  enough.  Atropine  given  by  the 
mouth  twenty  minutes  before  administering  the  anaesthetic  will  prevent  the 
excessive  secretion  of  mucus  and  saliva  so  common  in  children. 
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An.csthetizatiox  of  Aged  Patients. 

Patient.s  over  sixty  j-cans  of  age  are  apt  to  haw  respiratory  troubles  such 
as  a.sthma,  chronic  bronchitis,  etc.,  or  senile  changes  in  tiie  circulatory  system, 
as  arteriosclerosis,  etc.  It  is  desirable,  tJierefore,  to  .select  ana>sthetics  that 
will  cause  tranquil  respiration  and  not  overtax  the  circulation.  This  cannot 
well  be  done  with  gas  or  ether  when  used  from  the  beginning.  Chloroform 
usually  acts  w.'Il  in  the  aged  and  is  safer  than  in  youth  or  middle  age,  because 
respiratory  embarrassment  is  less  ajit  to  occur,  although  the  behavior  of  the 
circulation,  and  especially  that  of  the  heart,  should  be  carefully  watched  for 
signs  of  ovenlose.  Oxygen  adds  materially  to  the  safety.  An;i'.sthetic  mixt- 
ures also  act  well  and  protluce  a  slightly  more  vigorous  respiration  and  cir- 
culation, which  may  be  desirable  in  some  cases.  Speaking  generally,  the 
chloroform  element  is  more  desirable  in  the  aged  than  the  ether,  although 
the  latter  is  by  no  means  contra-indicated.  The  chloroform-ether  sequence  or 
the  A.  C.  E. -ether-chloroform  sequence  is  usually  satisfactory. 

In  regard  to  sex,  women  are  easier  to  control  by  anesthetics  than  men. 
They  are  nmch  more  apt  to  exaggerate  the  disagreeable  effects  of  inhaling 
ether  or  chloroform,  and  consequently  these  agents  should  usually  be  preceded 
by  nitrous  oxide,  ethyl  chloride,  or  somnoforme. 

An.e.sthetizatio.\  of  S(j-called  "Difficult  Subject.s." 

Some  jiaticnts  are  difficult  to  control  by  an;r.sth(>tics.  Alcoholics,  excessive 
smokers,  strong,  athletic,  nervous,  high-colored,  full-blooded  pensons;  persons 
who  lead  out-of-door  lives;  obese,  high-living  persons;  short,  thickset,  short- 
necked  persons,  as  a  class,  afford  familiar  examples  of  difficult  subjects. 

Negroes  are  apt  to  be  difficult  subjects.  They  are  usually  nervous  and 
tend  to  secrete  large  quantities  of  mucus  especially  when  under  ether. 

Full  beards  or  mustaches  may  cause  difficulties  by  interfering  with  the 
proper  control  of  air  which  enters  about  the  hair.  Under  nitrous  oxide  dif- 
ficult subjects  show  inten.se  cyanosis,  rigidity,  jactitation,  struggling,  etc., 
and  they  recover  almost  innnediatel.y  from  ana'.sthesia.  Under  ether  they 
develop  marked  excitement,  .struggling,  cyanosis,  and  an  excess  of  mucus  and 
saliva;  the  respiration  is  rapid,  turbulent,  and  loudly  stertorous;  the  pulse  is 
full,  rapid,  and  bounding:  anrl  it  is  almost  impossible  to  produce  muscular 
relaxation.  Under  chloroform,  excitement  and  strviggling,  cyanosis,  respira- 
tory spasm,  and  lack  of  muscular  relaxation  occur.  Such  pei'sons  consume 
enormous  quantities  of  any  anaesthetic,  recover  quickly,  and  usually  have  little, 
if  any,  post-ana'sthetic  sickness. 

If  difficult  subjects  have  also  deviations  of  the  nasal  septum,  enlarged  lower 
turbinates,  colla]ised   nasal  ahe,  enlarged  tonsils,  or   adenoid  vegetations,  the 
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difficulties  iirr  iiiudi  iiicicascd.  'I'licsc  difficulties  can  he  l;uf;ely  aA'oided  Ijy 
iiaving  at  iiand  liihes  of  soft  hut  linn  ruhher  wiiich  can  he  ])assed  along  tlie 
floor  of  the  nasal  passage.  These  should  he  .sufficientl}'  lui'ge  (about  threc- 
eigliths  of  an  inch  for  adults)  to  insure  good  lireathing  space,  and  long  enough 
to  reach  fi'oni  the  \-estihule  of  the  no.'^e  to  below  the  .soft  palate.  If  the  opera- 
tion is  to  he  about  the  mouth,  the  tubes  maybe  extended  to  the  level  of  the 
epiglottis,  and  the  ]ihaiyiix  p.acked  with  gauze,  as  advocated  by  Crile.  Before 
they  are  used,  tiic  tubes  should  be  thoroughly  clean.sed  and  an  anti.septic  lul)ri- 
cant  applied. 

In  administering  gas  to  difficult  subject.s,  an  accurately  fitting  face-piece 
should  be  used  and  air-exclusion  carefully  practised  foi'  the  first  few  respirations. 
Large  quantities  of  gas  (say,  six  or  seven  gallons)  may  Ije  neces.sary  to  induce 
anaesthesia,  and  a  steady  stream,  sufficiently  ^'igorous  to  cause  a  slight  positive 
pressure  of  gas  in  the  Ijag,  should  l)e  kept  flowing.  A  semi-open  or  close  inhaler, 
fully  charged  with  ether,  may  then  be  substituted. 

It  is  usually  \'er}'  difficult  to  indvice  anaesthesia  with  ether  in  these  sulijeets, 
owing  to  the  excitement,  stiuggling,  coughing,  rigidity,  cyanosis,  etc.,  which 
occur,  and  to  the  enormous  ([uantities  of  the  ana'sthetic  necessaiy.  For  main- 
taining ana'.sthesia  induced  by  gas  or  chloroform,  ether  in  a  semi-open  or  close 
inhaler  may  be  ascd.  A\'itli  the  close  method,  cyanosis,  very  exaggerated 
breathing,  and  rigidity  are  apt  to  occur,  and  the  writei's  believe  that  the  semi- 
open  method,  although  consuming  larger  quantities  of  ether,  produces  better 
results  in  these  ijatients,  especiall}'  if  used  in  conjunction  wiih  morphine  and 
atropine. 

Chloroform  is  particularly  dangei'ous  to  use  in  this  class  of  patients  owing 
to  the  frequency  of  struggling  and  excitement,  the  spasmodic  arrest  of  respira- 
tion, etc.,  that  occur  during  its  use.  It  may  be  employed  to  induce  anse.sthe- 
sia,  as  may  also  mixtures,  if  used  with  caution.  It  should  be  given  rather 
rapidly  for  one  to  two  minutes,  and  then  a  change  should  he  made  to  ether  the 
moment  the  respiration  becomes  regular  or  any  signs  of  struggling  appear. 
The  ether  may  he  given  with  i:)lenty  of  air  on  a  sti'ongl\-  charged  semi-open 
inhaler  until  the  .stage  of  excitement  has  subsiilcd. 

The  be.st  methods  to  u.se  in  tlifficult  subjects  are  the  nitrous  oxide-ether- 
chloroform  sequence,  and  the  A.  C.  E.-ether-chloroform  sequence,  used  in  con- 
jimction  with  morphine  and  atiopine.  A  relatively  laige  dose  of  morphine 
and  atropine  should  be  given  half  an  hour  befoi'c  starting  the  ansesthetic,  and 
the  sequences  administered  in  the  manner  already  descrilied. 

Intensely  nervous  and  terrifietl  patients,  such  as  h^'sterical  women,  may 
refuse  or  be  unable  to  keep  the  head  still  long  enough  to  permit  of  a  successful 
induction  of  ana?sthe.sia  by  nitrous  oxitle.  These  patients  may  either  be  sys- 
tematically restrained  and  put  rajiidly  under  the  influence  of  the  gas  or  grad- 
uallv  ana'stlietized  by  A.  C.  E.  oi-  chloroform.     If  the  latter  methoil  is  em- 


ANAESTHESIA   FOR   SURGICAL   PURPOSES.  215 

ploycil,  plenty  of  air  should  be  allowed  and  the  patient  constantl.v  encouraged 
and  reassured;  at  the  same  time  the  drug  should  be  administered  freely,  in 
order  to  secure  anaesthesia  as  quickly  as  possible. 

The  Choice  of  Methods  for  Different  Oper.\tioxs. 

Certain  operations,  on  account  of  anatomical  location  or  the  posture  of  the 
patient  during  the  operation,  require  special  methods.  The  following  classifi- 
cation gives  the  most  important  of  these  operations: 

Operatiotii:  <if  Cerebral  Surgery. 

These  patients  are  usually  very  easy  to  control,  reciuire  little  of  the  anfps- 
thctic,  and  are  easily  over-an«sthetizeil.  Therefore,  the  anaesthetic  should  l)e 
adminLstered  sparingly  and  cautiously. 

It  is  well  to  avoid  nitrous  oxide,  as  it  raises  arterial  tension  and  may  start 
up  bleeding.  It  is  also  unnecessary,  as  these  patients  are  often  more  or  less 
unconscious.  Ether  should  not  be  given  from  the  beginning,  on  account  of 
starting  up  bleeding  and  struggling.  As  a  rule,  chloroform  or  a  mixture  is 
the  best  agent  to  use.  It  should  be  given  drop  b}'  drop,  and  may  be  follo\\ed 
by  ether  if  circulatory  or  respiratory  depression  appear. 

As  a  rule,  mixed  ansesthesia  should  be  avoided,  especially  if  there  is  shock 
or  coma.  It  may  be  useful,  however,  in  patients  who  are  violent  or  delirious 
before  operation.     It  tranquillizes  the  patient  and  lessens  bleeding. 

Ophthalmic  Operations. 

These  operations  are  mostly  of  shoii  duration  and  require  only  light  anses- 
thesia; indeed,  in  not  a  few  cases  local  ansesthesia  suffices.  Iridectomy  and  enu- 
cleation of  the  eye  have  been  done  under  nitrous  oxide,  nitrous  oxide  ami 
oxygen,  ethyl  chloride,  or  somnoforme.  As  a  rule,  however,  ether  or  chloro- 
form will  be  found  necessary.  It  is  important  to  give  the  surgeon  as  clear  a 
field  as  possible — a  thing  which  is  hard  to  do  with  an  inhaler  on  the  face.  Pa- 
tients may  be  profoundly  anaesthetized  with  ether,  and  the  operation  performeil 
during  the  anaesthesia  that  results  after  the  withdrawal  of  the  inhaler.  The 
selection  of  the  ana:'sthetic  depends  more  upon  the  patient's  general  character- 
istics than  upon  the  operation. 

If  rectal  ansesthesia  were  simpler  and  safer,  it  would,  of  course,  be  ideal  for 
ophthalmic  practice. 

Operations  of  Aural  Surgery. 

Paracentesis  of  the  membrana  tympani  may  be  easily  done  under  nitrous 
oxide  (with  oi'  without  oxygen),  ethjd  chloride,  or  somnoforme,  or  under  a 
light  ether  or  chloroform  anaesthesia. 
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Mastoid  operations,  liowevcr,  rwjuirc  a  deep  aiuvsthrsia  witli  dlicr,  cliioro- 
forni,  or  an  ana-sthetic  niixture.  TIktc  is,  of  course,  less  l)leiMlinK  aftei'  tlie 
latter,  and  a  Rood  general  method  inijilit  l)i'  the  nitrous  oxidc-ether-chloroform 
(or  mixture)  sequence.  Morphine  and  atrojjinc  are  helpful  in  small  doses, 
lessening  the  bleeding  and  the  necessary  ainoimt  of  the  ana'sthetic. 

OpcratidHs  iij  Drill  miil  Xiisal  Siiriii/ri/. 

In  these  operations  the  posture  of  the  jiatient  is  imixn'tant.  We  recognize 
in  general  four  positions: 

1.  Dorsal  with  head  extended; 

2.  Trendelenburg; 

3.  Sitting  or  "lient  forwaid"; 

4.  Lateral. 

The  dorsal  posture  allows  drainage  through  the  nose  and  gives  an  excellent 
view  of  the  back  part  of  the  mouth  and  phaiynx.  If,  however,  there  is  nasal 
obstruction,  blood  or  i)us  may  collect  in  the  naso-pharynx  an<l  reijuirc  careful 
and  constant  sponging. 

The  Trendelenburg  posture  provides  good  drainage  away  from  the  larynx, 
bvit  has  the  disad\-antage  of  increasing  hemorrhage. 

In  the  sitting  posture  the  patient  is  placed  upright  in  a  firm  chair,  with  a 
liillow  or  the  ana-sthetist's  knee  as  a  support  for  the  l)ack.  Drainage  is  ob- 
tained by  tilting  forward  the  patient's  head  at  intervals.  This  posture  contra- 
indicates  the  use  of  chloroform. 

In  the  lateral  posture  the  patient  is  placed  on  his  side  and  the  head  raised 
by  a  pillow  until  it  is  in  line  with  the  l)ody.  blxcellent  drainage  into  the  lower 
cheek  results,  and  coughing  and  swallowing  are  not  interfered  with.  The  post- 
ure is  rather  awkwartl,  however,  for  some  operators,  who  find  it  ilifficult  to  ob- 
tain a  good  view  of  the  back  of  the  mouth. 

In  any  of  these  postures,  profound  amcsthesia  with  ether,  following  nitrous 
oxide,  ethyl  chloride,  somnoforme,  or  a  chloroform  mixture,  is  the  rule.  If  the 
cautery  is  to  be  used,  a  change  to  chloroform  .should  be  made  two  or  three  min- 
utes beforehand. 

Operations  around  the  Nose  and  Throat. 

Tonsils  and  Adenoid  Vegetations. — In  these  operations  the  employment  of 
ether,  preceded  by  a  small  amount  of  gas,  except  in  very  young  chiklren,  is 
the  best  method.  The  patient  should  be  placed  in  the  upright  posture,  and  the 
head  and  body  rapidly  tilted  forward  whenever  the  throat  fills  with  blood.  The 
anaesthesia  should  be  light. 

Intranasal  Operations. — These  include  o])erations  for  polypi  and  for  devia- 
tions of  the  septum,  turbinotomies,  etc.  On  account  of  the  nasal  obstruction 
which  exists  in  such  cases,  A.  C.  E.  rather  than  nitrous  oxide  should  be  used  to 
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induoo  anaesthesia,  which  is  to  be  maintained  by  ether.  The  sitting  posture 
is  the  best,  but  if  A.  C.  E.  has  been  used  tlie  patient  should  be  ana?sthetized 
in  the  dcjisal  posture  and  not  placed  upright  until  he  is  well  under  the  influence 
of  the  ether. 

Operations  on  the  Antrum  of  Highmore. — These  cases  are  trying  to  the 
ana'sthetist,  whose  best  procedure  is  to  use  the  nitrous  oxide-ether  .■sequence 
until  profound  ana?sthesia  is  secured,  after  which  the  effect  may  be  maintained 
by  the  Greene  thermo-ether  inhaler. 

The  best  position  is  the  lateral,  with  the  posterior  nares  jilugged  with  gauze. 

Cleft-Palate  Operations. — Continuous  deep  ana>sthesia  is  absolutely  neces- 
sary in  these  operations,  and  is  best  accomplished  in  the  manner  described 
mider  "  Operations  on  the  Antrum."  The  patient  should  be  placed  in  the  dor- 
sal posture  slightly  nidditicd  by  the  Trendelenburg  position,  and  with  the  head 
in  extreme  extension.  The  tongue  should  hv  held  forward  l)y  a  ligature  passed 
through  the  median  rai)he. 

Operations  on  the  Lips  and  Cheeks. 

In  these  the  jiatient  should  be  placed  in  the  lateral  posture  and  the  gas- 
ether  seciuence  should  be  employed.  In  some  cases  where  bleeding  is  profuse, 
the  nasal  tubes  described  on  page  214  may  be  introduced  and  carrietl  back  as 
far  as  to  the  epiglottis,  the  back  of  the  mouth  being  packed  with  gauze. 

Extirpation  of  the  Tongue. 

This  operation  is  usually  performed  for  malignant  disease  and  in  [patients 
who  are  advanced  in  years. 

It  may  be  done  in  the  upright,  lateral,  or  Ro.se's  posture.  The  latter  po.st- 
ure,  in  whicli  the  heatl  is  in  extreme  hyperextension  and  the  shoulders  well 
propped  up,  is  preferred  by  some  surgeons  owing  to  the  fact  that  no  blood  can 
be  swallowed  or  inhaknl.  The  writers  prefer  the  upright  posture,  however, 
and  believe  the  following  to  l)e  the  best  method  of  procedure: 

A  i-elatively  large  dose  (gr.  | — \)  of  morphine  with  atropine  should  be 
given  half  an  hour  before  the  ansesthetic  is  administered.  The  patient  being 
recumbent,  anaesthesia  should  be  inducetl  with  a  chloroform  mixture,  and  then, 
as  soon  as  consciousness  is  lost,  ether  dropped  on  a  semi-open  inhaler  should 
be  substituted.  When  profound  anaesthesia  is  ol)tained  the  patient  may  be 
placeil  upright  and  strajJiied  in  the  operating  chair,  the  heatl  being  properly 
supported  and  neither  Hexed  nor  extended.  The  anaesthetist,  standing  be- 
hind or  to  one  .side  of  the  patient,  may  hold  the  head  himself  or  tletail  an  assist- 
ant for  this  purjjose.  Ana'sthesia  may  be  maintained  by  the  Greene  thermo- 
ether  inhaler,  a  gag  or  mouth-prop  hokling  the  mouth  open  and  allowing  the 
surgeon  to  work  without  interruption;  or  the  ana:>sthetic  may  be  entirely  with- 
tlrawn  when  the  surgeon  begins  operating,  and  reapplied  when  the  patient 
shows  signs  of  connnencing  recovery.     Owing  to  the  action  of  the  morphine, 
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putk'iily  will  often  rciuuiii  aiufsthctized  for  riftccn  or  twenty  ininules,  or  even 
longer,  allowing  the  surgeon  to  complete  the  o])erati(in  without  interruption. 
Rectal  ana'sthesia  has  been  successfully  used  in  these  cases,  and  would,  of 
course,  be  the  ideal  nietliod  were  it  not  for  its  difhculties  and  dangers. 

OperdtiiiiiK  on  the  Neck. 

1.  Tracheotomy. — This  operation  is  best  jierforined  undrr  cdcaine  ana'sthe- 
thesia,  but  is  frequently  done  luider  general  ana-sthesia,  as  a  step  in  the  opera- 
tion of  larjinfiotomy  or  larymiecloiinj.  The  best  anaesthetic  to  use  in  these  opera- 
tions is  chloroform  or  a  mixture  containing  it,  and  the  best  posture  is  the 
Trendelenburg.  This  prevents  blood  and  mucus  from  entering  the  lungs  and 
makes  the  maintenance  of  ana'sthesia  by  chloniinnn  safer. 

The  tracheotomy  tube  having  been  inserted,  ana'stliesia  may  be  maintained 
by  chloroform  given  on  an  Esmarch  mask  held  o^-cr  the  tracheotomy  tube  or  by 
Krohne's  regulating  chloroform  inhaler  fitted  with  the  bent  silver  tube  (Fig.  83). 

2.  Thyroidectoviy  calls  for  a  careful  selection  and  administration  of  the  an- 
aesthetic, especially  if  the  growth  is  large  enough  to  press  upon  or  dislocate 
the  trachea. 

Nitrous  oxide  is  usually  cimtra-indicated  in  these  cases  owing  to  the  ha- 
bility  to  asphyxia  that  results  from  delayetl  elimination  of  the  gas. 

Ether  also  is  unsuital)le,  as  it  pi'oduces  engorgement  of  the  nuicous  mem- 
brane of  the  upper  respiratory  [)assages  and  consequently  increases  narrowing 
of  the  air-w'ay. 

Chloroform  or  a  chlonjform  mixture  is  to  be  preferred,  as  it  jirod vices  no  engorge- 
ment and  does  not  cause  cough  or  the  excessive  prculuction  of  mucus  or  saliva. 

Before  starting  the  anaesthetic  in  neck  cases,  it  is  important  thoroughly  to 
loosen  or  cut  away  all  bandages  about  the  neck,  and  at  the  conclusion  of  the 
operation  to  guard  against  too  tight  l:)andaging. 

A  good  method  of  procetlure  is  to  give  a  dose  of  morphine  with  atropine 
half  an  hour  before  beginning  the  administration.  The  patient  should  !3e 
allowed  to  adopt  the  po.sition  in  which  breathing  is  easiest,  and  as  many  pil- 
lows as  he  desires  may  be  allowed. 

Anaesthesia  should  be  induced  with  chloroform  or  with  an  ana'sthetic  mixt- 
ure, w'hich  may  be  continued  throughout  the  operation,  a  change  being  made 
to  ether  if  too  great  circulatory  or  respiratory  depression  occurs.  AVhen  anu'S- 
thesia  is  complete  the  head  may  be  extended,  as  required  by  the  surgeon,  by 
removing  one  by  one  the  pillows. 

In  all  operations  of  this  nature  the  siu-geon  or  the  anaesthetist  should  be 
prepared  for  immediate  tracheotomy. 

In  thyroidectomy  for  exophthalmic  goitre,  the  tachycardia  adds  considerable 
danger  to  the  operation,  and  therefore  the  circulation  nuist  be  carefully  watched. 
The  mode  of  procedure  is  the  same. 
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3.  Operations  for  diseased  li/nipli  nodes  in  the  neck  often  picscnt  difficulties  to 
the  antesthetist,  persistent  cyanosis,  excessive  secretion  of  mucus,  and  respiratory 
spasm  being  the  commonest.  The  preliminary  use  of  morphine  and  atropine 
tends  to  do  away  witli  tli(>  superabundant  mucus  and  the  spasm,  I)ut  in  order 
to  keep  the  color  good  the  use  of  oxygen  may  be  necessary.  These  patients 
are  often  the  subjects  of  tuberculosis  and  will  secrete  mucus  freely,  especially 
if  ether  is  employed. 

The  use  of  moi'phinc  and  atropine  and  a  careful  administration  of  a  chloro- 
form mixture  are  to  be  recommended  in  these  cases.  The  A.  C.  E.-ether  se- 
quence may  work  well,  or  the  nitrous  oxide-ether-chloroform  sequence  may  be 
tried,  although,  as  a  rule,  it  is  well  to  avoitl  the  use  of  gas. 

Operations  Requiring  the  Prone  Posture. 

The  prone  posture  interferes  considerably  with  respiration,  complete  chest 
expansion  being  impossible.  This  must  be  compensated  for  by  maintaining  a 
light  ana>sthesia,  which  can  be  safely  done  owing  to  the  good  drainage  for  mucus, 
vomitus,  etc.,  that  the  jjrone  posture  insures.  Anaesthesia  should  be  induced 
in  the  dorsal  posture,  and  the  patient  deeply  anaesthetized;  then  he  should  be 
turned  into  the  prone  posture,  after  which  the  ana\sthesia  may  be  allowed  to 
become  much  lighter. 

Among  operations  requiring  this  prist uic  may  be  mentioned  laminectomy 
and  Kraske's  operation  foi-  resection  of  the  rectum.  The  subjects  of  both  of 
these  opei'ations  are  apt  to  be  weakened  by  disease,  and  hence  great  care  on 
the  part  of  the  anaesthetist  is  necessary  under  these  circumstances.  The  cir- 
culation should  be  carefully  watched  for  signs  of  shock  and  hemorrhage,  and 
over-aua'sthetization  should  be  guarded  against.  Ether  should  be  used  for 
maintaining  the  anaesthesia.  It  naay  be  wise  in  some  cases  of  laminectomy, 
especially  tho.se  at  the  upper  dorsal  and  lower  cervical  region,  to  draw  the  body 
upward  so  that  the  upper  thorax  can  be  supported  by  an  assistant,  thus  remov- 
ing the  weight  of  the  bod}'  from  the  table,  and,  so  far  as  possible,  any  interfer- 
ence with  tlie  crippled  respiratory  act. 

Abdominal  Operations. 

Abdominal  operations  reciuire  piofound  anaesthesia  with  complete  muscu- 
lar relaxation  and  traiKjuil  respiration.  This  rules  out  nitrous  oxide  as  an 
agent  for  maintaining  ana>sthesia  in  abdominal  surgery,  although  in  certain 
favoraljle  subjects  nitrous  oxide  and  oxygen  will  protluce  nmscular  relaxation. 

Ether  or  chlorofoi'm  is  the  liest  agent  to  use,  and  morphine  and  atropine 
may  be  necessary  to  insure  (|uiet  breathing  and  nuiscular  relaxation.  Ether 
is,  on  the  whole,  to  be  preferred,  as  circulatory  tlepression  is  less  Ukely  to  occur 
than  with  chloroform.  In  many  cases,  however,  ether  fails  completely  to  re- 
lax the  nuiscles,  antl  chloroform  becomes  necessary.     Antesthesia  may  be  in- 
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(luccd  by  ;iiiy  iigent  tliat  the  |i;iticiit 's  pliysical  cliuriictcristics  sei'in  to  call  for. 
Tho  nitrous  oxidc-etlici-,  llic  nitmiis  oxidc-cthor-ciilorofonn,  and  the  A.  C.  E.- 
ctlicr  sccivicnccs,  in  cijiiiuni'lion  with  iiKirpliinc  and  ati'opinc,  may  all  he  used 
to  advantage  in  abdominal  surgery. 

Ojicnilidiis  licrjiiirliifi  llic  Lilhuldiinj  Posture. 

Tlic'sc  operations  can  usually  be  done  under  a  light  anaesthesia.  This  is 
especially  true  of  the  conunon  gyna'cological  oijerations,  such  as — 

Dilating  and  curetting,  and 

Repair  of  the  cervix  and  perin<>um. 

In  such  a  series  of  operations  a  ycvy  light  anaesthesia  would  suffice  for  the 
first  two  procedures,  while  for  the  ])erineal  operation  the  aiuesthesia  would 
have  to  be  deepened  several  degrees. 

The  operations  for  hiemorrhoids,  whether  by  clamp  and  cautery  or  by 
excision,  roejuire  a  deej)  ana'stliesia  at  first  and  dui'ing  the  sti'etching  of  the 
sphincter.  In  the  latter  part  of  the  operation,  however,  the  an;esthesia  can  be 
lightened  several  degrees. 

Perineal  urethrotomy  can  be  done  under  a  fairly  light  ana'.sthesia. 

As  a  rule,  a  mixtuie  of  gas  and  ether  by  the  close  methotl  works  well  in 
these  operations. 

In  the  Sims,  lateral,  or  ])rone  postm-es,  excellent  drainage  is  provided  for 
mucus,  saliva,  or  vomitus,  and  a  light  anaesthesia  can  be  easily  maintained. 
It  must  be  remembei'cd  that  the  movements  of  the  thorax  are  consideralily 
limited  in  these  postures,  and  over-ana'sthetization  should  be  guarded  against. 

Amputaiion.'i,  Reduction  of  Dislocations,  Setting  Fractures,  etc. 

Amputations  should  be  i)erformed  under  a  light  ana\sthesia.  The  [)atients 
are  often  in  a  state  of  shock  or  weakness,  and  ether  is  the  best  ana'sthetic, 
except  in  cases  of  senile  gangrene  with  arterial  disease,  when  chloroform  is  to. 
be  preferred.  Muscular  relaxation  is  not  always  necessary;  otherwise  a  light 
anaesthesia  should  be  maintained. 

For  the  reduction  of  dislocations  and  tite  settin<l  of  fractures,  more  profound 
anaesthesia  is  necessary.  Ether  is  usually  sufficient,  although,  when  complete 
relaxation  is  necessary,  ether  may  be  supplemented  with  chloroform. 


VI.    DISEASES  AND   CONDITIONS  REQUIRING  SPECIAL  METHODS. 

An.emia. 

Anaemic  patients  are,  as  a  rule,  easily  controlled  by  anaesthetics.  In  moder- 
ate anamia  no  change  from  routine  methods  is  necessary.  In  pronounced  anemia 
nitrous  oxide  and  all  methods  requiring  limitation  of  air  are  contra-indicatetl 
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owing  to  the  rapid  development  of  asphyxiii  wliich  results  in  these  cases. 
Ether  is  well  borne,  but  should  l)e  atlministered  by  the  open  or  semi-open 
method  and  in  the  smallest  possible  (luantity.  Chloroform  is  best  avoided  in 
anicniia,  and,  if  it  be  used,  great  caution  is  necessary.  Ethyl  chloride  and  som- 
nofornie  are  ^■ery  well  adaptetl  for  inducing  ana'sthesia  in  these  cases,  as  they 
do  not  ]:)roduce  cyanosis  nor  asphyxial  jjhenomena.  The  less  the  percentage  of 
ha'moglobin  in  the  blood  the  less  will  be  the  necessary  quantity  of  the 
ana>sthetic. 

Aneurism  and  Atheroma. 

In  these  cases  the  indication  is  to  secine  a  tramiuil  ana'sthcsia  without 
excitement,  struggling,  or  undue  stinuilalion  of  the  circulatory  system. 

Nitrous  oxide,  although  it  may  eliminate  excitement  and  struggling,  in- 
creases arterial  tension  and  is  therefore  best  avoided. 

Ether  should  not  be  used  owing  to  its  exceedingly  stimulating  effect  upon 
th(>  circulation  and  its  liability  to  produce  struggling. 

Chloroform  or  a  mixture  is  the  best  anaesthetic  for  these  cases.  It  should 
be  used  in  conjunction  with  morphine  and  atropine,  which  should  be  given 
twenty  or  thirty  minutes  before  the  administration  of  the  anaesthetic.  The 
anaesthetic  should  be  given  rather  rapidly  at  first,  in  an  effort  to  avoitl  undue 
excitement  and  struggling.  Should  these  occiu',  however,  the  administration 
should  be  cautiously  continued  as  descrilied  under  "Administration  of  Chloro- 
form." 

Asthma. 

Morphine  and  atropine  should  l)e  given  to  diminish  secretions  and  tranquil- 
lize the  respiration. 

Nitrous  oxide  and  all  close  methods  are  contra-indicated. 

Ether  should  not  be  used  to  induce  anaesthesia,  although  it  may  be  well 
borne  in  sequence  to  chloroform. 

Chloroform  or  a  chloroform  mixture  should  lie  usetl  to  induce  ana'sthesia; 
and,  if  well  borne,  it  may  be  continued  thr(_)ugliout  the  operation.  But  if  it 
is  not  well  borne,  a  change  to  ether  should  be  made. 

For  short  operations  ethyl  chloride  or  somnoforme  is  well  taken  by  asth- 
matics. 

Posture  is  important  while  intlucing  ana'sthesia,  and  as  many  pillows  as  the 
patient  requires  in  order  to  breathe  comfortably  should  be  allowed.  These  may 
l)e  iciuoved  when  consciousness  is  lost. 

Bronchitis. 

In  acute  bronchitis  operative  interference  should  be  deferretl,  if  possible. 
If  it  casinot  be  deferred,  chloroform  or  a  chloroform  mixture  is  the  best  ana-s- 
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thetic,  unless  the  opcTiilion  is  a  trivial  oiu',  when  iiiticius  u\u\v  can  bu  safely 
used. 

Til  chnmie  hnmchitis  it  is  well  to  avdiil  nitrnus  oxide  and  all  close  methods 
except  in  short  operations. 

Ether  sliould  not  l)e  n.sed  at  first,  altlioui;li  it  may  work  well  in  sequence  to 
chloroform. 

Chloroform  or  a  mixture,  used  in  conjuiielion  with  morphine  and  atropine, 
is  the  best  method  for  these  cases. 


Carbuncle. 

Patients  with  carbuncle  are  often  exhausted  by  jiaiii  and  lack  of  sleep  and 
may  have  considerable  shock  during;'  anaesthesia. 

The  operation  should  be  done  as  rapidly  as  possible  undei'  a  light  ana'sthesia 
by  nitrous  oxide,  nitrous  oxide  and  ether,  or  ether. 

Dl.VHKTKS. 

Diabetics  should  be  carefully  tlieted  for  scA-eral  weeks  before  operation,  if 
possible,  in  order  to  reduce  to  a  minimum  the  sugar  in  the  urine. 

The  danger  in  ana'sthetizing  diabetics  is  coma,  and  therefore  a  light  and 
brief  ans'sthesia  is  imperative. 

Nitrous  oxide  somethnes  produces  temporary  glycosuria  in  health  and 
therefore  should  be  a^■oided. 

A  light  narcosis  with  ether  or  with  a  mixture  containing  chloroform  is  the 
best  line  of  jDractice. 

I)Ysrxa:.\. 

In  dyspnoea  the  selection  of  the  anaesthetic  varies,  of  course,  with  the  cause. 
Generally  speaking,  it  is  best  to  induce  and  maintain  anaesthesia  by  chloroform 
or  a  chloroform  mixture,  as  these  throw  the  lea.st  possible  strain  upon  the 
respiration. 

In  the  giving  of  an  ancesthetic,  in  cases  of  laryngeal  obstruction,  the  symp- 
toms are  often  so  much  aggravated  thereby  as  to  demand  i)roini)t  operative 
relief.  Therefore  the  preparations  to  meet  this  complication  should  be  com- 
plete and  at  hand. 

Posture  is  very  important,  and  the  patient  should  be  allowed  to  ado^it  any 
attitude  in  which  he  can  breathe  most  comfortably.  As  soon  as  consciousness 
is  lost  the  posture  may  be  changed  to  suit  the  requirements  of  the  operation. 

Oxygen  should  ahvays  be  at  hand. 
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Empyema,  Pleurisy,  Abscess  of  Luxg,  etc. 

Simple  paracentesis  of  the  thorax  for  pleurisy  can  lie  done  under  cocaine  or 
under  a  light  ana-sthesia  resulting  from  gas,  (■thyl  chloride,  sonmoforme,  or 
ether. 

In  all  operations  upon  the  thorax,  posture  is  of  the  utmost  importance. 
Usually  one  side  only  of  the  thorax  is  able  to  expand,  and  the  posture  should 
be  such  as  to  give  the  .sound  side  the  Iiest  possible  chance.  The  placing  of  the 
diseased  side  uppermost  prevents  the  expansion  of  the  only  available  side  of  the 
thorax,  and  cases  have  been  reported  in  which,  under  these  circumstances,  i:)us 
from  an  abscess  in  the  lung  drained  into  the  sound  lung  and  .suffocated  the 
patient. 

Therefore  the  sitting  posture,  or  the  lateral  posture  with  the  sound  side  vip- 
permo.st,  should  be  insisted  u])on. 

Ana'sthesia  may  be  induced  in  the  semi-r(>cunibent  posture  by  a  chloroform 
mixture  or  by  chloroform.  Ether  in  an  o]ien  or  semi-open  inhaler,  with  or 
without  oxygen,  according  to  the  i)atient"s  comlition,  .should  then  be  substi- 
tuted, and  administered  for  three  or  four  minutes.  The  patient  may  now  be 
safely  placed  in  the  upright  posture  and  held  so  by  an  attendant  during  the 
operation.  A  light  ana'.sthesia  .should  be  maintained  and  in  many  cases  the 
coughing  reflex  allowed  to  persist. 

A  bad  general  appearance,  with  pallor,  cyanosis,  or  a  pinched  look  about  the 
nose,  is  common  in  these  cases,  but  is  much  less  likely  to  occur  in  the  upright 
jiosture. 

If  the  lung  of  an  I'therized  patient  is  opened  during  operation  the  use  of  the 
cautery  near  the  wound  is  contra-indicated. 

He.\kt  Dise.\se. 

If  a  heart  lesion  is  well  comjiensated,  no  change  from  routine  measures  is 
necessary :  Init  if  dyspna^a,  swollen  ankles,  pulmonary  cedenia,  and  other  signs 
of  broken  compensation  arc  present,  the  greatest  caution  is  necessary. 

As  a  rule,  in  all  heart  cases  it  is  well  to  avoid  those  ana>sthetics  and  methods 
which  accelerate  and  excessively  stimulate  the  respiration,  as  this  reacts  upon 
the  circulation.  Therefore  nitrous  oxide  and  close  methods  shoukl  be  avoided. 
Ether  shoukl  l)e  avoided  for  inducing  ana-sthesia  ow'ing  to  the  excitement  and 
exaggerated  breathing  that  it  produces,  but  it  may  be  usetl  to  advantage  in 
secjuence  to  chlorofoini  or  a  chloroform  mixture.  The  latter  will  usually  be  the 
Ijest  agents  foi-  inducing  ana'sthesia.  They  may  lie  continued  throughout  the 
ojieration  or  followed  by  ether  on  a  semi-open  inhaler.  Morphine  and  atropine 
ai'e  useful  for  slowing  the  respiration  and  keeping  the  respiratory  passages  clear 
of  nmcus.     In  myocarditis  and  in  cases  of  fatty  degeneration  of  the  heart 
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luusclc,  clildrdCDriii  and  its  inixtures  should  1)0  used  with  great  caution.  Yet 
they  may  he  the  Ix'st  agents  to  use,  especially  I'of  inducing  anaesthesia.  When 
another  ana'sthetic  is  being  eniployetl,  the  anaesthetist  uuist  he  prepared  to 
change  to  ether  at  any  sign  of  failing  circulation,  and  it  may  he  well  to  do  so  as 
soon  as  ana'sthesia  is  c()mi)lete. 

In  cases  with  hitikcn  compensation  anaesthesia  should  be  carefully  in- 
duced i)y  chloroform  or  by  a  mixtiu'e  in  the  ])osition  in  which  the  patient  can 
breathe  most  comfoi'taljly.  According  to  the  patient's  condition  ana'sthe.sianuiy 
be  continued  by  chloroform,  by  the  mixture,  or  by  ether  on  a  semi-open  inhaler. 

Oxygen  should  be  used  in  conjunction  with  the  ana?sthetic.  The  writers 
believe  that  a  small  preliminary  dose  of  mori)hiue  and  atropine  and  the  A.  C.  Iv- 
ether  setjuence,  the  ether  being  given  on  a  semi-open  inhaler  with  a  constant 
stream  of  oxygen,  is  the  best  method. 

A  fairly  profound  anaesthesia  is  necessary  to  avoid  disturbance  of  the 
respiration. 

HlOMORRH.^GE. 

Nitrous  oxide  should  not  be  used  in  patients  who  are  bleeding  or  exsan- 
guinated, except  in  very  small  amounts  and  t)nly  for  inducing  ana'sthesia,  as  it 
ciuickly  causes  asphyxia  in  such  cases. 

Ether  is  by  all  means  the  best  agent  to  use.  It  should  be  given  by  the  open 
or  semi-open  method  and  as  sparingly  as  possible. 

Chloroform  should  be  avoideil  owing  to  the  extreme  ease  with  which  cir- 
culatory depression  results  in  cases  of  hemorrhage. 

In  certain  opeiations,  howe\'er,  where  it  is  important  to  avoid  hemorrhage, 
as  in  cerebral  surgery,  it  may  be  best  to  use  chloroform  fi'om  the  first,  provided 
the  patient  is  in  good  condition. 

Very  small  amounts  of  any  ansesthetic  are  sufficient  to  control  bleeding 
patients,  and  the  use  of  morphine  antl  atropine  is  entirely  unnecessary.  Oxy- 
gen given  in  conjunction  with  ether  is  a  distinct  atlvantage. 

Obesity. 

Obese  patients  arc  usually  poor  subjects  for  anai'sthetics  and  often  have 
weak  hearts.  As  a  rule,  they  do  not  do  well  under  nitrous  oxide  or  ether  unless 
the  latter  be  given  in  sequence  to  chloroform  or  a  chloroform  mixture. 

The  A.  C.  E.-ethcr  sequence  is  probably  the  best  method  for  use  in  obesity, 
or  the  administration  of  A.  C.  E.  or  ansesthol  may  be  continued  throughout. 

Peric-\rditis. 

As  a  rule,  general  ana-sthesia  is  unnecessary  for  paracentesis  of  the  peri- 
cardium.    If  general  ana-sthesia  is  necessary,  the  short  ana-sthesia  resulting 
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from  a  few  inhalations  of  nitrous  oxide,  ethyl  ehloridc,  somnoformc,  or  ether 
would  be  sufhcient. 

If  longer  operations  are  necessary  in  such  cases,  a  chloroform  mixture  of 
nitrous  oxide  antl  oxygen  would  be  the  best  method  to  use. 

The  semi-recumbent  posture  should  be  used  during  the  induction  of  anaes- 
thesia. 

Peritonitis  a\d  Intestin.\l  Obstruction. 

These  cases  are  often  difficult  and  dangerous  to  anaesthetize. 

The  rigidity  of  the  abdominal  wall  in  peritonitis  interferes  with  the  proper 
action  of  the  diaphragm  in  respiration. 

The  regurgitation  of  ftecaloid  matter,  so  common  in  intestinal  obstruction, 
may  cause  suffocation  by  being  inhaled  during  anaesthesia. 

Furthermore,  in  hospital  practice  these  cases  are  apt  to  come  to  operation 
heavily  narcotized  with  morphine  to  relieve  long-continued  pain.  If  the  an- 
sesthetist  is  not  aware  of  this,  dangerous  respiratory  depression  may  occur  dur- 
ing anaesthesia. 

As  a  i:)reliminary  precaution  the  stomach  of  patients  who  are  vomiting 
should  be  washed  out.  The  washing  should  be  done  before  the  induction  of  an- 
a?sthesia,  and  the  stomach  tube  may  be  left  in  during  anaesthesia  without  in 
the  least  interfering  with  a  good  administration.  This  is  a  great  safeguard 
against  the  inhalation  of  vomitus  that  is  so  dangerous  in  these  cases. 

Ana'sthesia  should  be  induced  by  a  small  amount  of  nitrous  oxide  or  a 
chloroform  mixture  and  maintained  by  ether  on  a  semi-open  inhaler. 

The  pulse  should  be  carefully  watched  for  circulatory  depression. 

Pneumoni.\. 

Patients  with  pneumonia  are  unfit  to  inhale  an  anaesthetic.  If  a  general 
anaesthetic  were  imperative,  nitrous  oxide  and  oxygen,  or  chloroform  with. 
oxygen,  would  probably  be  the  choice. 

Rectal  anaesthesia  has  been  used  successfully  in  cases  of  unresolved  pneu- 
monia requiring  operation. 

Pregnancy  and  Parturition. 

In  parturition,  chloroform  is  well  taken,  and  it  is  said  to  be  safer  in  preg- 
nant women  than  in  persons  in  ordinary  health.  Chloroform  and  ether  arc 
both  suitable  for  relieving  labor  pains.  If  surgical  anaesthesia  is  necessary, 
ether  should  be  used.  It  may  be  preceded  by  nitrous  oxide,  A.  C.  E.,  or  ethyl 
chloride. 
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Renal  Disease. 

Tlie  (nicstion  as  to  wlictlicr  ctlior  or  chloroform  is  tlic  more  irritating  to  the 
ki(hieys  is  much  discussctl.  Both  ih'iigs,  if  inhalcil  fur  a  emisiiicralilo  length 
of  time,  will  cause  all)umin  to  ap])ear  in  the  urine. 

It  is  probable  that  the  kidney  would  1)0  less  affected  by  a  careful  admin- 
istration of  chlorofoini  than  by  an  indiffei-ent  administration  of  ether,  and 
most  writers  incline  to  the  belief  that  chloroform  shoulfl  be  used.  On  the 
other  hantl,  a  skilful  administration  of  ether  by  the  close  method,  in  which  a 
very  small  amount  of  ethei-  was  used,  would  probably  leave  the  kidneys  in 
better  contlition  than  after  chloroform. 

If  the  disease  is  not  advancetl,  no  change  of  routine  is  necessary,  except  that 
as  small  a  f|uantity  as  possible  of  the  anaesthetic  should  be  used  and  the  ]5eriod 
of  ana'sthesia  made  as  short  as  possible. 

In  advanced  Bright 's  disease,  however,  the  administration  of  nitrous  oxide 
and  oxygen  by  a  skilled  ana'.sthetist  will  spare  the  kidneys  as  nuich  as  is 
possible,  and  not  endanger  the  heart,  should  secondary  changes  in  the  heart 
muscle  exist. 

This  has  been  successfully  ilone  many  times  in  Edebohls'  operation  for  de- 
capsulating  the  kidneys. 

Operations  upon  the  kidney  itself  are  apt  to  be  attended  by  considerable 
shock  and  hemorrhage.  The  selection  of  the  anaesthetic  in  these  cases  depends 
upon  the  patient's  physical  characteristics. 

Shock. 

In  shock  the  period  of  anaesthesia  shoukl  be  made  as  short  as  possible  by 
commencing  the  administration  with  the  patient  on  the  operating  table,  the 
•  surgeon  being  ready  to  operate  at  the  moment  anaesthesia  is  complete,  and  dis- 
continuing the  anesthetic  at  the  earliest  possible  time. 

Suitable  means  for  producing  artificial  heat  should  be  at  hancl.  Heaters 
and  hot-water  bottles  should  be  applied,  but  they  should  be  well  wrapped  up 
and  not  allowed  to  burn  the  patient. 

Appropriate  stimulants  and  oxygen  should  be  at  hand. 

The  anaesthetist  should  keep  the  surgeon  informed  of  the  rate  and  quality 
of  the  pulse,  and,  estimating  the  i)i'obable  length  of  the  operation,  he  shoukl 
tmhesitatingly  warn  the  surgeon  of  impending  danger. 

When  the  pulse  indicates  approaching  shoclc,  the  first  essential  is  to  lessen 
the  depth  of  anaesthesia  by  discontinuing  the  administration,  and  giving  fresh 
air  or  oxygen. 

Hypodermic  and  rectal  stimulation  should  be  imdertaken  early.  If  one 
waits  until  the  circulation  is  poor  and  then  stimulates  freely  with  hypodermic 
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injections  of  strychnine,  etc.,  the  drugs  may  be  imperfectly  absorbed  at  first, 
and  later  have  an  excessive  cumulative  effect. 

In  suddenly  developing  shock  the  surgeon  should  be  -warned  to  cease  operat- 
ing, the  anaesthetic  should  be  withdrawn,  the  head  lowered,  and  artihcial  heat 
produced  b\^  blankets  and  hot-water  bottles. 

Rectal  .stimulation  is,  as  a  rule,  useful  in  combating  shock,  an  enema  con- 
.^isting  of  two  ounces  each  of  brantly,  coffee,  and  nornuxl  salt  solution  being  an 
excellent  one.     (See  the  ai'ticle  on  "Surgical  Shock  "  in  "\'ol.  I.) 


\U.   THE   RECOVERY   PERIOD. 

After-Effects  of  Ax.e.sthetics. 

The  r(>covery  period  begins  with  the  withdrawal  of  the  anesthetic  and  ends 
when  the  patient  has  fully  regained  consciousness. 

As  before  stated,  the  ana?sthetic  should  l)e  removed  as  early  as  pos.sible, 
the  administration  being  so  timed  that,  when  the  o])eration  is  over,  the  patient 
is  well  on  the  roail  to  recovery. 

Before  the  patient  is  transported  from  the  operating  table  to  bed,  lie  should 
be  carefully  wrajjped  in  blankets  and  protected  against  cold  and  draughts.  It 
is  especially  important  to  ])rotect  the  chest  and  to  keep  the  feet  warm.  Mov- 
ing of  patients  should  be  done  with  as  little  jolting  as  pos.sible,  in  order  not 
to  provoke  vomiting. 

Chloroformed  patients  should  be  allowed  to  recover  or  nearly  so  upon  the 
operating  table  befoi-e  they  are  moved.  When  they  are  lifted  the  head  should 
be  kept  low  to  avoid  syncope. 

In  hospitals,  with  plenty  of  assistants  and  wheeled  trucks,  the  transporta- 
tion of  i^atients  is  a  simple  matter.  In  private  houses,  however,  patients  should ' 
be  cariied  in  the  arms  of  one  or  more  persons.  If  one  man  is  lifting  the  patient,, 
the  hand  of  the  arm  that  encircles  the  trunk  should  grasp  the  axilla  of  the 
patient  in  such  a  way  that  the  latter's  head  will  Ije  supported  on  the  lifter's  arm. 
The  other  arm  grasps  the  knees  and  thus  the  patient  can  be  easily  carried. 

The  bed  should  be  properly  warmed  antl  the  recovery  room  well  aired.  A 
responsilile  per.son  should  make  certain,  however,  that  no  hot-water  bottles  or 
heaters  remain  in  bed  with  the  ]3atient.  In  certain  cases  it  may  be  well  to 
place  the  patient  betwet'n  warm  blankets  and  to  support  the  foot  of  the  bed 
upon  a  chair  in  order  to  lower  the  head.  Patients  do  better  if  allowetl  one 
low  pillow  for  the  head,  a  second  one  being  used  to  support  one  shoulder  or  to 
keep  the  patient  in  the  lateral  i)osture.  As  before  insisted  upon,  it  is  impor- 
tant to  keep  the  head  on  the  side  from  the  moment  anaesthesia  is  complete 
until  the  coughing  and  swallowing  reflexes  return. 


228  AMERICAN  PRACTICE  OF  SURGERY. 

Vomiling may  occur  on  the  operating  table  or  not  until  the  patient  is  in  bed. 
A  recovering  patient  should  always  be  carefully  watched  and  assisted  to  vomit 
until  recovery  is  complete.  On  this  account  jjosture  in  Ijed  is  of  great  import- 
ance. If  the  I'espiratory  passages  are  clear  the  dorsal  position  with  the  head  on 
tlie  side,  and  one  shoulder  sHghtly  supported,  is  sufficient.  If,  however,  there  is 
an  excess  of  mucus  and  saliva  or  a  constant  fa'caloid  regurgitation,  the  lateral 
or  even  the  semi-prone  posture  will  be  necessary  in  order  to  provide  adequate 
op|)ortunity  of  escape.  During  the  act  of  vomiting  the  jaw  should  not  be  held 
forward,  as  this  tleprives  the  larynx  of  the  protection  of  the  epiglottis;  nor 
should  the  jaw  be  pressed  backward,  as  this  impedes  respiration;  the  patient 
should  be  allowed  to  vomit  by  himself,  the  only  interference  being  to  insure  an 
adeijuate  access  of  fresh  aii'  l\y  pulling  the  che(>ks  away  from  the  teeth  by  the 
finger  or  thumb  introduced  into  the  mouth. 

Covering  the  face  with  hot  towels,  then  drying  it  thoroughly  and  powder- 
ing it,  are  of  great  help  in  the  case  of  patients  recovering  from  ansesthesia. 
These  measures,  besides  tending  to  remove  the  oilor  of  the  antx'sthetic,  improve 
the  appearance  and  have  a  remarkably  stimulating  and  refreshing  effect. 

As  a  rule,  patients  recover  better  if  the  room  is  tlai'kened  and  kept  noiseless 
and  they  are  allowed  to  sleep.  All  conversation  shoukl  be  avoided  at  this 
time,  as  patients  who  are  apparently  unconscious  can  often  hear  and  understand 
and  are  correspondingly  distui-bed. 

Men  who  are  abusive  and  violent  and  women  who  are  hysterical  during  re- 
covery should  be  restrained  only  just  enough  to  keep  them  from  injuring  them- 
selves or  others,  and  they  should  be  spoken  to  as  little  as  possible,  as  argument 
and  persuasion  are  of  little  or  no  a^-ail. 

Morphine  should  not  be  given  until  consciousness  i.s  fully  regained.  If 
given  too  soon  it  delays  recovery  and  ])revents  the  proper  clearing  of  the 
respiratory  passages  by  ^'omiting  and  coughing.  It  may  also  depress  the 
respiration  to  an  alarming  degree,  as  its  action  is  intensified  by  ether  or 
chloroform. 

Post-anccsthetic  sickness  consists  of  varying  degrees  of  headache,  nausea, 
v^omiting,  and  thirst. 

As  a  rule,  after  nitrous  oxide,  ethyl  chloride,  or  somnoforme,  there  is  little 
or  no  sickness. 

After  ether  there  often  is  sickness  which  may  be  severe,  although  not  so 
severe  as  that  which  sometimes  results  from  chloroform. 

After  chloroform,  sickness  is  less  common  than  after  ether,  although  when 
it  does  occur  it  is  apt  to  be  more  severe. 

Much  can  be  done  by  a  proper  preparation  to  avoid  post-antesthetic  sick- 
ness. Careful  dieting  and  purging  l^efore  operation  are  important.  A  proper 
administration  of  the  ana?sthetic  will  also  tend  to  prevent  sickness.  Sickness 
after  ether  may  be  due  to  swallowing  ether-charged  mucus  and  saliva   or  to 
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overdosing:  after  chloroform  sickness  is  generally  due  to  an  uneven  anaesthesia 
or  to  overdosing.     These  things  will  not  happen  in  a  jiroper  administration. 

Many  things  have  been  tried  for  the  relief  of  nausea  and  ^•omiting. 

The  free  administration  of  water  by  mouth,  after  anaesthesia,  works  well 
in  some  cases. 

Washing  out  the  stomacli  before  and  after  antesthesia  may  be  tried  and  in 
many  cases  is  of  distinct  help.  It  should  be  done  with  warm  water  while  the 
patient  is  unconscious. 

Among  the  drugs  that  have  been  tried  with  varying  success  are: 

Chloretone:  vinegar  inhaled  from  a  gauze  sponge;  aromatic  spirits  of 
ammonia;  sodium  bicarbonate:  cerium  oxalate;  sips  of  hot  water  with  or 
without  sodium  bicarbonate;  sips  of  hot  coffee;  sips  of  cold  champagne  may 
be  tried. 

Generally  speaking,  the  best  way  of  avoiding  post-anaesthetic  sickness  is  as 
follows : 

A  gootl  preparation  of  the  patient  for  amrsthesia; 

A  skilful  administration  of  the  amrsthetic; 

Allowing  the  patient  to  "sleep  off"  the  anesthetic  in  an  absolutely  quiet, 
darkened  room,  with  plenty  of  fresh  air, — possibly  re-enforced  by  oxygen. 

Thirst  may  be  treated  by  allowing  sijis  of  the  above-mentioned  liquids  and 
by  the  administration  of  salt  solution  by  rectum.  Eight  ounces  every  three 
hours,  or  smaller  doses  more  frequently,  may  be  injected. 

Respiratory  disturbances  of  different  kinds  sometimes  follow  anaesthesia,  par- 
ticularly ether  anaesthesia.  These  arc  termed  generically  "ether  pneumonia," 
which  may  be : 

1.  A  diffuse  bronchitis,  which  is  usually  an  aggravation  of  an  already  exist- 
ing simple  bronchitis: 

2.  A  broncho-pneumonia,  usually  ilue  to  the  inhalation  of  mucus,  saliva, 
vomitus,  or  the  regurgitation  of  fa'caloid  material; 

3.  A  true  lobar  pneumonia,  usuall>-  due  to  sweating  and  subsequent  cliill- 
ing  dming  an  operation  performed  on  a  jmtient  whose  resistance  is  already 
lowered  by  shock,  hemorrhage,  or  sepsis; 

4.  A  pneumonia  of  embolic  origin,  usually  occuning  after  operation.  Such 
a  case  could  be  only  inchrectly  due  to  the  anaesthetic. 

The  prophylaxis  of  "ether  pnevmionia"  is  important. 

The  mouth,  nose,  and  throat  should  l3e  perfectly  clean  at  the  time  of  opera- 
tion. The  teeth  should  be  well  brushed  and  a  mouth  wash  and  gargle  shoukl 
be  used  before  the  anaesthetic  is  administered. 

A  skilful  administration,  in  which  no  excess  of  mucus  and  saliva  is  developed, 
and  in  wliich  a  small  quantity  of  the  ana?sthetic  is  used,  is  the  best  safeguard 
against  an  ether  pneumonia.  The  use  of  morphine  and  atropine  in  this  con- 
nection has  already  been  spoken  of.     Respiratory  complications  are  more  apt 


230  AMERICAN  PRACTICE  OF  SURGERY. 

to  follow  an  adininistration  of  ether  hy  the  opoii  or  soini-oiicn  inctluMl  tlian 
one  by  th(>  close  method. 

All  apparatus  should  he  srufiically  clean  hefoi'c  it  is  used. 

It  is  very  important  to  protect  the  patient  carefully  auainst  draughts  and 
cold  before,  duiing,  and  after  the  ana-sthesia. 

A  projjer  position  in  bed  during  recovery,  to  facilitate  projx'r  drainage  and 
the  coughing  up  of  mucus  and  saliva,  is  also  imporl.nnt. 

The  treatment  of  a  developed  "ether  pneumonia"  is  the  regular  medical 
treatment  of  bronchitis,  broncho-  or  loi)ar  jmeumonia. 

Renal  complications  following  ana'sthetics  ha\'e  ah'eady  been  spoken  of 
(page  226).  Transient  albuminuria  with  casts  is  not  uncommon  after  pro- 
longed inhalation  of  ether  or  chloroform.  Ibematui-ia  and  minary  suppres- 
sion have  sometimes  followed  ether  and  chloroform,  usually  after  severe  opera- 
tions. 

Glycosuria  sometimes  follows  the  administration  of  nitrous  oxide,  and,  ac- 
cording to  some  observers,  it  may  manifest  itself  after  the  use  of  chloroform. 
Cases  of  aciduria  (acctonuria)  are  repoi-fed  to  have  followed  the  inhalation  of 
ether  or  chloroform,  usuall}'  in  children.  Inasmuch  as  such  cases  have  been 
observed  to  develop  without  either  operation  or  anavsthesia,  it  is  hard  to  deter- 
mine to  just  what  extent  they  are  dependent  upon  aniesthesia.  In  a  series  of 
cases  analyzed  by  Brackett*  he  says:  "In  one  of  the  fatal  cases,  and  in  five  of 
the  milder  ones,  the  symptoms  came  on  without  operation  or  e^'en  amesthesia." 
He  concludes  that  "anaesthesia  alone  does  not  bring  on  the  condition,  or  at 
least  not  in  a  serious  form." 

The  prophylaxis  of  renal  complications  consists  of: 

1.  A  proper  preparation  of  the  patit'nt  without  excessive  deprivation  of  lic[- 
uids  before  ana'sthesia. 

2.  A  skilful  administration  of  the  anaesthetic,  as  small  a  ciuantity  as  possi- 
ble of  the  agent  being  used. 

3.  The  administration  of  liquids  by  mouth  during  or  in:imetliatcly  following 
anaesthesia. 

*  Boston  Med.  anil  Surg.  Journal,  July  7ih,  1904. 


THE  PRODUCTION  OF  LOCAL  ANAESTHESIA  FOR 
SURGICAL  PURPOSES. 

By    JAMES  F.  MITCHELL,  M.D.,  Washimjton,  D.  C. 


General  Considekatioxs. 

Although  local  antrsthesia  in  it.«  modern  sense  owes  its  first  application' 
to  an  American  surgeon  (Halsted),  yet  its  development  and  extended  use  in 
major  surgery  have  been  left  to  Euroijeans.  Whetlier  lack  of  jiatience,  time, 
and  inclination,  or  ignorance  of  modern  achvanced  methods  in  technirjuc,  is 
responsible  for  the  pessimistic  regard  in  which  it  is  held,  certainly  it  is  deserv- 
ing of  more  consideration  than  it  now  receives  as  a  substitute  for  general  nar- 
cosis in  a  host  of  minor  and  major  surgical  operations.  The  history  of  the 
search  for  a  local  means  of  rendering  surgical  procedures  painless  dates  back  to 
remotest  antiquity,  and  on  looking  through  the  medical  literature  of  past  cen- 
turies we  find  one  method  after  another  proposed,  tested,  and  then  cast  aside. 
Earliest  among  these  was  local  compression  by  means  of  a  tourniquet  or  a  pad. 
Then  came  the  application  of  cold  and,  following  this,  efforts  to  produce  local 
insensibility  by  means  of  various  substances  applied  to  the  surface  of  the  body, 
or  by  carrying  them  tlu-ough  the  unbroken  skin.  All  sorts  of  drugs  were  thus 
tried  and  sooner  or  later  abantloned.  A  new  field  was  opened  in  1853  by  the 
introduction  of  the  hyixiderniLc  syringe  by  Wood,  who  immeiliately  suggested 
its  use  for  the  injection  of  morphia  into  nerve  trunks  for  the  relief  of  neural- 
gia. The  introduction  of  cocain  in  1SS4  made  possible  modern  local  anaesthe- 
sia, and  its  immediate  adoption  and  practical  use  by  Halsted  stamp  him  as 
the  father  of  its  development.  Halsted's  work  was  soon  followed  by  the  papers 
of  Corning  in  1885  and  following  years.  Coming's  work,  overlooked  for  years 
alike  in  this  country  and  abroad,  was  later  repeated  by  European  investiga- 
tors. Since  then  the  development  of  local  methods  has  been  marked  by  im- 
portant observations  and  discoveries.  Most  striking  of  these  have  been:  The 
use  of  dilute  solutions  (Reclus  and  Schleich)  and  massive  infiltrations  (Matas); 
the  injection  of  nerve  trunks  (Crile,  Cushing,  Matas) ;  the  addition  of  adrenalin 
to  solutions  (Elsburg,  Barker) ;  the  use  of  intraspinal  injection  (Bier) ;  and  the 
introduction  of  new  and  less  toxic  drugs. 

For  practical  purposes  it  is  possible  to  produce  local  anaesthesia  by:  (1) 
Pressure,  (2)  cold,  or  (.3)  the  application  or  injection  of  drugs. 

(1)  Pressure. — Pressure  on  a  sensory  nerve  trunk  will  in  time  render  it 
anaesthetic  so  that  surgical  procedures  may  be  painlessly  carried  out  in  the 
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region  of  its  distribution.  Con.striction  of  a  linil)  was  hailetl  as  a  boon  in  prc- 
an.Tsthotic  days  for  the  relief  of  i>ain  during  anif)utations,  and  with  this  idea 
in  \-ie\v  \-arious  forms  of  tourni(|uets  with  jjressure  pails  were  tiied  and  dis- 
eardcd.  'I"hc  uneerlainty  of  the  anesthesia  and  the  length  of  time  necessary 
to  produce  it,  tlie  actual  ])ain  of  the  ]:)ressure  itself  and  the  danger  of  gangrene 
and  motor  pai-alysis  njniler  this  method  unsafe  and  impracticable.  It  has 
only  the  narrowest  application  in  slight  operations  on  the  fingers  and  toes. 

(2)  Cohl. — The  anaesthetic  jiroperties  of  cold  have  long  been  recognized, 
and  the  crude  method  of  placing  ice  about  the  field  of  operation  has  been  of 
no  small  value.  The  substitution  of  ether,  drop  by  drop  or  in  the  form  of  a 
spray,  was  an  advance:  and  at  the  present  time  the  ethyl-chloride  spray  repre- 
sents the  perfected  process.  It  acts  as  a  terminal  anaesthetic.  Its  application 
is  very  simple.  The  tube  is  held  at  some  distance  from  the  skin  and  the  small 
stream  of  ethyl  chloride  allowed  to  play  on  the  point  of  proposed  incision.  In 
a  few  seconils  the  pait  apjiears  frozen  and  is  thoroughly  ana>.sthetic.  The 
process  of  freezing  is  painful  and  later  there  is  also  considerable  pain  as  the 
circulation  is  restored.  Gangrene  of  the  skin  may  result  from  extensive  or 
prolonged  freezing.  Ethyl  chloride  apjilied  for  a  sufficiently  long  time  to  nerve 
trunks  causes  a  complete  blocking  of  conduction  of  sensation;  but  it  is  ques- 
tionable whether  many  patients  would  stand  the  pain  which  must  be  endured 
before  this  ]3oint  is  reached.  The  anaesthesia  is  superficial  and  it  is  impossible 
to  differentiate  frozen  tissues;  hence  its  practical  application  is  confined  to 
small  operations  such  as  punctures,  or  the  incision  of  furuncles  and  small  ab- 
scesses. Even  here  the  use  of  cocain  is  more  comfortable  and  more  effectual. 
Cold  and  pressure,  as  such,  have  then  a  very  narrow  field  of  usefulness,  but  as 
aids  to  the  production  of  anaesthesia  by  meant.;  of  drugs  they  are  valuable. 

(3)  Ajiplication  or  Injection  of  Drugs. — There  are  now  known  a  great  num- 
ber of  substances  which,  applied  to  mucous  surfaces  or  injected  into  tissues, 
render  them  anaesthetic.  The  fir.st  of  these  to  be  used  was  cocain,  and,  speak- 
ing generally,  it  is  still  the  best.  The  action  of  these  substances,  the  methods 
of  application,  the  aids  to  their  local  action,  and  the  prevention  of  their  toxic 
effects,  with  the  study  of  the  surgical  procedures  for  which  they  can  be  util- 
ized, will  be  considered  in  the  following  pages.* 

An-esthetizixg  Substances. 

(1)  Cocain. — Cocain,  like  all  substances  used  to  produce  local  anaesthesia, 
is  a  protoplasmic  poison.  In  the  earl)^  days  of  its  use  many  cases  of  severe 
and  even  fatal  poisoning  were  reported,  occasioned  by  the  concentrated  solu- 

*  The  most  comprehensive  and  thorough  work  on  the  subject  of  local  anaesthesia  is  by  H. 
Braun,  of  Leipsic  (1905).  In  this  work  will  be  found  a  complete  resume  of  the  literature,  with 
instructive  diagrams  and  illustrations  and  minute  details  ot  the  operative  procedures.  The 
■writer  has  drawn  freely  upon  it  in  the  preparation  of  this  article. 
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tions  then  in  vogue.  Cocain  forms  with  protoplasm  an  unstable  combination, 
which  (lisiiitogratcs  slowly,  when  the  ti.ssues  are  able  to  return  to  their  previ- 
ous condition  anel  function.  The  various  tissues  tiiffer  in  the  readiness  with 
which  they  enter  into  this  combination,  the  brain  and  central  nervous  system 
being  most  susceptible, — hence  in  cocain  poisoning  the  cluef  sjTriptoms  are  ref- 
eraliic  to  the  central  nervous  system.  Sensory  nerves  are  acted  upon  more 
readily  than  are  motor.  The  mildest  symptom  of  poisoning  is  slight  dizziness; 
and  from  this  there  are  all  grades  leading  to  collapse,  convulsions,  and  death. 
As  poisoning  is  due  to  absorption  from  the  local  site  of  application  we  should 
take  every  precaution  to  prevent  this.  Cocain  which  has  exerted  its  anjesthetic 
action  is  held  in  combination,  and  cannot  be  absorbed  into  the  circulation, 
nor  can  it  be  recovered  from  the  tissues  as  cocain.  It  is  the  excess  over  the 
amount  which  the  tissues  can  thus  take  up  to  which  poisoning  is  due.  The 
toxic  dose  varies  with  the  method  of  administration.  Intravenously,  it  is 
stated  to  be  2  mgm.  (tw-o  grain).  Subcutaneously,  the  maximal  dose  is  given 
as  50  mgni.  (J  grain).  If,  however,  dilute  solutions  are  used,  or  absorption 
is  prevented  or  delayed,  by  interrujition  of  the  blood  stream  by  means  of  a 
tourniquet  or  by  adrenalin,  mucli  lai-ger  amounts  can  be  safely  administered. 
Poisoning  is  rare  when  the  precautions  mentioned  are  observed.  Solutions  of 
cocain  are  more  or  less  unstable  chemically,  antl  are  weakened  or  destroyed  by 
jirolonged  or  repeated  boiling.  The  methods  of  preparation  of  solutions  will 
be  given  later. 

Numerous  substances  have  been  recommended  as  substitutes  for  cocain. 
Most  important  among  these  are  tropococain,  eucain,  akoin,  nirvanin,  and 
stovain. 

(2)  Tropococain. — Tropococain  fiiiius  more  stable  solutions  than  cocain, 
and  these  solutions  stand  boiling  without  decomposition.  It  is  also  less  toxic 
than  cocain,  but  the  anesthesia  produced  by  it  is  less  lasting.  A  dose  of  200 
mgm.  in  weak  .solutions  (one-half  to  one  per  cent)  is  harmless. 

(3)  Eucain  B. — Eucain  B  in  solution  also  stands  boiling.  Very  weak 
solutions  are  effective.  The  duration  of  its  anaesthesia  is  less  than  is  that  pro- 
duced by  cocain.  It  is  one-third  or  one-fourth  as  toxic  as  cocain,  and  this 
fact,  together  with  its  cheapness,  makes  it  one  of  the  best  of  substitutes;  it  is 
by  many  preferred  to  cocain.     It  is  used  in  solutions  of  the  same  strength. 

(4)  Akoin. — Akoin  produces  ana-sthesia  more  slowly  than  does  cocain  in 
solutions  of  the  same  strength,  but  the  aneesthesia  lasts  longer.  Its  toxicity 
is  less  than  that  of  cocain;  but  on  account  of  its  cumulative  action,  it  is  actu- 
ally more  dangerous.  Its  maximal  dose  is  given  as  25  mgm.  In  strong  so- 
lutions Cabove  one-half  to  one  per  cent)  it  causes  grave  tissue  injuries.  The 
difficulty  in  preparing  solutions,  and  their  imstability,  make  the  drug  of  little 
use  in  practice. 

(5)  Stovain. — Stovain  is  chief!}'  useful  for  s])inal  ana'sthesia.     It  can  be 
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sterilized  by  boiling.  It  is  less  poworful  as  a  local  anspsthotic  and  less  lasting 
in  its  action  than  cocain.  Its  maximal  dose  is  200  nigm.  The  ordinary 
strength  of  solution  used  is  one-half  to  one  pec  cent. 

(6)  Magnesium  Suljihatc. — Magnesium  sul|ih;itc  has  been  i-eceiitly  sug- 
gested by  Meltzer  for  tlie  production  of  local  antl  genei-al  anu'sthesia  by  intra- 
spinal injection.  It  has  been  shown  that  60  mgni.  jjcr  kilogram  body  weight 
will  produce  a  complete  motor  and  sensoi-y  jiaralysis.  After-effects  are  con- 
stant and  ti()ul)lesome.  A  very  small  dose  j)roves  fatal  intravenously  and 
large  intraspinal  doses  produce  death  by  paralj'sis  of  respiration.  It  should, 
therefore,  be  used  with  the  greatest  caution  and  does  not  seem  to  po.sse.ss  any 
advantages  over  cocain. 

Aids  to  Ax.esthesia. 

The  three  great  aids  to  the  production  of  local  ana'sthesia  antl  the  preven- 
tion of  toxic  effects  are:  (1)  Constriction  with  a  bandage  to  obstruct  the  cir- 
culation ;  (2)  the  application  of  cold ;  and  (3)  the  addition  of  the  adrenal  prepa- 
rations to  ana>sthetizing  solutions. 

(1)  Constriction. — An  ana'sthetizing  substance  acts  much  more  powerfully 
if  the  blood  stream  is  interrupted,  because  it  is  then  retained  at  the  point  of 
injection.  More  of  the  substance  enters  into  local  proto])lasniic  combination, 
antl  there  is  less  to  be  absorbed  when  circulation  is  restored.  The  parts  re- 
main anesthetic  as  long  as  constriction  is  maintained,  and  thus  the  duration 
of  the  ana'sthesia  can  be  greatly  prolonged. 

(2)  Cooling  the  injected  area  by  means  of  the  ethyl-chloride  spray  acts  in 
a  similar  manner,  by  constricting  the  blood-vessels,  decreasing  absorption,  in- 
creasing local  action  of  the  drug,  and  increasing  the  duration  of  anaesthesia. 

(3)  Adrenalin  (epinephrin  or  suprarenalin)  ■\\'as  first  prepared  in  1901  in 
pure  form.  It  is  a  peripheral  vaso-constrictor.  Solutions  of  the  strength  of 
1:1,000,000  will  produce  a  local  ischa^mia.  Added  to  anaesthetizing  solutions 
it  thus  has  the  same  effect  as  constriction  or  cold.  It  is  the  most  valuable  aid 
to  local  anff.sthesia  and  the  best  prophylactic  against  poisoning,  and  is  also  of 
great  assistance  in  providing  a  more  or  less  bloodless  field  of  operation.  It, 
hke  cocain,  is  destroyed  in  the  tissues  after  its  action  is  exerted.  The  maxi- 
mal dose  is  fifteen  drops  of  the  1 : 1,000  solution,  which  is  the  ordinary  commer- 
cial strength. 

Prep.'^-R.a.tion  of  Solutions. 

It  was  no'ted  by  Halsted  and  his  follo\\ers  that  water  forcibly  injected  into 
the  skin  would  rentier  it  anaesthetic  for  a  short  time.  This  anaesthesia  is  due 
to  distention  alone,  and  has  been  designated  "ana-sthesia  dolorosa,"  because 
it  is  ana'sthesia  obtained  at  the  expense  of  pain.  The  pain,  in  this  instance,  is 
due  to  the  difference  in  osmotic  pressure  between  water  and  the  fluid  of  the 
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body  tissues.  Fluids  which  arc  isotonic  with  l)lood  cause  no  pain  when  injected 
into  tlie  skin,  while  the  injection  of  fluiils  of  greater  or  less  osmotic  pressure 
than  the  blood  is  painful.  Hence  it  is  important  to  have  the  solution  used 
for  obtaining  local  ana?sthcsia  isotonic  with  the  blood.  Isotonic  aqueous  solu- 
tions of  cocain  or  its  substitutes  alone  would  contain  a  })i-ohibitivcly  high  per- 
centage of  the  anaesthetizing  substance.  The  deficiency  in  the  anaesthetic  in 
solutions  of  appropriate  drug  content  is,  therefore,  made  up  by  the  addition  of 
soiliimi  chloride.  For  practical  purpo.scs,  spinal  ana>sthesia  being  left  out  of 
considcratiiin  for  the  moment,  the  two  following  solutions,  as  reconnnended  by 
Braun.  are  sufficient: 

A.  Cocain  hytlrnchlorate   0.1  gm.  (1.5  grain) 

Physiological  salt  solution  (,",^''0) 100  c.c. 

Adrenalin  (1 :  1,000) 5  drops 

B.  Cocain  hvdrochlorate 0.05  gm.  (0.75  grain) 

Physiological  salt  .solution 5  c.c. 

Adrenalin   (1 :  1,000) 10  drops 

Fonmila  A  thus  represents  a  1:  1,000  cocain  solution,  and  may  be  further 
diluted  willi  normal  salt  solution  where  large  amounts  arc  to  be  injected,  as  in 
the  massive  infiltrations  of  Matas,  or  in  extensive  or  prolonged  operations 
according  to  the  method  of  Schleich.  The  .solutions  recommended  by  Schleich, 
containing  morphia  in  addition  to  cocain  and  salt,  are  not  isotonic  with  the 
tissue  fluids  and  are,  therefore,  not  to  be  recommended.  Solution  A,  as  such,  or 
diluted,  is  nmch  to  be  preferred.  Morphia  is  nuich  better  given  before  the 
operation,  or  after\\'ard  in  case  of  restlessness. 

Formula  B  is  a  one-per-cent  solution  of  cocain,  and  this  likewise  may  be 
diluted  as  desired  with  normal  .salt.  The  total  amount  of  cocain  in  the  for- 
nnilae  given  abo\T  may  all  be  used  with  safety  in  a  single  operation. 

Eucain  B  may  be  prepared  in  the  same  dilutions,  and  larger  amounts  of 
these  can  be  used  at  one  time.  Eucain  solutions  can  be  boileJ  and  will  remain 
fairlj-  unchanged.  Cocain  solutions,  on  the  other  hand,  should  be  freshly 
prepared.  The  ideal  method  is  that  used  by  Braun,  who  has  prc])ared  tablets 
containing  the  above  proportions  of  cocain  and  suprarenahn.  The  tablets 
are  sterilized  by  dry  heat  at  80°  C.  for  an  hour  on  three  successive  days,  and 
are  to  be  dissolved  in  sterile  normal  salt  solution  inmiediately  before  the  opera- 
tion. I  have  in  the  ia.st  year,  through  Parke,  Davis  &  Co.,  been  able  to  have 
these  tablets  duplicated,  and  have  found  them  most  satisfactory.  There  are 
also  on  the  market  many  tablets  containing  cocain  alone  or  in  cond^ination 
with  adrenalin,  and  I  can  recommend  the  following  method  of  sterilization  as 
having  i^roven  most  satisfactory.  The  cocain  tablets  (or,  in  their  absence,  a 
measured  amomit  of  cocain  powder)  are  placed  in  small  vials,  each  containing 
a  single  tablet.  The  A-ials  arc  plugged  with  cotton,  the  mouth  of  each  via 
protected  with  a  hood  of  gauze.     These  are  sterilized  by  dry  heat,  as  above, 
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and  may  bo  ko]>t  ready  for  use.  Iiniiiodiatcly  before  ojjeration  a  tablet  is  dis- 
solved in  the  jjroper  amount  of  sterile  normal  salt  solution,  and  the  adrenalin 
atided  dio]!  by  drop  to  the  required  amount. 

For  small  o])erations,  where  the  amount  to  be  used  is  not  large,  it.  may 
be  more  convenient  to  have  the  .solution  ready  prepared,  and  for  such  cases  it 
is  best  sterilized  in  an  autoclave  for  twenty  minutes  at  115°  to  120°  C.  Co- 
cain  solutions  .stand  this  .sterilization  very  well.  I  have  found  it  very  con- 
venient to  have  small  l:)ottles  prepared.  Each  bottle  is  loo.sely  corked,  and 
over  the  cork  is  a  large  hood  of  cotton  and  gauze  .secured  by  a  string  about  the 
neck  of  the  bottle.  The  bottles  are  sterilized  in  the  autoclave  and,  after  re- 
moving, the  cork  can  be  pushed  in^tight  by  seizing  it  through  the  hood,  thus 
having  the  bottle  tightly  closed  with  a  sterile  cork.  Solutions  prepared  in  this 
way  may  be  kept  for  .some  time,  but  cannot  Ijc  relied  upon  for  extensive  ojjera- 
tions.  A  small  amount  of  cocain  solution  may  be  boiled  once,  just  before  use, 
without  deterioration,  in  ca.se  of  emergency. 

Methods  of  Application. 

(1)  Surface  Application. — Ana?sthesia  can  be  produced  by  applying  cocain 
in  strong  solutions  to  mucous  membranes  by  means  of  the  spray  or  the  mop. 
Its  use  in  this  way  is  confined  to  special  branches  of  surgery:  Laryngology, 
ophthalmology,  etc.     Solutions  of  ten-per-cent  concentration  are  used. 

(2)  Infiltration. — This  method,  popularized  by  Reclus  and  Schleich,  has 
been  modified  by  Matas  and  Braun.  Acconhng  to  Schleich,  the  skin  is  to  be 
ana'sthetized  by  producing  a  distention  wheal,  being  a  physical  as  well  as  a 
chemical  method.  After  this  the  tissues  are  injected  as  encountered,  the  ob- 
ject of  the  procedure  being  to  bring  the  solution  in  contact  with  all  parts  of 
the  field  of  operation,  special  attention  being  paid  to  nerves,  blood-vessels,  and 
connective-tissue  bundles.  Matas  accomplishes  the  same  purpose  by  forcing 
into  the  parts  large  amounts  of  a  very  tlilute  solution,  by  means  of  air  pressure, 
with  a  specially  devised  instrument.  Braun  aims  so  to  distribute  a  weak  so- 
lution in  the  subcutaneous  tissue  as  to  anaesthetize  the  nerves  before  they  reach 
the  skin,  thus  bringing  about  a  more  extensive  amr.sthesia  and  making  unneces- 
sary the  production  of  a  wheal  along  the  line  of  incision.  In  the  deeper  parts 
his  object  is,  by  using  several  points  of  injection,  to  distribute  the  solution  about 
the  nerves  supplying  the  field  of  operation.  The  advantages  of  this  method 
are  that  a  wider  area  is  ana?sthetized,  iiermitting  better  retraction  and  expos- 
ure, and  that  the  anaesthesia  is  of  greater  duration.  Braun's  idea  is  that,  by 
waiting  a  few  minutes  from  the  time  of  injection,  we  may  have  the  whole  field 
of  operation  anaesthetic  before  the  operation  is  started. 

(3)  Nerve  Blocking. — Nerve  blocking  may  be  accomplished  by  endoneural, 
perineural,  or  spinal  injection, 

Perineural  Injection. — Perineural  injection  was  first  performed  by  Halsted 
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on  the  inferior  dental  nerve  for  the  painless  extraction  of  teeth.  If  an  anirs- 
thetizing  solution  is  introduced  about  a  nerve  trunk,  the  nerve  in  a  certain 
length  of  time  is  acted  upcm  hy  the  anaesthetizing  substance,  so  that  it  no  longer 
transmits  sensations.  Naturally,  the  time  required  and  the  completeness  of 
the  block  depend  upon  the  size  of  the  nerve  trunk,  the  thickness  of  its  sheath, 
and  the  strength  of  the  ana:"sthctizing  solution  used,  ^heathless  nerves  within 
the  spinal  canal  are  most  readily  affected;  and  in  the  subcutaneous  tissue,  just 
before  tlie  nerves  undergo  their  final  division,  they  offer  a  good  fiekl  for  the 
application  of  the  method.  For  large  nerve  trunks,  such  as  the  ulnar,  a  solu- 
tion of  cocain  one-half  to  one  per  cent  in  salt  solution,  with  the  addition  of 
adrenalin,  is  most  satisfactory,  while  in  the  subcutaneous  tissue  a  one-tenth  or 
two-tent hs-per-cent  solution  suffices. 

Endoneural  Injection. — Endoneural  injection  owes  its  introduction  and  de- 
velopment to  Crile,  Cushing,  and  Matas,  and  by  its  intelligent  application  the 
possibilities  of  local  auirsthcsia  are  enormously  increased.  Superficial  nerves, 
such  as  the  ulnar  at  the  elbow,  may  be  reached  without  incision;  but  ordinarily 
the  ner^•c  must  be  first  exposed.  The  needle  is  then  thrust  directly  into  its 
substance,  and  the  solution  (one-half  to  one-per-cent  cocain  or  eucain)  injected 
until  the  nerve  appears  swollen  and  cedematous.  Almost  instantly  the  whole 
area  of  its  distribution  is  rendered  anaesthetic  and  ready  for  the  painless  exe- 
cution of  any  surgical  procedure.  The  nerve  conduction  is  perfectly  blocked, 
and  undoubtedly  there  is  less  shock  in  dividing  a  nerve  which  has  been  so 
injected,  even  though  the  operation  is  performed  under  general  narcosis. 
(Cushing.) 

Indic.\tioxs  ,\\d  Coxtra-indications. 

The  large  number  of  new  methods  of  producing  general  narcosis  speaks  for 
the  want  of  a  perfectly  safe  one,  and  it  cannot  be  denied  that  even  when  their 
use  is  in  the  most  experienced  hands  there  still  remains  a  certain  justified  dread 
of  them  all.  That  local  anaesthesia  is  not  more  generally  employed  can  be  as- 
cribed partly  to  lack  of  time  and  patience  on  the  part  of  operators  and  partly  to 
their  inexperience  in  its  use.  The  old  danger  from  strong  solutions  in  the  early 
days  of  cocain  has  not  been  forgotten,  and  this  memory  is  partly  responsible 
for  neglect  of  the  local  method.  With  the  modern  use  of  weak  solutions  and  the 
aids  to  local  ana?sthesia,  this  objection  can  no  longer  be  urged.  Local  ana?s- 
thesia  offers  little  or  no  danger  to  life.  AMiile  no  absolute  rule  can  be  laid 
down,  it  may  well  be  said  that  where  the  field  of  operation  can  be  matle  pain- 
less and  the  operation  itself  can  be  as  well  performed  under  local  as  midcr 
general  anesthesia,  the  former  should  be  the  method  of  choice.  Many  minor 
procedures,  such  as  exploratory  punctures,  the  opening  of  furuncles,  etc.,  ordi- 
narily done  without  anirsthesia,  can  be  carried  out  more  thoroughly  and  with 
vastly  more  comfort  to  the  patient  with  the  aid  of  local  anaesthesia.     In  con- 
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ilitioiis  wlu'i'c  skilled  nssislaiico  is  not  at  liaiiil,  n]iciatii>iis  otherwise  iinpcjssi- 
l.)le  can  lie  thus  accoinplishcil.  With  jiatirnts  in  a  state  of  fjreatly  lowereil 
vitality,  fjeneral  ana'sthcsia  in  itself  may  be  enoufili  to  turn  the  seale  down- 
ward. Ivxperiencc  shows  that  local  anaesthesia  docs  not  have  the  same  dc- 
Ijrcssing  effect  as  a  general  narcotic,  and  therefoi'c  haste  in  the  operation  is 
not  so  essential.  Wh(>re  general  ana-sthesia  is  absolutely  contra-indicated, 
operations  may  be  perfomied  under  local  anaesthesia  with  no  ajiparent  change 
in  the  patient's  general  condition.  If  it  is  impossible  to  obtain  perfect  local 
anrpsthesia,  great  benefit  can  be  derived  froni  Cushing's  "  morjihia-cocain- 
chloroform"  combination,  by  tiding  over  with  a  few  whiffs  of  chloroform  the 
painful  stages,  without  reaching  tlie  point  of  general  narcosis.  We  have  almost 
without  excejition  observed  that  general  nai-cosis  thus  added  to  local  ana'sthesia 
is  not  only  w-oll  borne,  but  that  the  iiatient  yields  more  readily  to  the  general 
anaesthetic;  and  where  complete  narcosis  is  reached,  it  is  obtained  with  a 
smaller  amount  of  the  anesthetic.  An  advantage  often  of  impoi'tance  is  the 
avoidance  of  the  after-effects  of  general  narcosis,  and  the  strain  on  sutures  con- 
sequent to  vomiting.  Earlier  admini.stration  of  nourishment  is  possible  and 
undoubtedly  the  danger  of  i)ost-operative  jmeumonia  and  renal  insufficiency  is 
lessened.  In  children  and  in  very  neurotic  individuals  local  anaesthesia  is,  as  a 
rule,  imjiracticable;  and  in  operations  for  extensive  malignant  growths  or  where 
complete  muscular  relaxation  is  essential,  it  is  absolutely  contra-indicated. 

General  Prepar.^tions  and  Technique. 

The  general  preparation  of  the  patient  in  extensive  operations  should  be 
practically  the  same  as  foi-  narcosis,  except  that  a  glass  of  milk  or  a  cup  of 
coffee  (when  not  contra-indicated  by  the  nature  of  the  opei-ation)  may  be 
taken  a  few  hours  beforehand.  The  patient  should  be  in  a  quiet  frame  of 
mind,  and  an  excellent  procedure  is  to  give  a  small  dose  of  morphia  (f  to 
i  gr.  hypodermically)  an  hour  before  the  operation.  The  table  should  be 
arranged  with  a  comfortable  pad,  and  the  utmost  quiet  and  oider  should  be 
maintained  in  the  room.  All  instruments  and  preparations  should  be  as  much 
as  possible  hidden  from  the  patient's  sight.  It  is  of  the  utmost  importance 
that  the  operator  have  the  confidence  of  his  patient.  Of  great  assistance  is 
the  so-called  "moral-antesthetist,"  who.se  duty  is  to  record  the  pul.se  and  to 
entertain  the  patient,  and  thus  to  distract  his  attention  from  the  operation 
itself.  An  operator  unaccustomed  to  an  accomplished  assistant  of  this  type 
cannot  realize  his  true  value.  An  occasional  sip  of  water,  a  whiff  of  aromatic 
ammonia,  or  a  reassuring  remark  maj'  tide  over  an  important  moment  in  the 
accomplishment  of  some  oj^erative  procctlure.  The  imi)ortance  of  psychical 
pain  should  not  be  underestimated.  There  can  be  no  exact  criterion  for  the 
estimation  of  pain.  It  undoubtedly  differs  in  individuals  and  varies  with  race, 
culture,  intelligence,  and  mental  condition.     The  success  of  local  anaesthesia 
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in  Germany  may  be  in  part  ascribed  to  the  phlegmatic  nature  of  the  subjects. 
IntelHgent  persons  give  less  expression  to  pain  than  do  the  weak  and  ignor- 
ant; old  persons  less  than  the  young;  country  peoi)le  less  than  dwellers  in  the 
cities.  Fear  of  pain  or  its  expectation  undoubtedly  increases  its  intensity. 
Sensibility  to  pain  differs  in  different  organs,  and  in  the  skin  itself  some  parts 
are  much  more  sensitive  than  others.  8ulicutaneous  tissue  has  no  intrinsic 
sensation,  liut  carries  the  nerves  to  the  skin.  Muscles  and  tentlons  likewise 
are  sensitive  only  in  their  sheaths  antl  connective-tissue  lamellte.  Periosteum 
is  exquisiteh'  sensitive,  but  bone  has  little  sensation.  Joint  capsules  and  .syno- 
vial membranes  are  very  sensitive,  while  cartilage,  like  bone,  has  ht tie  sensation. 
In  general,  all  organs  innervated  by  spinal  nerves  are  sensitive,  while  those 
supplieil  by  the  sjnnpathetic  system  are  not.  Success  in  operating  depentls  in 
great  measuie  on  knowledge  of  the  location  and  distribution  of  sensory  nerve 
trunks.  Each  tissue  must  be  cautiously  approached,  and  special  attention 
should  be  paid  to  connective-tissue  bundles,  blood-vessels,  and  other  probable 
courses  of  nerve  fibres.  The  accidental  clami)ing,  traction,  or  division  of  an 
imantpsthetized  nerve  trunk  in  the  early  stages  of  an  operation  may  render 
its  completion  under  local  ana>sthesia  impossible.  Haste  is,  therefore,  to  be 
avoided.  Circat  care  should  Ijc  given  to  the  placing  of  retractors  and  to  the 
force  exerted  upon  them,  traction  on  unantesthetized  tissues  being  avoided. 
Sponging  of  the  wound  should  be  accomphshed  with  the  same  eml  in  view. 
An  awkward  or  rough  assi-stant  may  interfere  greatly  with  the  comfort  of  the 
operation.  Success  increases  with  experience.  In  my  first  two  typhoid  per- 
forations I  felt  obliged  to  resort  to  general  anaesthesia  for  the  completion  of  the 
operation.  In  later  cases  I  have  been  able  to  carry  out  every  detail  under  local 
an;e.sthesia — an  ability  due  entirely  to  experience  and  consequent  acquaintance 
with  the  painful  procedures  which  may  be  avoided.  Much  depends  upon  the 
character  of  the  ojierator  himself .  Not  every  good  surgeon  can  work  successfully 
with  local  aniBsthesia.  Often  his  whole  style  of  operating  must  be  changed.  As 
^latas  puts  it,  "where  impatient  spectators  are  looking  for  brilliant  and  rajiid 
work,  local  anaesthesia  can  never  take  a  strong  hold."  Operations  necessarily 
consmne  more  time,  and  great  patience  and  self-control  arc  recjuiretl.  Good 
s\Tinges  and  needles  are  a  necessity.  I  have  found  two  sizes  of  syringes  suf- 
ficient, and  have  no  fault  to  find  with  the  ordinary  steel  needles.  The  syringe 
most  frequently  used  is  the  ordinary  hypodermic  syringe,  with  glass  barrel  and 
asbestos  packing,  holding  about  3  c.c.  The  other  is  like  that  ordinarily  used 
for  the  administration  of  antitoxin,  likewise  with  asbestos  packing,  and  hold- 
ing 10  c.c.  With  the  larger  pressure  apparatus  used  by  Matas  I  have  had  no 
experience,  but  where  a  large  amount  of  solution  is  to  be  injected  it  M-ill  un- 
tloubtedly  save  time.  The  syringes  mentioned  may  be  boiled  in  plain  water 
without  soda.  A  valuable  point  in  the  cai'c  of  syringes  is  to  see  that  they  are 
thoroughly  dried  after  use,  and  then  a  few  drops  of  castor  oil  drawn  into  the 
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barrel  will  keep  the  i)ackinfi  tight  und  the  8yringe  in  good  working  condition. 
Needles  of  several  sizes  should  be  at  hand,  and  it  is  wise  to  be  sure  that  their 
lumens  arc  patent  and  the  syringe  in  good  working  ordei'  before  beginning  the 
operation. 

The  general  iMineiples  of  the  different  methods  have  been  given.  The  se- 
lection of  a  method  for  a  particular  case  depends  u\nm  the  individual  opera- 
tion antl  the  preference  of  the  operator.  The  best  results  are  often  obtained 
by  a  comliination  of  methotls.  Infiltration  according  to  Schleich,  diffusion  or 
perineural  injection  of  Braun,  may  in  one  operation  be  conibintHl  with  the 
injection  of  nerve  trunks  according  to  Crile,  Cushing,  and  Matas,  or  all  of  these 
may  be  supplemented  by  the  achninistration  of  small  amounts  of  a  general 
ansesthetic. 

Speci.\l  Application. 

Skin. — The  line  of  incision  should  be  exactly  determined  upon  before  be- 
ginning the  injection.  Upon  a  careful  and  complete  ana-sthesia  of  the  skin 
may  depend  the  success  of  the  operation.  According  to  the  method  of  Schleich, 
the  skin  is  independently  (Figs.  88  and  89)  ana?sthetized.     A  point  on  the  line 


Fig.     SS. — Anjpsthetization  of  tlie  Line  of  Skin  Incision  by  the  Production  of  a  Wheal. 

Reclus.) 


(After 


of  incision,  preferably  at  one  end,  is  selected,  and  the  skin  pinched  up  between 
the  thumb  and  finger.  Into  this  the  needle  is  quickly  thrust  just  deep  enough 
to  bury  its  bevelled  point.  The  solution  is  then  slowly  injected  till  a  wheal 
is  formed,  when  the  needle  is  pushed  along,  keeping  its  point  behind  the  for- 
ward edge  of  the  wheal.  The  subsequent  introductions  of  the  needle  are  made 
in  the  anfesthetic  wheal,  so  that  the  first  needle  prick  may  be  the  only  painful 
procedure.     Braun  holds  the  independent  anaesthetizing  of  the  skin  to  be  un- 
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necessary.     According;  to  his  method  the  hne  of  incision  is  marked  bj'  the  for- 
mation of  a  small  wheal  at  either  end,  or  at  several  points  in  a  circular  incision. 


Fig.  so. — Showing  Subsequent  Injections  Made  within  the  Border  of  t lie  Wheal  Produced  in 

Fig.  SS.      (After  Reclus.) 


(Fig.  90.)  Through  this  wheal  the  needle  is  thrust  directly  into  the  subcutane- 
ous tissue,  and  by  introducing  the  needle  in  different  directions  the  Huitl  is  dis- 
tributed through  a  wide  subcutane- 
ous area,  thus  blocking  the  ner\-cs  be- 
fore they  reach  the  skin.  Through 
the  same  points  the  tleeper  tissues 
can  be  injected  in  a  similar  man- 
ner. (Fig.  9L~i  This  deep  injection 
should  be  maele  slowly  in  order  to 
allow  the  solution  gradually  +o  dif- 
fuse itself,  as  rapitl  distention  cau.ses 
pain  l)y  pressure  on  uiiaiuesthetized 
nerves.  The  pressure  apparatus  of 
Matas  does  away  with  the  necessity 
of  remo\-ing  the  needle  in  order  to 
refill  the  syringe. 

Heoil. — iluch  of  the  difficulty 
previously  encountered  in  the  appli- 
cation of  local   anaesthesia   to   the 

surgery  of  the  head  and  neck,  because  of  inability    to    confine  the  anesthe- 
tizing fluid,  has  been  overcome  by  the  introduction  of    adrenalin.     With  an 
vol..  IV.  — 16 


Fig.  90. — .\na'sthetization  of  Skin  by  Subcutaneous 
Injection,  Showing  the  Wide  Area  of  Distribution 
through  Two  Injection  Points,      (.\fter  Braun.) 
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intimato  knowlcduc  of  tlic  iutvc  siipi)ly  and  siH'cial  attention  to  tlic  regions 
of  nerve   trunks,  many  opei-alions   previously   I'lMiuirin.n  general    narcosis  may 


%^ 

^U^ 

<-''"' 

^ 
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Fig.  91. — Injection  of  t lie  Deeper  Struct\ires  tlirough  tlie  Sanip  Points  as  in  Fig.  90.  The  arrows 
represent  the  needle  passing  in  various  directions  tlirougli  skin,  .subcutaneous  tissue,  and  muscle,  to 
the  periosteum.      (After  Braun.) 

be  (lone  with  coeain,  as  is  well  illustrated  by  a  reported  case   of  Matas,  in 
which   he    partially  excised   both   ui)]ier  maxilla'  and  the   entire  hard  palate 

undei'  regional  anesthesia.  The 
nerve  supply  (jf  the  sca/p  fFig. 
02),  with  that  of  the  underlying 
fascia  and  periosteum,  comes  from 
lielow,  so  that  lai-ge  areas  may 
be  made  ana'sthetic  by  injecting 
subcutaneous  cross  strips  below 
the  proposed  seat  of  operation, 
thus  blocking  the  nerve  supi)ly. 
A  cross  strip  of  sulicutaneous  in- 
jection with  1:1,000  cocain  with 
adrenalin  above  the  supraorbital 
ridge  (Fig.  93)  renders  ana?sthetic 
the  whole  central  portion  of  the 
I'oreheatl.  Sebaceous  cysts  and 
other  tumors  can  be  removed  in 
this  way,  or  with  ease  by  simple 
or  massive  infiltration,  or  by  cir- 
cular injection  blocking  the  nerve 
supply  on  all  sides.  In  the  same 
way  scalp  wounds  can  be  repaired 
antl  even  the  cranial  vault  and 
for  the  bone,  dura,  anil  lirain  cortex  have 


Fig.  92. — Nerve  Suppl>'  of  Face  and  Scalp  from  the 
Cervical  Plexus  and  Trigeininal  Nerve.  1,  N.  fron- 
talis; 2,  n.  supraorbitalis;  3.  n.  zygomatico-temporalis 
(trigeminus  II);  4,  n.  auriculo-temporalis  (trigeminus 
III);  5,  n.  auricularis  magnus;  6,  n.  occipitalis  minor: 
7,  n.  occipitalis  major;  8,  n.  su]>ra-  and  intra-trochlea- 
ris;  9,  n.  infraorbitalis;  10,  ramus  nasalis  ext.  nervi 
ethmoidalis;    11,  n.  mentalis.      (After  Braini.) 


the   brain   itself   can   be  reached 
no  intrinsic  innervation. 

Plastic  operations  about  the  ear,  mouth,  and  face  offer  a  satisfactory  field 
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Ik;.  'S3. — Showing  the  Area  of  Ancestlicsia  I'ro- 
duced  by  a  Cross  Strip  of  Subcutaneous  Injection 
al)ove  tlie  Supraorbital  Ridge,  Bloclving  the  Nerve 
Supply  from  Hi-low.      (After  Braun.) 


for  the  various  local  methods.  .Miiuitc  details  of  these  operations  are  given 
l)y  Braun.  Carcinomata  of  the  lips  can  he  readily  removed  by  sunple  infil- 
tration, and  I  have  repeatedly  excised  their  respective  glandular  areas  in  the 
same  way;  but,  where  an  indetinite 
or  extensive  dissection  is  to  be  made, 
narcosis  is  indicated. 

Fractures  of  the  lower  jaw  can  be 
painlessly'  wired  by  carrying  tlie  in- 
jection down  to  the  periosteum  on 
each  side  of  the  fracture.  The  infe- 
rioi-  dental  nerve  may  be  injected  in 
its  canal.  Drilling  the  bone  causes 
no  pain. 

Mastoid  operations  are  best  left 
to  general  narcosis,  although  they 
have  been  done  by  the  infiltration 
method. 

The  use  of  local  ana-sthetics  in 
work  upon  the  eye,   ear,   nose   and 

throat  is  well  known,  but  it  does  not   concein  the  general  surgeon,  and  the 
extensive  apphcation  of  the  method  in  dentistry  will  not  be  considered  here. 

A'crA-.— The  exit   of   the  iM-anches  of    the  cervical  jilexus  at    the  posterior 
bonier  of  the  sterno-mastoiel  muscle  offei's  an  excellent  oi)portunity  for  Islock- 

ing  su]X'rficial  sensation  in  th(>  anterior 
triangle.  (Fig.  94.)  Individual  or  small 
groups  of  lymph  nodes,  cysts,  andlipomata 
can  be  removed,  and  most  of  the  ligations 
of  vessels  in  the  neck  can  be  easily  accom- 
plished by  infiltration  or  by  deep  circum- 
scril)ing  injections.  Deeper  cy.sts  or  nodes 
offer  greater  difficulties,  but  I  have  been 
al)le  to  do  a  complete  excision  of  all  lymph 
nodes  with  division  of  the  sterno-mastoid 
and  omo-hyoid  muscles.  This  was  accom- 
))li.>^hed  l>y  infiltratuig  the  skin  along  the 

Fig.  94.-Area  of  Anesthesia  Produced  by  f'^terior  border  of  the  sternO-mastoid  and 
niocking  the  Cervical  Plexus  at  the  Posterior  expcsiug  the  CCl'vical  plcXUS.  This  WaS 
Rorder  of  the  Sterno-mastoid  Muscle,    (.-^ftor       ,,,,•,,  ,  •  .1 

„^.j„„)  blocked     with     one-per-cent    cocam,    tlie 

skin  incision  c(imi)leted  and  the  dissec- 
tion proceeded  with.  When  the  dcejjer  parts  were  reached  the  tissues  likely 
to  carry  sensoi'y  nerves  were  injected  before  division,  and  when  nerve  trvmks 
were  exposed  they  were   likewise   blocked.      The   operation    was   done  upon 
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a  youiifi  colored  jjirl  (:i  |»ooi- .subject),  hut  was  coiiipletcd  with  practically  iio 
comi)laiiit  ol'  pain. 

Tile  lar}-iix  as  a  special  field  lor  local  aiuestliesia  has  been  exploited  by  Crile, 
who  has  shown  that  the  dangerous  rctiex-carrying  power  of  the  superior  laryn- 
geal nerve  can  be  entirely  abolished  by  the  ap])lication  of  cocain  to  the  nerve 
or  to  its  endings  in  the  laryngeal  mucosa.  The  superior  laryngeal  nerve,  carry- 
ing sensation  and  reflexes,  lends  itself  readily  to  perineural  blocking  at  the  tip 
of  the  posterior  cornu  of  the  hyoid  lione.  Operations  upon  the  larynx  or  its 
complete  excLsion  can  be  satisfactorily  cari'ied  out  under  local  infiltration  when 
this  nerve  is  blocketl. 

Tracheotomy  in  adults  is  by  choice  an  opei'ation  loi-  local  methods.  It  is 
easily  and  satisfactorily  done  by  infiltration. 

Goitre. — It  has  been  a  matter  of  considei'able  dispute  as  to  whether  the 
removal  of  hypertrophied  or  diseased  thyroid  glantls  be  included  rather  in  the 
domain  of  narcosis  or  in  that  of  local  ana\sthesia.  The  oljjection  advanced 
against  the  local  method  has  been  that  there  was  no  j)rocedui'c  by  which  the 
whole  field  could  l)e  rendered  ana'sthetic.  Granthig  the  objection,  I  believe  that 
it  ought  not  to  exclude  the  local  method;  for  those  sui'geons  who  have  had  the 
greatest  experience,  as  Kocher,  Roux  and  others  situated  in  the  goitre  zone,  pre- 
fer local  anaesthesia.  Although  my  own  experience  has  been  limited  to  a  few  cases 
I  ha^•e  never  found  it  necessary  or  desirable  to  resort  to  general  ana-sthesia.  Cer- 
tainly it  w-ould  seem  that  the  operation  is  fraught  with  greater  dangers  when 
narcosis  is  induced.  I  ha\'e  had  occasion  to  witness  two  such  operations  in 
which  the  patient  died  on  the  tabl(%  while  in  a  large  number  of  cases  in  which 
the  local  method  \\'as  used  I  ha^'e  ne^'er  seen  a  mishap.  More  especially  do 
these  considerations  apply  in  the  case  of  exophthalmic  goitre. 

The  operative  procedure  required  is  one  in  which  experience  counts  for  a 
great  deal,  and  where  special  care  and  i)atience  are  neces.sary.  The  transverse 
incision  can  be  painlessly  carrietl  through  skin  and  sul.K'utaneous  tissue  by  ender- 
mal  or  subcutaneous  injection  of  the  weakest  solutions,  but  nowhere  is  careful 
work  in  the  early  stages  of  the  operation  more  essential.  The  large  blood- 
vessels upon  the  coverings  of  the  gland  should  be  carefully  handled  anil  their  peri- 
vascular tissue  infiltrated  before  clamping  and  dividing  the  vessels.  The  opera- 
tion can  then  be  carried  out  by  Schleich's  method,  infiltrating  layer  by  layer 
and  paying  especial  attention  to  nerves,  connective-tissue  bundles,  and  blood- 
vessels. Retraction  is  to  be  restricted  to  the  least  possible  amount,  and  the 
use  of  too  .small  an  incision  is  to  be  avoided.  The  delivery  of  deep-lying  lolies 
may  be  difficult,  but  by  careful  dissection  and  a  sufficiently  large  incision  it 
can  be  accomplished  without  causing  great  pain.  The  most  trying  part  of  the 
operation  is  the  ligation  of  the  superior  and  inferior  thyroid  vessels.  The  di- 
vision of  the  isthmus  I  have  ne\'er  foimd  troublesome  or  painful.  Thyroid 
tissue  is  without  sensation.     It  has  been  demonstrated  by  Kocher  that  the 
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danger  of  injuring  the  recurrent  ncrA-c  is  decreased  In-  tlie  local  method:  for 
b}'  reijuiring  the  patient  to  speak  occasionally  the  operator  can  readily  detect 
compression  of  this  nerve  by  the  change  in  phonation.  In  Kocher's  second 
thousand  cases  reported  in  1900  there  were  only  four  deaths.  The  greatest 
single  factor  contributing  to  this  low  mortality  rate  was  undoubtedly  the  sub- 
stitution of  local  for  general  ana'sthesia. 

Thorax  and  Breaf^t. — The  ap])licati(ms  of  local  anicsthesia  are  limited  in  this 
region. 

Wiring  of  the  clavicle  can  lie  readily  done  under  the  principles  which  apply 
to  fracture  of  the  lower  jaw. 

Puncture  of  the  pleura  (or  pericardium)  should  always  be  done  with  the  aid 
of  a  local  aniesthetic.  The  oj)eration  can  be  rendered  absolutely  painless  l>)' 
injecting  the  skin  at  the  ]ioint  of  the  puncture,  and  then  infiltrating  the  whole 
line  of  puncture  before  intniducing  the  as])irating  needle.  As  only  a  small 
amount  of  the  ana'sthetic  is  reciuired,  a  strong  solution  (one-per-cent  cocain) 
is  reconunended  as  acting  more  thoroughly  and  quickly. 

Resection  of  a  rib  in  thoracotomy  offers  an  easy  task  for  the  local  method. 
The  skin  is  endermically  injected  and  incised,  and  then  the  subcutaneous  tissue 
and  muscle  are  infiltrated  with  a  weak  solution.  The  periosteum  is  ana?sthe- 
tized  with  a  stronger  solution  (one-half-per-cent  cocain)  and  is  then  incised  and 
reflected.  The  cutting  of  the  rib  is  painless.  The  parietal  layer  of  pleura  is 
sensitive  and  requires  a  separate  injection.  The  visceral  pleura  is  devoid  of 
sensation.  The  operation  may  be  i>ainlessly  carried  out  by  subcutaneous  in- 
jection through  a  ]ioint  at  either  end  of  the  proposed  incision,  the  needle  at  the 
same  time  being  carried  down  to  the  periosteum.  After  waiting  a  few  minutes 
the  whole  field  of  operation  is  thus  rendered  anaesthetic.  The  advantage  of 
the  local  method  is  evident  in  these  cases,  where  there  is  often  such  grave  dan- 
ger in  narcosis. 

The  breast  lends  itself  badly  to  local  methods.  Small,  superficial  and  freely 
movable  benign  tumors  can  be  removed  by  infiltration,  and  entire  removal  of 
the  breast  has  been  reported.  The  presence  of  a  malignant  tumor  is  an  abso- 
lute contra-indication  to  local  anaesthesia. 

Upper  Extremity. — The  extensive  ai)])lication  of  local  methods  to  the  upper 
extremity  has  been  well  demonstrated  by  Crile  and  Matas.  Crile  completed  a 
shoulder-girdle  amputation  by  injecting  the  brachial  plexus  as  it  leaves  the 
scaleni  in  the  supraclavicular  fossa.  Blocking  of  the  plexus  in  this  way  ren- 
ders possil^le  operations  on  any  portion  of  the  arm  and  amputation  at  any 
level.  The  large  nerve  trunks  in  the  arm  offer  a  most  attractive  field  for  the 
endoneural  and  perineural  methods.  (Fig.  95.)  By  exposing  and  blocking  by 
endoneural  injection  the  musculo-spiral,  median,  or  ulnar  nerve,  any  desired 
area  can  be  anaesthetized.     (Fig.  96.) 

The  median  nerve  is  easily  accessible  at  the  wrist  for  perineural  injection. 
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''I'lic  needle  is  intrnilnccil  :\\  ihc  ulnar  s'ltic  of  tlic  tciiddn  nf  the  palmai'is  loni^us 
(l''ig.  95)  iiud passed  bent'aththc  Irnddu  dia,iinii;dly  tnwaiil  the  radius  a  distance 

A^  iiile/v.sr.ni:  t/or.i 


^^«»o\  :J^r,i(/i'i/is 


jViiU; 


jV/'/rxor  /f/z/zi/vi  4      .If /j,>////  /"/nJ 


Fig.  95. — Cross-section  of    Forearm  (.5  cm.  ;ilinvc  the  wrist  1.     Tlic    :irrii\v~  imlicatc   tlie  direction   of 
tlie  needle  in  reaclunn  tlic  median  :iiid  ulnar  nerves  for  perini'iiral  injection.      (After  Braun.) 


I 


Fig.  96. — Distribution  of  the  Nerves  of  tlie  Upper  Extremity  to  the  Skin  Anteriorly  and  Posteriorly. 
1,  Supraclaviculares ;  2,  cutaneus  bracliii  niediaUs;  3,  cutaneus  brachii  anterior;  4,  cutaneus  antebr. 
med. ;  5,  cutaneus  antebr.  laterahs;  6,  cutaneus  antebr.  dorsalis;  1,  ra.lialis  superficialis;  8,  ramus 
palmaris  n.  mediani;  9,  ramus  pahnaris  n.  uhiaris;  10,  ramus  dorsaUs  n.  ulnaris;  11,  n.  ulnaris;  12,  n. 
medianus;    13,  cutaneus  brachii  laterahs.      (After  Braim.) 

of  from  one  to  two  centimetres.     The  solution  is  thus  injected  about  the  nerve 
beneath  the  tendon  of  the  flexor  carpi  radialis.     A  strong  solution  (cocain  one- 
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Iialf  to  one  per  cent)  is  used,  and  the  anirsthesia  sliould  appear  in  from  ten  to 
twenty  minutes.  Abo^'e  this  point  the  median  nerve  is  not  accessible 
except  by  exposure. 

The  radial  nerve  can  lie  reached  just  above  the  styloid  process  of  the  radius 
by  a  cross  strip  of  subcutaneous  injection.  This,  in  addition  to  the  ]3erineural 
injection  of  the  median  nerve,  ana>sthetizes  the  whole  radial  sui'face  of  the  hantl. 

The  ulnar  nerve  can  be  reached  for  perineural  injection  about  5  cm.  (2  inches') 
above  the  wi'ist.  The  needle  is  inserted  between  the  ulna  and  the  tendon  of  tlie 
flexor  carpi  ulnaris  (Fig.  95),  and  the  solution  (one-half  to  one  per  cent  cocain) 
injected  at  a  depth  of  H  to  2  cm.  (f  inch).  A  cross  strip  of  subcutaneous  injec- 
tion   mav  also  be  necessar\-  to  ana-sthetize 

c 
the  dorsal  branch  of  the  ulnai-.      By  extend-  ! 

ing  this  cross  strip  above  the  head  of  the 
radius,  the  radial  nerve  is  also  blocked  and 
the  whole  of  the  dorsum  of  the  hand  ana'S- 
thetized. 

Indi\-idual  fingers  are  perhaps  the  most 
frerjuent  site  for  the  application  of  local 
anirsthesia.  Each  finger  is  supished  by  two 
anterior  and  two  posterior  nerves.  (Fig. 
97.)  Tliese  can  be  reached  through  two 
points  of  injection  at  the  base  of  the  finger 
toward  the  dorsal  border.  A  rubber  tube 
is  first  tii;d  about  the  base  of  the  finger  antl 
then  a  small  amount  of  a  strong  solution  (one- 
half  to  one  per  cent  cocain)  is  injected  about  the  anterior  and'posterior  nerves. 
In  five  minutes  the  whole  finger  is  anifsthetizerl  for  amputation  or  for  the 
treatment  of  felons  or  infections.  By  paying  attention  to  the  course  of  the 
nerves  between  the  metacarpal  bones,  the  bases  of  the  fingers  antl  the  meta- 
carpals can  be  made  ana'sthetic.  By  the  combination  of  local  injection  with 
nerve-blocking,  amputation  ao  any  level  of  the  arm  is  possible. 

Inflannnation  and  infection  of  the  olecranon  bursa  may  l)c  apjjroached  by 
infiltrating  around  the  bursa,  carrying  the  injection  to  the  periosteum.  Li 
the  same  way  fractures  of  the  olecranon  offer  an  easy  field  for  the  local  method. 
The  same  principles  apply  here  as  for  wiring  a  fractured  clavicle  or  lower  jaw. 

Axilla. — The  axilla,  except  for  the  removal  of  small  benign  tumors  or  in- 
dividual lymph  nodes,  or  for  the  opening  of  abscesses,  cannot  be  included  in  the 
realm  of  local  anaesthesia.  Extensive  dissections  for  mahgnant  conditions  neces- 
sitate the  administration  of  a  general  anaesthetic. 

Lower  Extremity. — On  account  of  the  complex  nerve  supply  of  the  buttocks 
and  the  highest  part  of  the  tliigh,  local  methotls  in  these  regions  are  imsatis- 
factory.     (Fig.  98.)     In  the  lower  part  of   the  thigh  and  in  the  leg  and  foot 


Fig.  97. — Cross-soction  through  Base 
of  Finger.  Showing  the  direction  of  the 
needle  in  anaesthetizing  the  whole  finger, 
a,  Flexor  tendons;  6,  bone;  c,  extensor 
tendons.  The  nerves  are  indicated  by 
black  dots  according  to  the  size  of  the 
indi\'idual  trunks.      (After  Braun.) 
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all  (iiicialldiis,  no  matter  \\liat  their  extent,  can  lie  )iainlessly  peii'iirnied  by  the 
open  enddiieui-al  pocainization  of  the  seiatic  and  the  loiifi;  saplienous,  or  of  the 
antc'ioi'  cmral  and  external  entaneons  nerves.  The  ])osteiior  tibial  nerve  ean 
be  reached  for  perineural  injection  at  tlie  internal  malleolus  by  inserting  the 
needle  1  em.  (.f  inch)  from  the  median  border  of  the  tcndo  Achillis,  passing  it 
directly  forward  to  the  posterior  surface  of  the  tibia,  and  then  withdrawing 
slightly  and  injecting  the  solution.     (Fig.  99.) 

Individual  toes  are  anaesthetized  just  as  are  fingers,  by  two  lateral  injeetions 
at  the  basal  ]ihalanx.     Ingrowing  toenails  can  thus  be  jiainlessly  treated.     By 


Fig.  98. — Superficial  Distribution  of  Nerves  of  Leg  Anteriorly  and  Posteriorly.  1,  Ilio-hypo- 
gastricus;  2,  cutaneus  fem.  lateralis;  3,  lumbo-inguinalis;  4,  ciitaneus  fern,  anterior;  5,  obturatorius; 
6,  cutaneus  suri^  lateralis;  7,  saphena;  8,  perona?us  superficialis :  9,  suralis;  10,  peronieus  pro- 
fundus; 11,  clunium  superiores;  12.  clunium  inferiores;  13,  cutaneus  fem.  posterior;  14,  cutaneus 
sur£e  medialis;    15,  r.  calcanei  n.  tibialis:    16,  tibialis.      (After  Braun.) 


caiTying  the  injection  between  the  metacarpals,  tleeper  anaesthesia  may  be  ob- 
taineil  for  the  amputation  of  toes,  or  the  excision  of  metacarpals,  as  in  the  opera- 
tion for  hallux  valgus.  Amputation  of  the  lower  extremity  at  any  level  is  a 
satisfactory  procedure  under  the  local  methods. 

Fractures  of  the  patella  can  be  painlessly  wired  or  the  prepatellar  bursa 
excised  by  simple  infiltration,  carrying  the  injection  to  the  perio.steum. 
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The  knee  joint  can  be  explored  by  a  simple  procedure.  A  wheal  is  raised  by 
endermal  injection,  and  through  this  point  the  Hne  of  puncture  is  cocainized  to 
the  synovial  membrane.  A  large  needle  is  introduced,  and  what  fluid  the 
joint  contains  is  evacuated.  The  joint  is  then  filled  witli  1:  1,000  cocain  with 
adrenahn.  This  is  withdrawn  in  ten  minutes,  and  the  joint  is  found  to  be  in- 
sensitive and  may  be  explored  with  instruments,  irrigated,  foreign  liodies  re- 
moved, etc.  .Small  joints  lying  in  a  fiekl  which  can  be  rendered  anitsthetic 
need  no  separate  treatment. 

Genito-Urinar]/  Sj/ntem. — The  bladder  and  urethra  are  especially  adapted 
to  the  surface  application  of  local  anaesthetics,  cocain,  eucain,  or  akoin  being 


N.  peronaeus  supcrf 


Extensor  hall. 


.Extenso 


M.  pcronnc 
Flexor  hall 

jN.  sural! 


iaiis  ant. 


bialis  posfi 
Flexor  dig.\ 


Fig.  1 19  (nach  Brniine). 

Fig.  9!). — Cross-section  through  Leg  just  .\bove  Ankle.  Showing  Direction  of  Needle  for  Perineural 
Injection  of  Posterior  Tibial  Nerve,      (.\ftcr  Braun.) 


equally  serviceable.  The  many  cases  of  cocain  poisoning  which  have  been 
reported  in  this  field  are  due  to  the  use  of  unnecessarily  strong  solutions  injected 
into  the  bladder.  The  addition  of  adrenalin  is  valuable.  For  the  urethra  one- 
per-cent  solutions  of  cocain  are  sufficient.  The  bladder,  after  being  thoroughly 
washed,  may  be  renilered  insensitive  by  filling  it  with  0.1-per-cent  cocain  (plus 
adrenalin)  and  allowing  this  to  remain  for  fifteen  to  twenty  minutes  before  with- 
drawing it.  The  solution  should  lie  cold.  The  bladder  can  then  be  painlessly 
explored  with  the  cystoscope  or  sound,  and  stones  may  l)e  crushed.  J"or  supra- 
pubic cystotomy  the  bladder  should  be  first  treated  in  this  way,  and  the  incision 
may  then  readily  be  made  under  infiltration  ana'sthesia. 

Circumcision  in  older  chiklren  or  adults  can  be  done  by  direct  infiltration  of 
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(lie  line  of  incision,  cspocial  attontion  Ix-iiig  paid  to  tlic  fraiiuin.  (Figs.  100,  lUl, 
ami  102.)  'Pile  mucous  mcml)ranc  may  be  first  aiucstlictizcil  l)y  filling  the 
prepuce  with  t)ne-pcr-ccnt  cocain  anil  waiting  a  h'w  miiiulrs.      Krogius  apjjlics 

the  blocking  method  by 
injecting  subcutaneously  a 
ring  aliout  the  Im.se  of  the 
penis,  liraun  injects  0.5- 
per-cent  cocain  about  the 
coronary  siilcus.  In  adults 
general  narcosis  is  never 
indicated  in  this  operation. 
External  urethrotomy 
is  readily  done  by  infiltra- 
tion, the  mucosa  having 
been  previously  ana-sthe- 
tized  by  surface  applica- 
tion. 


Fig.   100. — AniP.stlietization   of   Prepuce  in  C'irciimoision, 
(After    Reclus.) 


Internal     urethrotomy 
l>ut  gradual  dilatation  can  be 


cannot  Ije  rendered  jiainless  bj-  local  method;^ 
successfully  accomplished. 

Prostatectomy  has  been  performed  by  Tinker  by  means  of  infiltration. 

Narcosis  is  j^ractically  never  necessary  for  operations  upon  the  scrotum 
and  its  contents.  A  combination  of  infiltration  for  the  skin  and  subcutaneous 
tissue,  with  injection  of  the  cord  just  outside  the  external  ring,  enables  one  to 
carry  out  painlessly  the  jiro- 
cedure  of  ligation  or  castration, 
or  the  radical  cure  of  hydrocele. 
The  high  varicocele  operation 
can  be  pei'formed  liy  a  modifi- 
cation of  Cushing's  technique 
for  hernia,  to  be  described  later. 

Rectal  Surgery. — In  surgery 
of  the  rectum  and  perineum, 
spinal  anfesthesia  finds  its  most 
satisfactory  and  safest  apjilica- 
tion,  yet  by  the  local  methods 
practically  any  of  the  ordinary 
procedures  can  be  accomplished. 
The  sphincter  ani  may  be  anaes- 
thetized by  injecting  it  thoroughly  with  one-per-cent  cocain  plus  adrenalin. 
It  can  then  be  painlessly  stretched  for  examination  or  treatment  of  the 
mucous  membrane.     By  a  circumscribing  injection  carried  well  up  along  the 


Fig.   101. — Ana'sthetization   of  Base  of  Prepuce     n 
C^ircunioision.     (After  Reclus. j 


PRODUCTION   OF   LOCAL   AN.EyTHESLl. 


251 


rectum,  guitlctl  by  a  finger  within,  the  whole  lower  i-ectum  becomes  available 
for  operation.  (Figs.  103  and  104.)  Fistula",  if  small,  may  be  excised  by  the 
use  of  simple  injection.  Hemor- 
rhoids, if  small,  may  be  removed 
in  the  same  way,  and  complete 
excision,  or  the  ligature  or  cautery 
operation,  can  be  accomphshed  liy 
means  of  the  deep  circumscribing 
injection.  For  extensive  hemor- 
rhoidal operations,  large  fistula'. 
or  ischio-rectal  ab.scesses,  spinal 
anaesthesia  would  seem  to  be  the 
method  of  clmice. 

Ah(hi»ieii.  — The  possil^ihties 
and  scoiie  of  local  anifsthcsia  in 
abtlominal  work  tlepend  to  a  great 
extent  upon  the  individual  opera- 
tor, his  experience  and  knowledge 
of  the  sensitive  regions,  and  the 
manner  in  which  they  are  to  be 
avoided.     In  the  clinic  of  the  late 


Fig.   102. — Showing  Separate  Injection  of  Fra:-nuni 
in  t'ircvinici.sion.      (.\fter  Reclus.) 


1  ,' 


Professor  Mikulicz  fully  one-third  of  the  opera- 
tions were  done  untler  local  anaesthesia.  For 
operations  involving  only  the  abtlominal 
parietes,  general  principles  apply  as  in  other 
parts  of  the  Imdy.  Incisions  in  the  middle 
Une  can  be  made  l^y  layer  infiltration  or  by 
subcutaneous  injection.  Incisions  through 
the  rectus  muscle  can  be  painlessly  made 
by  infiltrating  layer  by  layer  with  very  weak 
solutions.  The  transverse  bands  of  the  rectus 
muscle  carry  nerves  and  blootl-vessels  and 
need  special  attention.  The  McBurney  or 
gridiron  incision  is  easily  completed  by  in- 
filtrating layer  by  layer  and  retracting  care- 
fully. The  ilio-hypogastric  and  ilio-inguinai 
nerves  are  usually  exposed  in  the  inter- 
nal oblifjue  muscle,  or  between  it  and  the 
transversalis.  They  can  be  injected  when 
seen,  or,  if  not,  these  muscles  should  be 
broadly  infiltrated  in  order  to  secure  good  retraction.  The  region  of  the 
kitlney  can  be  reached  in  the  same  way.      In  any  abtlominal  incision  when 
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Fig.  llKi.-  An;i'>1Iiftiz;itHiii  ol  Anal 
and  Rectal  Regions.  The  four  dots 
represent  the  injection  points.  (After 
Rraun.) 
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the  prcporitonoivl  tissue  is  reached,  it  should  be  injeeted  witli  a  strong  solu- 
tion (onc-i)er-cent  cocain)  before  iiieising. 

The  j)criton(Hnn  has  been  shown  by  the  work  of  Lcnnnndcr  to  vary  greatly 
in  its  sensiliility  in  different  ri'gions.  The  ])arielal  ])ciitoncuni  is  exquisitely 
sensitive,  while  the  visceral  layer  is  devoid  of  sensation.  All  organs  innervated 
by  the  sympathetic  system  are  insensitive.  Therefore,  ])ain  attributed  to  the 
abdominal  viscera  dtu'ing  manipulations  can  be  explained  as  being  due  in  all 
cases  to  some  disturliance  of  the  ])aiietal  layer  either  by  direct  contact  or  by 
indirect  traction  or  pressui-e.  Incision  or  crushing  of  any  part  of  the  gastro- 
intestinal tract  is  not  accomi>anied  by  ])ain  so  long  as  there  is  no  dragging  on 
the  parietal  peritoneum  directly  or  through  the  mesentery.  The  liver  or  gall 
bladder  can  be  painlessly  incised  with  the  cautery  or  with  cutting  instruments, 


Fig.  104. — Sagittal  Section  of  Rectum,  Showing  the  Direction  of  t lie  Needle  in  Anre.sthetizing  the 
Rectum.  A,  Cross-section,  in  a  vertical  plane,  of  tlie  anus  and  rectum;  in  the  diagram  B  are  shown 
the  four  points  (1,  2,  3,  4)  where  the  needle  should  be  inserted,      (.\fter  Braan.) 


provided  this  traction  is  a^■oided.  Large  i)ortions  of  the  omentum  can  be 
painlessly  removed.  It  can  readily  be  seen,  then,  that  an  especially  careful 
technique  is  necessary  in  all  abdominal  procedures,  and  that  the  parietal  peri- 
toneum is  to  be  avoided.  The  placing  of  retractors  and  the  force  of  retraction 
should  be  carefully  regulated.  In  introducing  or  removing  gauze  pads,  care 
should  be  taken  not  to  rub  them  over  the  parietal  peritoneum,  and,  in  handling 
the  abdominal  viscera,  dragging  on  their  parietal  attachment  shoukl  be  avoided. 
In  inflanmiatory  conditions  the  parietal  peritoneum  becomes  more  sensitive, 
but  the  visceral  layer  remains  free  from  sensation.  It  is  evident  that,  in  opera- 
tions involving  organs  lying  in  apposition  to  the  anterior  abdominal  \\'all,  local 
anaesthesia  is  especially  indicated. 

Gastro.stomy  for  oesophageal  stricture  or  foreign  bodies  can  practically 
always  be  done  by  the  aid  of  local  aiuesthesia.  In  the  absence  of  adhesions 
gastroenterostomy  is  also  practicable. 
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The  gall  bladder  can  be  drained,  as  in  acute  typhoidal  diolecystitis;  but, 
where  the  ducts  also  are  to  be  cxaniiued,  narcosis  is  indicateil. 

The  intestines  are  available  for  suture  or  for  the  establishment  or  closure  of 
an  artificial  anus  oi-  fistula. 

A  most  important  procedure  for  which  local  ana-sthesia  is  especially  indi- 
cated is  abdominal  exploration  fur  intestinal  perforation  in  typhoid  fever. 
"Hesitation  over  the  propriety  of  subjecting  a  patient  already  suffering  from  tlie 
effects  of  a  serious  disease,  to  the  additional  risks  of  general  anaesthesia,  has  per- 
haps more  tlian  any  other  factor  lieen  the  occasion  heretofore  of  delayed  sur- 
gical intervention,  when  acute  abdominal  .symptoms  have  supervenetl  during 
the  course  of  typhoid  fever.  It  is  not  to  be  doubtwl  that  the  calamities  of 
ana:>sthesia  are  especially  prone  to  follow  ujxin  its  jsrolonged  administration 
to  patii^nts  during  svich  febrile  states."  (Cushing.)  Tliis  danger  is  ))ractically 
obliterated  by  the  use  of  a  local  ana'sthetic,  and  at  the  same  time  the  necessity 
for  a  hurried  exploration  is  done  away  with.  The  knowledge  that  a  cocain 
exploration  is  without  dangei-,  nuist  lead  one  to  explore,  without  hesitation, 
many  cases  where  a  positive  diagnosis  wovdtl  l>e  demanded  before  subjecting 
these  patients  to  general  narcosis.  Typhoitl  patients,  as  a  rule,  are  ideal  subjects 
for  local  anaesthesia.  The  tletailed  technique  is  that  of  any  abdominal  opeia- 
tion,  and  the  same  care  and  experience  are  necessary. 

Hernia,  in  all  its  external  forms,  offers  a  fruitful  field  for  local  ana>sthesia; 
but  with  strangulation  I  feel  that  the  indication  for  local  method.s  is  absolute, 
as  also  with  individuals  of  advanced  years,  who  would  otherwise  be  refused 
operation.  .Ai'ter  some  experience,  ether  and  chloroform  no  longer  remain  the 
anaesthetics  of  choice,  even  where  there  are  no  contra-indications  to  their  ad- 
ministration. In  my  own  work,  with  a  considerable  number  of  hernia  cases, 
during  the  past  four  years,  fully  nine-tenths  have  been  done  under  local  anaes- 
thesia, and  it  is  only  in  the  rarest  cases  that  a  general  ana?sthetic  has  been 
administered.  I  formerly  believed  genei'al  ana-sthesia  to  be  a  necessity  for 
recmTent  cases,  but  recent  experience  has  convinced  me  that  these  offer  little 
more  difficulty  than  the  primary  hernia  operations.  Post-operative  hernite 
with  wide  sei)aration  of  muscles,  on  the  other  hand,  usually  necessitate  general 
ana'stliesia. 

Umbilical  hernia',  unless  very  large,  are  easily  repaired.  The  layer  method 
of  Schleich,  or  the  circumscribing  blocking  injection  of  Braun,  aided  by  a  separate 
injection  of  the  neck  of  the  sac  and  preperitoneal  tissue,  will  suffice.  (Fig.  105.) 
I  ha\-e  found  the  layer  method  most  satisfactory,  and  have  had  little  difficulty 
in  comjileting  the  operation,  even  in  very  fat  individuals,  where  the  excision  of 
large  portions  of  omentum  was  necessary.  It  is  in  these  cases  especially  that 
local  aniesthesia  is  most  to  be  desired. 

Femoral  hernia>  offer  greater  difficulty  for  the  local  method,  but  injection  l>y 
layers  with  weak  solutions  is  usually  satisfactory. 
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Fig.  105. — Scheme  of  Injection  in  Large  Umbilical  Hernia.  Tlie  figures  imlicate  the  injection 
points;  the  arrows  and  dotted  lines  show  the  directions  of  the  needle,  and  the  sohd  lines  the  incision. 
This  represents  a  characteristic  example  of  the  circumscribing  blocking  method  of  Braun.  (After 
Braun.) 


JnctJ-tcn  fhroN^h  Trii.obh^- 
I  lie  -  c  n^uiln^/- 


FiG.  106. — Sketch  Showing  Usual  Situation  of  Nerves  as  Exposed  after  Division  and  Reflection  of  the 
Aponeurosis  of  External  Oblique  Muscle.      (After  Gushing.) 
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Inguinal  Hernia. — Cushing's  method  is  without  doubt  the  most  satisfactory 
for  all  inguinal  hernias,  whether  simjjle  or  strangulated,  and  is  one  of  the  most 
striking  applications  of  regional  or  blocking  antpsthesia.  Braun's  objection, 
that  it  does  not  apjily  for  strangulated  hernias,  because  it  necessitates  the  open- 
ing of  the  sac  before  inspecting  the  peritoneal  ca-\'ity,  does  not  hold.  It  has 
always  been  my  habit  where  gangi'cne  or  perforation  within  the  sac  was  su.s- 
pected,  to  open  the  peritoneal  cavity  above  the  neck,  and  in  this  I  have  ex- 
perienced no  great  difficulty.  The  method  venders  insensitive  the  field  of  o]iera- 
tion,  and  the  operator  is  then  without  restriction  as  to  the  type  of  radical  cm-e 
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Fig.  107. — Relations  of  the  Inguino-Scrotal  Nerves  to  the  Hernia  Incision.  (From  Annals  of 
Suri/rry.  vol.  xxxi.,  1900:  "Observations  upon  the  Neural  .4natomy  of  the  Inguinal  Region  Relative 
to  the  Performance  of  Herniotomy  under  Local  .\na>sthesia,"  by  Harvey  Gushing,  M.D.)  /,  Ilio- 
hypogastric; //,  ilio-inguinal ;  Z//.  genito-crural;  /V,  genital  branch;   V,  crural  branch, 


to  be  performed.  The  methoil  will  be  given  in  detail  as  described  by  Gushing: 
"  The  skin  in  the  line  of  proposed  incision  is  infiltrated  with  Schleich's  cocain 
solution  1 1  -.1,000),  and  the  incision  may  be  immetliatcly  made  through  the  linear 
wheal  thus  produced.  .  .  .  If,  however,  throughout  its  whole  length,  this  inci- 
sion is  carried  tlown  to  the  aponeurosis,  unanffisthetized  fibres  of  the  ilio-hypo- 
gastric  will  be  encountered  in  the  superficial  fat  at  the  lower  angle,  together 
\\ith  one  or  two  large  veins,  division  of  which  is  painful,  so  that  ana>sthetization 
of  the  panniculus  layer  would  here  be  necessary.  A  much  better  method  is  to 
carry  the  incision  only  at  the  upper  angle  down  to  the  aponeurosis,  which  is  then 
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opencil  in  line  of  filn-cs  from  the  cxtcniiil  riii<;  and  llic  ilid-hypogastric  and  in- 
giiinul  nerves  iniinediately  cueainized  witli  a  c)ne-])er-cent  solution  as  they  are 
thus  exposed.  After  this  procedure  the  lower  angle  of  the  incision  may  be  pain- 
lessly carried  down  to  the  external  ring,  and  the  remaining  intercolumnar  fibers 
of  the  aponeurotic  insertion  divided.  Reflection  of  the  pillars  of  the  ring  then 
gives  the  view  shown  in  the  accompanying  sketch.  (Fig.  106.)  There  is,  under 
ordinary  circumstances,  no  furtlu'i-  need  of  tjie  anasth(>tic,  as  we  are  working 
in  an  area  freed  from  all  sen.sation,  .  .  .  The  remainder  of  the  oi)eration,  the 
exposure  of  the  sac  at  its  neck,  and  the  closure  of  the  peritoneal  opening,  the 
excision  of  the  fundus  of  the  sac,  division  of  the  cord,  and  castration — if  deemed 
advisal)le  in  senile  cases — may  now  be  done  practically  without  pain.  Occa- 
sionally, liowever,  some  stray  fibres  of  the  genito-crural  may  be  encountered 
about  the  neck  of  the  sac.  .  .  .  The  closure  of  the  parietes  by  any  of  the  more 
commonly  employed  methods  may  now  be  painlessly  accomplished.  .  .  .  Tight- 
ening the  deep  sutures  inclosing  the  woimd  m;iy  elicit  adull  sensation  of  pain 
which  the  patient  usually  describes  as  an  uncomfortable  sensation  of  'pressure.' 
.  .  .  Tiie  sulicviticular  silver  suture,  used  in  closing  the  skin,  .  .  .  may  be 
placed  without  pain."  Cushing's  sketch  (Fig.  107)  shows  the  usual  distribution 
of  the  inguino-scrotal  nerves,  which  are  subject  to  great  variation — not  enough, 
however,  materially  to  interfci'c  with  the  oijeration  as  de.scrilied  above.  I  have 
found  that  the  addition  of  adrenalin  to  the  ana'sthetizing  solution  is  of  the 
greatest  assistance.  Another  useful  addition  to  Cushing's  technique  is  the 
thorough  cocainization  of  the  neck  of  the  sac  at  an  early  stage,  by  injecting 
about  it  and  the  cortl  a  few  tlrops  of  one-per-cent  cocain  with  ailrenalin. 

Spinal  An.esthesia. 

The  idea  of  injecting  substances  within  the  spinal  canal  for  the  production 
of  anaesthesia  was  first  suggested  by  Leonard  Corning,  of  New  York,  in  1S,S5. 
There  followed  some  experimental  \\ork  of  Europeans,  but  Coming's  observa- 
tions remained  unnoticed.  The  perfection  of  tlie  technicpae  of  hmibar  pmicture 
by  Quincke  aroused  new  interest,  and  in  1899  appeared  the  first  work  of  Bier, 
to  whom  we  owe  the  introduction  and  development  of  the  method  for  surgical 
purposes.  The  great  number  of  failures,  serious  after-effects,  and  deaths  re- 
ported caused  the  method  to  fall  into  bad  repute.  The  improvements  in  tech- 
nique have  considerably  changed  this  state  of  affairs;  but  in  tliis  country  it 
has  never  become  generally  popular,  although  it  is  used  extensi\'cly  by  certain 
surgeons.  Dangerous  after-effects  have  been  lessened  by  the  addition  of 
adrenalin  to  the  aniesthetizing  fluid  and  by  the  substitution  of  less  toxic  drugs 
for  cocain.  The  anesthetic  acts  directly  on  the  sheathless  nerves  of  the  cauda 
equina  and  on  the  nerve  roots,  not  upon  the  conduction  tracts  of  the  cord  itself. 
Both  sensory  and  motor  roots  are  affected,  but  the  former  to  a  much  greater 


PRODUCTION   OF  LOCAL   AN.^STHESL\.  257 

extent.  Ansesthesia  begins  within  five  to  ten  minutes  after  injection  and  lasts 
from  lialf  an  hour  to  two  hours,  but  witli  tlie  addition  of  ach'enalin  its  duration  is 
increased.  It  commences  about  the  genitaha  and  extends  to  the  legs,  abdomen, 
and  sometimes  to  the  arms  and  head.  Below  the  navel  it  is  reasonably  certain 
and  of  long  enough  duration  for  ordinary  operations.  Its  progressive  action  is 
due  to  the  gradual  upward  diffusion  of  the  anfesthetic,  becoming  less  as  the  drug 
is  more  and  more  diluted  by  tlie  cerebro-spinal  fluid,  Xatiu-nlly,  the  most  in- 
tense ana'sthesia  is  obtained  at  the  point  where  the  anaesthetic  is  mo.st  concen- 
trated; hence,  by  injecting  at  different  levels  or  by  elevating  the  pelvis,  the  anses- 
thesia can  be  more  or  less  regulated.  On  account  of  danger  of  injury  to  the  cord, 
the  point  of  injection  is  limited  to  tlic  lumbar  spaces.  The  height  to  which  the 
anaesthesia  ascends  depends  upon :  (a)  the  dose  of  the  drug  used,  (b)  the  amount 
of  fluid  injected  and  the  rapidity  of  injection,  and  (c)  the  position  of  the  patient, 
i.e.,  the  relative  level  of  the  pelvis.  The  serious  after-effects  dejjcnd  upon  the 
amount  of  the  drug  which  reaches  the  medulla;  therefore,  the  danger  is  greater 
when  high  ana?sthesia  is  sought  by  elevation  of  the  peh-is  or  l)y  large  doses  or 
forced  injection  of  the  drug. 

Unpleasant  and  dangerous  sytnptoms  may  appear  inmiediately  or  during  or 
after  anfpsthesia.  Milder  symptoms  have  been  noted  by  some  operators  in  fifty 
per  cent  of  cases  when  cocain  was  used.  These  are  the  symptoms  of  poisoning 
— nausea,  vomiting,  sweating,  tremor,  etc.  In  most  cases  they  soon  pass 
off,  but  may  go  on  to  collapse  and  death.  After-effects  were  just  as  often 
noted — headache,  -vomiting,  weakness,  and  loss  of  appetite,  lasting  for  days.  In 
many  cases  there  have  been  chills  and  rise  of  temperature.  The  frequency  of 
after-effects  has  been  lessened  l)v  the  introduction  of  adrenalin.  According  to 
Braun  the  action  of  adrenalin  is  to  cause  the  blood-vessels  about  the  cauda 
ecjuina  to  contract  and  thus  create  a  negati\'e  pressure,  bringing  about  a  do^ii- 
ward  current  of  cerebro-spinal  fluid.  Many  of  the  symptoms  after  spinal  anses- 
thesia are  due  to  ii'ritation  of  the  meninges,  causing  a  reactive  inflammation 
with  great  increase  in  the  cerebro-spinal  fluid,  thus  exi)laining  the  headache, 
etc.  It  is  a  meningitis.  Braun  ascribes  this  to  the  difference  in  osmotic  press- 
wre  between  cerebro-spinal  fluid  and  the  solution  injected,  and  gives  in  sup- 
port of  this  view  the  observation  that  such  symptoms  are  rarely  seen  when 
the  anaesthetic  is  dissolved  in  cerebro-spinal  fluid  before  injection.  It  does 
not  seem  likely  that  a  technique  will  ever  be  devised  which  will  entirely  Ijanish 
tmpleasant  symptoms,  for  these  are  sometimes  observed  after  simple  lumbar 
puncture. 

A  certain  numlier  of  failures  to  obtain  ansesthesia  have  been  reported. 
These  cannot  be  attributed  to  an  idiosyncrasy  against  cocain  or  other  drugs, 
for  in  many  instances  a  second  attempt  has  succeeded  after  the  first  abso- 
lutely failed.  The  proper  explanation  of  probably  all  failures  is  that  either 
there  is  some  abnormality  of  the  spinal  canal,  or  more  freciuently  that  the  tech- 
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iiiquo  is   raulty   or   i\w   anaesthetic    impure  or  inactive.     .Ml  of  the  ordinary 
local  anspsthetics  have  been  useil  for  llie  jiroduetion  of  spinal  ana-sthcsia. 

Cocain  has  been  most  extensively  applied.     The  dose,  as  generally  agreed 
upon,  for  obtaining  aii.-esthesia  (1)  of  the  lower  extremities  is  b')  mgm.,  (2)  up  to 
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Fig.  108. — Pi-avaz  Syringe  with  Fibre  Pacl<ing.  This  type  allows  easy  intnxluftifm  of  tablets 
or  powder  into  the  syringe  to  be  dissolved  in  ccrebro-spinal  fluid.  \ote  the  sliort  bevel  of  the  needle' 
point.      (After  Matas.) 

the  sternum  20  mgm.,  and  (3)  of  the  upper  extremities  50  mgm.  Cocain  alone 
is  no  longer  used,  but  it  is  always  accomi)anicil  by  adrenalin.  For  this  purpose 
tablets  have  been  devised.  Braun's  tablets  contain  cocain  10  mgm.,  supra- 
renalin  to  mgm.,  and  salt  90  mgm.  They  can  be  sterilized  by  the  fractional 
method  and  kept  ready  for  use.*  It  is  claimed  by  others  that  the  salt  is  un- 
necessary, but  such  tablets  afford  the  most  convenient  form  in  which  to  handle 
the  cocain  and  adrenalin. 

Tropococain  may  be  substituted  for  cocain.  Its  maximal  dose  is  30  to  40 
mgm.     The  duration  of  the  ana-sthesia  is  less  than  with  cocain. 


Fig.  109. — Tuffier  Needle.  Actual  size.  9  cm.  long,  with  short,  sharp  bevel.  The  syringe  is  the 
ordinary  metal  and  glass  syringe  holding  2  cubic  cm.  Tliis  is  the  most  eon\enient  syringe  for  ortli- 
nary  local  methods.     (After  Matas.) 


Eucain  B  is  highly  recommended  on  account  of  its  slight  toxicity.  The 
dose  is  15  to  20  mgm.  for  anaesthesia  of  the  rectum,  perineum,  and  legs;  25 to  35 
rogm.  for  anaesthesia  of  higher  regions. 

Magnesium  sulphate  has  been  recently  used,  and  has  already  been  referred 
*  These  tablets  are  now  prepared  by  Parke,  Davis  &  Co. 
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to. — Stovain  has  apparently  given  the  best  recent  results  with  a  niininiuni  of 
bad  effects.  Bier  and  Donitz  state  that  in  102  cases  in  which  it  was  employed 
b}-  them,  80  per  cent  were  free  from  any  dangerous  or  unpleasant  symptoms. 
In  the  renraining  20  per  cent  there  was  slight  collapse  once,  and  vomiting  seven 
times,  and  in  none  were  serious  after-effects  observed.  It  is  stated  by  Bier  that 
no  deaths  can  be  directly  attributed  to  the  stovain.  Medical  literature  of  the 
past  year  or  so  contains  numerous  expressions  of  the  safety  and  efhciency  of 
stovain  for  spinal  anaesthesia,  and  at  present  the  general  consensus  of  opinion 
seems  to  be  that  it  is  the  best.  Its  dosage  is  40  mgm.  for 
low  and  70  mgm.  for  high  ana\sthesia.  It  can  be  sterilized 
in  solution.  Donitz  reconmientls  tablets  containing  stovain 
20  mgm.,  suprarenalin  tV  mgm.,  made  up  with  gum  arable. 
These  can  be  sterilized  and  kept  ready  for  use. 

Technique. — Proper  needles  and  syringes  are  a  necessity. 
(Figs.  109  anil  110.)  Steel  needles  are  best  and  should  be 
about  7  to  S  to  10  cm.  long  and  of  a  diameter  of  O.S  to  1  mm. 
The  point  should  not  be  too  long,  but  with  a  short  bevel. 
The  syringe  shoukl  be  of  glass  with  a  capacity  of  5  to  10  c.c. 
and  so  constructed  that  it  can  be  easily  opened  for  the  in- 
troduction of  the  anaesthetizing  substance.     (Fig.  110.) 

Preparation  of  Patient. — Practically  no  special  prepara- 
tion is  necessary.  It  is  generally  advised  that  there  he  given 
a  glass  of  wine  or  milk  or  a  cup  of  coffee  shortly  before  the 
operation,  as  it  seems  that  the  procedure  is  accompanied  by 
less  discomfort  if  there  is  something  in  the  stomach. 

Injection  of  Anasthetic. — The  method  of  Bier  and  most 
operators  is  to  ha^'e  the  patient  lying  on  the  side,  the  back 
strongly  bowed  and  the  knees  drawn  up,  i.e.,  in  a  position 
of  marked  kyjjhosis,  with  lateral  curving  away  from  the 
.side  on  which  the  injection  is  to  be  made.  (Fig.  HI.)  Some 
prefer  having  the  patient  in  a  sitting  postm-e  at  the  time  of 
the  injection.  The  spaces  between  the  lumbar  vertebrte  are  available  for 
puncture,  and  these  become  wider  in  the  above  position.  The  cord  reaches  in 
adults  to  the  lower  border  of  the  second  lumbar  vertebra;  hence  the  point  of 
puncture  is  usually  between  the  third  and  fourth  lumbar  vertebric  or  the 
next  lower  interspace.  (Fig.  112.)  Donitz  advises  puncture  between  the  first 
and  second  for  high  anaesthesia,  and  objects  to  the  lateral  curving  as  likely 
to  lead  to  the  production  of  one-sided  anaesthesia.  A  line  connecting  the 
iliac  crests  passes  through  the  fourth  lumbar  vertebra,  and  from  this  the  next 
interspace  is  readily  located.  (Fig.  113.)  The  skin  is  cleaned  and  anaesthetized 
l)y  freezing  or  by  infiltration.  The  needle  is  now  inserted  about  \\  cm. 
(I  inch)  from  the  middle  line  and  inisheil  obliriuely  upward  and   forward   so 


Fig.  110. —  Glass 
Syringe  with  Metal 
Piston  Recommend- 
ed by  Braun. 
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us  to  strike  tlio  duni  in  tlic  iiiidliiu'.  ( Fif^.  114.)  If  tlio  needle  point  en- 
counters Ixme,  it  is  slightl\'  \vitlidi-:u\n  and  ils  dii-eetidii  changed;  some- 
times it  may  Ije  necessary  to  withdraw  entirely  and  try  another  puncture. 
There  is  slight  pain  when  the  dura  is  penetrated,  and  inunediately  cerebro-spinal 
fluid  flows  from  the  needle.  AVhen  the  fluid  flows  freely,  the  syringe  containing 
the  antpsthctizing  tablet  or  solution  is  attached  to  the  needle  and  the  anaesthetic 
dissolved  in  the  cerebro-spinal  fluid.  Sjx'cial  care  should  be  taken  to  .secure  a 
free  flow  of  cerebro-spinal  fluid  before  injecting  the  aniesthetic,  as  this  is  an  indi- 
cation that  the  needle  has  entered  freel}'  the  subdural  space.  One  should  also 
be  careful  not  to  change  the  jwsition  of  the  needle  while  dissolving  the  ana^s- 


FiG.   111. — Patient  Lying  on  Right  Side  in  Position  of  Kyphosis  and  ScoUosis,  showing  Point  of  Punct- 
ure (o)  in  Relation  to  the  Iliac  Crests,  which  are  Connected  by  the  Dotted  Line.      (.4.fter  Braun.) 


thetic  or  attaching  the  .syringe.  The  anaesthetic  is  slowly  injected,  and  in  a  little 
wliile  the  needle  is  withdrawn  and  the  point  of  puncture  sealed.  The  patient 
is  now  placed  in  the  desired  position  for  operation,  and  the  preparation  of  the 
field  of  operation  is  completed  while  waiting  for  the  appearance  of  the  antesthe- 
sia.  Anaesthesia  appears,  as  a  rule,  in  about  ten  minutes,  and  its  commencement 
and  extent  can  be  tested  by  pricking  the  skin  with  the  point  of  a  needle.  Its 
duration  varies  from  half  an  hour  to  several  hours. 

Indications  and  Scope. — Undoubtedh'  spinal  anaesthesia  has  a  useful  place 
in  surgery.  In  Europe  its  popularity  has  increased  much  more  rapidly  than  in 
this  country.  In  looking  over  the  reports  of  cases,  one  cannot  fail  to  note, 
however,  that  in  a  great  number  of  instances  it  might  be  replaced  by  the  simpler 
local  methods.  For  the  performance  of  circumcision,  the  ligation  of  veins  and 
the  various  operations  for  hytlrocele,  and  for  such  simple  procedm'es  as  the 
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splitting  of  smafl  fistul;r  or  the  rcinuval  of  small  tumors,  it  certainly  is  better  to 
onii)lov  local  aua:'sthesia  as  obtained  bv  the  various  methods.     In  inguinal  hernia 


i^:fr^'. 


Fig.  112. — Direction  of  Needle  Entering  Fig.  113. — The  Dotted  Line  Connecting  the  Iliac  Crests 

the  Spinal  Subarachnoid  Space  Below  the  Passes    tlirough    the    Fourth    Lumbar    Spine.        (After 

Spine   of   the   Fourtli   Lumbar  Vertebra.  Tutfier.) 
(.\ftcr  Tuflier.) 

Cushing's  regional  procedure  is  too  satisfactory  to  neetl  to  be  replaced  by  spinal 
injection.  Jlost  of  the  amputations  possible  untler  spinal  ana'sthesia  can  be 
reatlily  done  by  local  means.  In  a  certain  class  of  cases  it  has  a  special  appli- 
cation.    In  old  and  debilitated  persons,  diabetics  and  drinkers,  where  local 


Fig.   114. — Tlic  .\rrow  Indicates  the  Direction  of  the  Needle  Introduced  l-lj  cm.  from  the  Middle  Line 
and  so  Slanted  as  to  Reach  tlie  Dura  in  tlie  Jliddlc  Line,      (.\fter  TufBer.) 


means  are  not  satisfactory  antl  a  general  anaesthetic  is  perilous,  lumbar  anaes- 
thesia is  the  method  of  choice.     Foi-  hemorrhoids  and  rectal  operations  it  has  a 
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special  advantage,  and  in  prostatectoniy  in  the  aged  or  debilitated  it  seems 
to  have  its  best  application,  and  may  lie  the  turning-point  between  success  and 
failure.  Also  in  certain  instances  wher(>  it  may  be  desired  to  obtain  the  patient's 
consent  to  amputation  after  exploration,  spinal  ana'sthesia  offers  a  good  .solu- 
tion of  the  difficulty.  In  military  surgery  it  may  have  a  useful  field.  The 
general  impression  of  spinal  ana'sthesia — ])lacing  it  in  a  dangerous  light — has 
been  obtained  from  the  reports  of  rases  in  which  cocain  was  used.  With  the 
introduction  of  adrenalin,  this  danger  was  decreased:  and  with  theuseof  sto- 
vain  and  other  compounds  less  toxic  than  cocain,  spinal  ana-sthesia  can  no 
longer  be  held  to  be  an  especially  dangerous  proccnlure. 
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AMPUTATIONS   AND   DISARTICULATIONS. 

Bij  WILLIAM  L.  RODMAN,  M.D.,  IJ.:D., 
and  JOHN  STEWART  RODMAN,  M.D.,  Philadelphia,  Pa. 


HISTORICAL  NOTE. 

Amputations,  perhaps  the  oldest,  certainly  the  most  impressive  of  operations, 
were  practised  in  the  time  of  Hippocrates.  "The  Father  of  Medicine"  did  not 
write  much  of  this  class  of  operations,  though  it  is  known  that  he  employed  no 
particular  method  nor  followed  any  special  i)lan  except  that  of  cutting  through 
dead  tissue.  Celsus,  that  great  founder  of  the  Alexandrian  school,  was  in 
advance  of  his  time  in  tliis  as  in  other  surgical  procedures,  and  suggested  that 
a  circular  incision  be  made  l^etween  the  dead  and  healthy  areas,  and  it  is  be- 
lieved that  he  practised  this  method.  This  Roman  surgeon  also  knew  of  and 
used  ligatures  in  tying  bleeding  vessels,  but  e\'idently  tlid  not  apply  them  to 
vessels  cut  in  amputating,  depending  upon  hot  irons  and  lint  to  check  the 
hemorrhage.  Galen,  wlio  followed  Celsus,  living  a.d.  131-200,  returned  to  the 
teachings  of  Hippocrates,  and  so  unfortunately  the  method  of  Celsus  was  aban- 
doned for  the  time.  Archigenes,  who  lived  in  Rome  before  Galen,  tied  vessels 
before  amputating  and  also  is  thought  to  have  used  some  form  of  tourniquet,  but 
he  too  failed  to  tie  vessels  severed  by  the  ami)utating  knife,  still  depending 
upon  hot  irons  for  ha-mostasis.  Practically  no  progress  was  made  from  this 
time,  tlie  second  century,  until  Ambroise  Pare,  in  the  sixteenth  century,  applied 
ligatures  to  the  severed  vessels.  This  of  course  was  an  enormous  stride  in  ad- 
vance, and  from  this  period  amputations  were  more  successful  in  accomplishing 
their  purpo.se.  The  Spanish  windlass,  for  which  Morel  of  France  and  Yoimg  of 
England  are  both  given  credit,  was  invented  and  put  into  use  during  the  seven- 
teenth century:  and  at  about  the  same  time  the  circular  method  of  amputating, 
originally  taught  b}'  Celsus,  was  revived  and  became  one  of  the  accepted  methods 
of  operating  from  that  period  onward.  Cheselden  and  Petit,  the  former  of 
England  and  the  latter  of  Fi-ance,  seemed  to  have  suggested  at  the  same  time, 
and  indeiiendently  of  each  other,  that  the  skin  with  the  superficial  fascia  be 
divided  at  a  different  level  from  the  underlying  soft  parts,  but  they  still  sawed 
through  the  bone  at  tlie  same  level  at  which  the  muscles  were  divided.  To  Bell 
and  Key  belongs  the  credit  of  the  modern  circular  method,  they  having  pro- 
posed it  during  the  latter  jmrt  of  tlie  eighteenth  century.  In  1679  Lowdham 
of  Exeter,  England,  suggested,  and  Young  of  Plymouth  descril:)ed,  the  first  flap 
operation.     To  Ravaton  of  France  belongs  the  credit  of  introducing  the  double- 
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fi;i|)  (ipcratioii.  This  he  did  in  IT.'i!),  Imt,  sonic  years  be  In  I'c  this,  liic  jjopular 
transfixinii  mrlhod  nf  ciitliiif;'  iiiiisciild-cutaiicdus  flaps  hatl  liccii  used.  Liston 
and  duthiic  dl'  iln.niand :  I)ii|)uyti('n,  Ivoiix,  and  Jjarrcy  of  France;  and  Klein 
and  Langcnlicck  of  Germany,  pojjularizcd  tlic  fiaj)  operation.  Thus  we  have 
briefly  followed  the  evolution  of  the  cii-eular  and  fla))  operations,  which,  with 
their  various  modifications,  are  still  in  ]5ractice  to-day.  The  advent  of  asepsis 
has  materially  changed  the  indications  for  such  a  drastic  procedure  as  ampu- 
tation, just  as  the  discovery  of  ana'sthetics  has  materially  lessened  the  element 
of  speed  Avhich  was  so  necessary  in  the  past.  At  the  present  time  flaps  may  be 
deliberately  fashioned  to  suit  the  operator,  and  vessels  may  be  secured  and  ligated 
as  they  are  cut. 

GENERAL  CONSIDERATIONS. 

Indications. — It  is  very  difficult  to  (.lictate  hard  and  fast  rules  for  this  class 
of  operations,  especially  to  the  niodei-n  surgeon.  It  must  be  largely  left  to  the 
judgment  of  the  operator,  and  he,  remembering  that  amputations  are  and 
should  be  the  "dernier  ressort,"  must  do  them  as  infrequently  as  pos.sible, 
and  then,  with  rare  e.xcej^tions,  only  to  save  human  life.  Even  in  motlern  times 
many  a  person  has  needlessly  lost  what  might  have  made  a  useful  limb,  thi'ough 
ignorance  or  umiecessary  haste  on  the  part  of  the  surgeon.  Generally  speaking, 
the  indications  for  amputation  can  be  divided  into:  (A)  those  dependent  ujion 
traumatism,  and  (B)  those  independent  of  traumatism. 

(A)  Indications  Dependent  upon  Trauma. — Fortunately,  compound 
fractures  and  dislocations  rarely  call  for  amputation  at  the  present  day. 
For  this  we  are  indeed  thankful  when  we  remember  that  amjjutation  was 
the  rule  until  the  advent  of  Listerian  principles.  The  usual  injuries  requiring 
this  procedure  to-day  are  the  severe  railway  accidents  in  which  the  limb  has 
been  mangled,  the  bone  or  bones  comminuted,  antl  the  soft  parts  lacerated.  It 
is  frequently  said  that  if  more  than  two  inches  of  bone  is  comminuted,  especially 
when  accompanied  by  laceration  and  tearing  of  the  soft  structures,  amputation 
should  be  the  rule.  If  the  main  artery  is  torn  so  as  to  make  its  repair  impos- 
sible, then  amputation  should  be  pei-formed.  '\Mien  all  the  soft  parts  within  a 
certain  area  are  completely  devitalized,  in  fact  reduced  to  a  pulp,  although 
the  bone  remains  intact,  amputation  will  he  necessary,  as  sloughing  of  the 
injured  parts  is  certain,  despite  rigid  asepsis.  Should  this  event  be  allowed 
to  occur,  the  danger  of  general  sepsis  will  be  great,  because  of  the  favorable  soil 
offered  to  infectious  micro-organisms. 

(B)  Indications  Independent  of  Trauma. — Under  this  heading  we  .shall 
consider:  (a)  gangrene  in  its  various  forms;  (b)  malignant  growths;  (c)  per- 
forating ulceration,  which  spreads  sep!3is;  (d)  cellulitis;  (e)  chronic  joint  dis- 
ease; and  (/)  malformations,  either  congenital  or  acquired. 
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(a)  Gangrene. — It  is  not  within  the  scope  of  this  chajiter  to  describe  gangrene 
as  a  surgical  disease,  giving  its  causes,  symjitoms,  and  chnical  course,  but  rather 
to  refer  to  its  manifestations  as  an  indication  for  amjuitation.  (See  article  on 
Gangrene  in  ^'ol.  II.)  To  do  this  best  it  is  perhaps  well  to  state  that  gangrene 
may  be  dixaded  into  the  following  foui-  varieties: 

1.  Symptomatic  gangiene,  or  that  in  which  traumati.sm  plays  l)ut  a  minor 
part;  this  variety  being  again  subdivided  into:  gangrene  from  embolus;  senile 
gangrene;  diabetic  gangrene ;  Raynaud's  disease,  etc. 

2.  Traumatic  gangrene,  which  may  be  subdivitlcd  into:  direct,  depending 
iipon  direct  violence  to  the  parts;  and  indirect,  depending  upon  indirect  violence, 
or  ^^•llere  the  lesion  involves  the  ^'essels  some  distance  above  the  spot  where 
gangrene  occurs. 

3.  Infective  gangrene,  depending  upon  the  invasion  of  infectious  micro- 
organisms, this  class  being  subdivided  into:  acute,  active^  spreading  gangrene; 
hosi)ital  gangrene,  practically  obsolete  at  the  present  da_v :  neci-osis  of  bone ;  noma 
jjudendi;    cancrum  oris;   carbuncles  and  perhaps  boils. 

4.  Thermic  gangrene — frost-bites;  burns.  (Mde  ^'ol.  II.)  (In  the  above 
we  have  followed  largely  the  classification  of  Rose  and  Carless.) 

In  embolic  gangrene  it  is  well  to  maintain  rigid  asepsis  until  a  line  of  de- 
marcation between  dead  and  healthy  tissue  has  appeared,  and  then  to  amj^utate 
just  above  this  line.  If  sepsis  sets  in,  it  may  be  necessary  here,  as  in  other 
forms,  to  amputate  much  earlier  and  higher  than  if  asepsis  had  been  maintained. 

When  the  surgeon  has  to  deal  with  senile  and  diabetic  gangrene  it  is  now  an 
accepted  principle  that  he  should  amputate  early  and  well  above  the  gangrenous 
process,  as  these  varieties  of  the  disease  are  prone  to  recur  in  amputation  tia];)S. 
In  gangrene  of  the  foot,  for  instance,  amputation  at  the  knee,  or  pi-eferaljly  at 
the  lower  third  of  the  thigh,  should  be  practised  so  as  to  secure  well-nourished 
flaps.  Amputation  below  the  knee  generally  means  recurrence  of  the  gangrene 
in  the  flaps,  regardless  of  the  care  and  method  u.sed  in  treating  these  i)arts,  and 
especially  is  this  true  if  the  wound  becomes  infected. 

If  the  case  be  one  of  indirect  traumatic  gangrene,  it  is  well  to  wait  for  the 
formation  of  a  line  of  demarcation,  and  to  amputate  above  this  line  unless 
sepsis  has  already  set  in,  when  early  and  high  amputation  should  be  resorted 
to.  In  direct  traumatic  gangrene  an  effort  .should  be  made  to  save  the  limb ; 
but  if  this  is  clearly  impos.sible,  because  of  the  extent  of  the  injury  or  the  pres- 
ence of  infection,  immediate  amputation  shoukl  be  done. 

Delay  is  most  dangerous  \\hen  dealing  with  acute,  rapidly  spreading 
gangrene  of  the  infectious  type,  and  high  amputation  only  should  be  con- 
sidered. 

(b)  Malignant  growtlis  may  necessitate  am]iutation  when  they  involve  the 
bone,  soft  parts,  or  both,  of  a  limb,  and  this  event  is  especially  likely  to  take 
place  when  the  tumor  has   an    unusual  tendency  to  rapid  growth  and  to  the 
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early  formation   of  metastases.     Of  the  tumors  belonffiiiR  to  this  eatep:ory  epi- 
thelioma, carcinoma,  and  sarcoma  maj' Ix'  mentioned. 

(c)  Perforating  ulcer  occasionally  niay  recjuire  tlie  sacrifice  of  a  portion  of  a 
linil)  owins  to  its  incural)ility  or  a  teiulency  to  spreading  infection. 

(d)  Cellulitis,  on  account  of  the  danger  of  its  causing  general  septica'inia, 
should  be  mentioned  as  a  possible  indication  for  am])Utation;  as  a  rule,  how- 
ever, it  .should  respond  to  local  measures. 

(e)  Chronic  -joint  dixcasc,  i-ebellious  to  othci-  less  drastic  measures,  may  call 
for  amputation. 

(/)  Maljormntion  and  deformities,  congenital  or  accjuired,  may  be  relieved 
by  amputation,  although  this  course  should  be  left  to  the  patient's  desire. 


METHODS  OF  COXTROLLIXG  H1:M0RRHAGE. 

The  Tourniquet  and  Esmarch's  Bandage. — As  far  liack  as  the  second  cen- 
tury Archigenes,  a  Roman,  was  known  to  have  used  a  variety  of  tourniquet, 
probably  a  .simple  band  which  he  aj^ijlied  aroimd  the  leg  above  the  site  of  pro- 
posed amputation. 

In  the  seventeenth  century  ]\Iorel  introduced  the  Spanish  windlass,  and  in 
1702  Petit  gave  to  the  profession  the  screw  tourniquet,  which  has  been  u.sed  either 
in  its  original  or  in  a  modified  form  ever  since.  (Fig.  1 15.) 
By  means  of  this  de^•iee  the  main  artery  of  a  limb  may 
be  compressed  while  the  superficial  circulation  is,  at  the 
same  time,  occluded.  At  a  somewhat  later  date  there 
was  instituted  a  mechanical  device  without  a  band,  and 
by  this  means  the  main  arter}-  was  compressed  without 
interfering  with  the  remainder  of  the  circulation.  In 
recent  years  hemorrhage  has  been  controlled  either  by 
Esmarch's  or  Lister's  method,  or  by  digital  compression. 
Esmarch's  rubber  bandage,  applied  by  direct  spirals 
without  reverses,  and  supplemented  by  his  elastic  tour- 

Fio.   115. — Petit's   Tour-  •  i     i  /■  •  i       •  i  i      •. 

niquet.     s,  Screw  for  ad-     niquet,  has  for  many  years  enjoyed  wide  popularity  as  a 
justing  degree  of  pressure;     prophylactic  uicasurc  to  prevent  hemorrhage.   (Fig.  116.) 

k,  bone    in    centre  of  limb;  -i         i  i-      •  i    i  i  • 

a,  artery;?,  unyielding  pad,     While  there  are  distmct  advantages  possessed  by  this 
by  means  of  wiucii  pressure     n^gthod,  undoubtcdlv  there  are  certain  disadvantages. 

is  exerted  upon  the  artery. 

The  advantages  are  that  it  effectually  prevents  hemor- 
rhage during  the  operation,  saving  to  the  patient  even  the  amount  of  blood  that 
was  in  the  limb  j)rior  to  the  apphcation  of  the  ruliliei'  bandage,  and  that  it  lends 
to  a  nervous  operator  a  certain  sense  of  security  wiiile  operating.  Its  disad- 
vantages are  perhaps  as  weighty  and  are  certainly  more  numerous.  In  the  first 
place,  there  can  be  no  doubt  that  Esmarch's  bandage,  when  applied  to  septic 
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limbs,  may  dislodge  blood-clots,  disseminate  infection ,  and  thus  cause  both 
embolism  and  septicj'mia.  In  the  second  place,  if  the  limb  to  be  amputated 
is  the  seat  of  maUgnant  disease,  there  is  the  danger  that  the  pressure  may  foix-e 
malignant  particles  into  the  blood  stream,  causing  metastases  to  result. 
Other  disadvantages,  some  of  them  minor,  may 
be  urged  against  the  tourniquet  used  in  this 
method.  There  is  a  great  increase  in  the  capil- 
lary oozing  after  the  removal  of  the  api^aratus, 
due  to  \-asomotor  paralysis  caused  by  pressure. 
This  oozing  requires  that  considerable  time  he 
spent  in  checking  it  and  that  many  more  liga- 
tures be  used  than  would  otherwise  have  l)een 
necessary.  It  might  also  be  possible  that  the 
tourni(|uet  would  set  up  a  superficial  sloughing, 
which  of  cour.se  would  retard  the  [irogress  of 
repair.  Further,  if  the  instrument  is  careles.sly 
ajiplied,  pressure  upon  nerves  as  well  as  blood- 
vessels may  cause  a  temporary  paralysis  of  the 
stump.  Moreover,  tourniquets  sometimes  slip,  thus 
greatly  emliai'rassing  the  operator  and  endanger- 
ing the  life  of  the  patient.  Despite  the  objec- 
tions mentioned,  Esmarch's  bandage  and  touiiii- 

quct   are  still  pojjular   in  this  country  and  have  yielded  good   results 
ajjparatus  should  never  be  employed  in  septic  or  malignant  cases. 

Lister's  Method. — Lister's  method  has  proved  to  be  very  satisfactor}'  and 
has  to  a  degree  supplanted  Esmarch's  rubber  bandage.  According  to  this 
irictlmd  the  limb  should  be  elevated  and  stroked  from  extremity  to  base  (liip 
or  shoulder),  the  elevated  position  being  maintained  until  the  limb  becomes 
ana-mic.  After  this  has  been  accomplished,  a  rubber  tournicjuet  is  applied  to 
thel)ase  of  the  limb.  Surely,  this  is  following  Esmarch's  principle,  but  it  will 
pro\-e  less  tlangerous  and  cjuite  as  efficient. 

Digital  Compression. — By  some  writers,  notabh'  Treves,  digital  compression 
is  warmly  advocated.  Its  advantages  are  that  direct  and  well-localized 
compies.sion  is  applied  to  the  principal  artery  alone,  the  venous  channels  be- 
ing left  to  drain  the  part  of  venous  blood ;  that  this  compression  need  not  be 
applied  until  it  is  actually  required,  being  relaxed  instantly  when  desired;  and 
that  the  nerves  escape  compression,  thus  ob-\-iating  all  danger  of  paralysis.  In 
carrying  out  this  method,  however,  the  operator  should  have  the  services  of  an  as- 
sistant who  po!;sesse:  anatomical  knowledge  and  is  willing  to  devote  his  entire 
attention  to  this  part  of  the  procedure.  In  the  case  of  an  amputation  which 
requires  that  this  compression  be  kept  up  foi-  a  considerable  period,  two  or  more 
assistants    should   be    at   hand    to    relieve  each  other    in  this    duty.     Special 


Fig.  116.  — Esmarch's  Elastic 
Tourniquet.  (Tlie  bandaging  of 
tlie  lower  part  of  the  limb  is  not 
sliown.) 


The 
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methods  of  preventing  hcinonhage,  such  as  are  used  in  individual  amputa- 
tions, like  those  of  Wyeth  anil  Senn,  ^\■ill  be  described  when  we  come  to  con- 
sider those  operations. 


THE  AMPUTATION  8TUMP. 

To  secure  fni-  the  patient  a  serviceable  stump  is  a  duty  of  the  operator,  sec- 
ond only  to  that  of  saving  life.  To  be  serviceable  the  stump  must,  first,  be 
painless;  second,  it  must  be  able  to  stand  jjressure,  especially  in  the  case  of  the 
lower  extremities — in  other  words,  the  cicatrix  should  lie  to  one  side  of  the  sur- 
face pressed  upon;  thirtl,  it  uuist  be  well  nourished,  and  the  skin  covering  it 
should  be  freely  movable;  and,  last,  it  should  lie  of  good  shape. 

(a)  Freedom  from  Pain. — Painful  stumps  may  be  due  to  a  variety  of  causes, 
but  perluqis  the  most  connnon  is  pressure  upon  the  nerves  which  are  left 
long.  Dis.section  of  these  stumps  often  .shows  that  a  bulbous  enlargement 
has  taken  place  at  the  exposed  ends  of  these  nerves,  the  enlargement  being  due 
to  an  overgrowtli  of  the  neurilenmia  or  nerve  sheath.  To  the.se  gi'owths  the 
name  of  fal.se  neuromata,  or  "amputation  neuromas,"  has  been  given.  Pain  due 
to  this  cause  should  be  obviated  by  cutting  nerves  high  up.  Overstretching  of 
the  skin,  which  can  easily  be  prevented  by  making  generous  cutaneous  flaps  and 
thus  allowing  for  retraction,  is  another  cause  of  jiainful  stumps.  ^Mien  the 
bone  or  bones  are  carelessly  sawn,  spicula  are  often  left  behind  to  irritate 
the  surrounding  tissue,  thus  becoming  a  fertile  cause  of  pain  and  incapacity. 
Exostoses  growing  from  the  divided  ends  of  the  bones,  and  unequal  retrac- 
tion of  muscles  causing  traction  on  the  cicatrix,  are  other  causes  to  be  consid- 
ered. Finally,  if  no  tangible  cause  of  pain  be  present,  as  is  often  the  ca.se,  the 
blame  may  he  laid  on  hysteria,  neuralgia,  or  rheumatism. 

(b)  Ability  to  Withstand  Pressure  and  Pressure-Stretching.— A  stump  inca- 
pable of  bearing  pressure  or  pres.sure-.stretching,  without  pain  to  the  jjatient  or 
decided  interference  with  its  lalood  supply,  ^\ould  he  worse  than  useless  and  a 
constant  source  of  annoyance.  To  possess  this  pressure-bearing  quality  the 
stump  must  be  firm,  free  from  all  the  conditions  mentioned  above  as  causuig 
painful  stumps,  with  abundant  blood  supply  and  with  the  cicatrix  so  placed 
that  it  escapes  all  or  the  greater  part  of  the  pressure.  Treves  divides  cica- 
trices into:  "(1)  Terminal,  when  the  scar  occupies  the  actual  extremity  of  the 
stump.  (2)  Lateral,  when  it  occupies  one  or  more  of  the  sides  of  the  stump  or 
parts  of  its  circimiference — as,  for  example,  when  the  wound  is  jjlaced  uijon  the 
anterior,  posterior,  or  internal  surface  of  the  limb.  (3)  Termino-lateral,  when 
a  terminal  cicatrix  is  prolonged  on  to  one  or  more  sides  of  a  stump." 

A  terminal  cicatrix  in  a  stump  of  the  lower  extremity  would  necessarily  be 
called  upon  to  withstand  much  more  pressm'e  than  the  same  variety  of  cicatrix 
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situated  in  a  stump  of  the  upper  cxtreniit}-.  It  will  therefore  be  necessary 
for  the  operator — if  the  lower  extremity  be  the  part  that  needs  to  be  am- 
putated— to  select  a  method  of  operating  that  vdll  not  j-iekl  a  terminal  cicatrix. 
This  does  not  hold  true  of  the  upper  extremity,  however,  as  here  no  pressure 
to  speak  of  is  l:)rought  upon  a  terminal  cicatrix.  In  fact,  in  the  movements  of 
an  artificial  arm  a  lateral  cicatrix  would  be  pinched  and  pressed  far  more  than 
a  terminal  one  under  the  same  conditions.  Therefore  a  cicatrix  in  the  latter 
position  is  to  be  preferred. 

(c)  A  Serviceable  Stiimp. — We  stated  that  for  a  stump  to  be  ser\aceable, 
it  should  be  well  nourislied  and  the  skin  covering  it  freely  movable.  In 
order  to  satisfy  this  prerequisite  the  operator  should  be  careful  to  preserve  the 
larger  aiteries  that  supply  the  stumj),  in  so  far  as  this  is  possible.  Cutaneous 
fiaps  should  Ije  cut  long,  the  o{)erator  remembering  that  normal  skin  reti'acts 
one-third  of  its  length  and  also  that  axlematous  skin  is  incapable  of  retrac- 
tion. A  periosteal  covering  of  the  sawn  ends  of  bones,  especially  when  con- 
nected with  normal  overlying  tissue,  is  the  best  kind  of  flap. 

(d)  A  Well-shaped  Stump. — A  good  stump  should  be  of  proper  shape.  By 
this  we  mean  that  it  should  be  rounded  and  well-cushioned.  Therefore  the 
operator,  while  remembering  that  a  skin  flap  normall}-  retracts  one-third  or 
more  of  its  length,  should  also  bear  in  mind  that  muscles  retract  uneciually  ac- 
cording to  their  variety  and  attachment.  For  instance,  muscles  that  are 
free  from  their  origin  to  their  insertion  and  are  narrow-,  hke  the  sartorius,  con- 
tract to  a  much  greater  extent  than  do  broad,  widely  attached  ones  Hke  the  bra- 
chialis  anticus.  Bones  should  be  sawn  correspondingly  high  to  prevent  subse- 
quent protrusion  due  to  future  growth,  an  increase  cjuite  usual  in  yoimg  subjects. 
Tlierefore,  a  good  stump  should  Ije:  1st,  without  pain:  2d,  capable  of  with- 
standing pressure;  3d,  weW  nourishetl  and  covered  with  freely  mo\'able  skin; 
and  4th,  of  good  form. 

There  is  a  form  of  bad  stump  that  occurs  so  frequently  as  to  merit  de- 
scription— namely,  the  conical  shanp — a  stump  having  the  shape  of  a  cone, 
due  to  the  projection  of  the  end  of  the  bone,  or  to  the  retraction  of  the 
skin  and  muscles,  or  to  both.  The  end  of  the  bone  is  the  apex  of  the  cone, 
and  often  becomes  necrosed.  A  stump  may  be  conical  from  the  beginning  or 
may  become  so  afterward.  AMien  it  is  conical  at  first,  it  may  be  assumed  that 
the  bone  has  been  divided  too  low  down  or  that  the  soft  parts  have  been  cut  too 
short.  These  conditions  can  be  avoided, and  should  be  in  every  case;  but,  no 
matter  how  skilled  the  operator  may  be,  it  will  not  always  be  possible  to  pre- 
vent a  stump  from  becoming  conical.  Conicity  may  result  because  of:  (a) 
Unusual  secondary  contraction  of  tlie  muscles;  (b)  Loss  of  tissue  by  sloughing 
or  suppuration;  (c)  Subsequent  growth  of  the  bone. 

This  latter  cause  of  conicity  applies  especially  to  young  subject.?,  although, 
as  a  rule,  the  epiphysis  of  the  stump,  after  functional  stimulus  has  been  removed, 
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fails  to  develop  like  its  fellow  of  the  opposite  side.  Tlieic  are,  however,  ex- 
ceptions in  which  the  o]iipIiysis  continues  to  develop,  and  in  these  eases  there 
is  eventually  painful  projection  of  the  end  of  the  bone.  This  is  likely  to  take 
place  in  amputation  through  the  humerus  and  the  femur. 


MhrniODS  Of  A.MRLTATING 

Tliere  are  vai'ious  methods,  as,  for  example: 

1.  Circular. 

2.  Modihed  Circular. 

3.  Ehiptical. 

4.  Racquet  or  Oval. 

5.  The  Method  in  which  Several  Flaps  are  Employed. 

1.  Circular  Method.  (Figs.  12.5  and  126.)— The  ciicular  method  is  the  oldest  as 
well  as  the  simplest,  and  is,  j^erhaps,  the  one  most  frecjucntly  employed.  A  circu- 
lar incision  dividing  skin  and  superficial  fascia  is  made,  according  to  the  degree 
of  retraction,  at  a  point  not  less  than  one-fourtli  of  the  circumference  of  the  limb 
below  where  the  bone  is  to  be  sa\Mi.  The  opei'ator  should  stand  to  the  light- 
hand  .side  of  the  limb  to  be  amputated,  the  assistant  to  the  left.  The  latter 
should  put  the  skin  on  the  stretch,  in  which  manipulation  the  operator  may 
help  with  his  left  hand.  The  surgeon,  holding  the  amputating  knife  firmly 
with  the  right  hand,  commences  his  incision  from  within  outward,  using,  on  the 
dorsal  aspect  of  the  limb,  the  heel  of  the  blade  first  and  carrying  the  incision 
roiuid  the  limb  firmly  and  evenly,  with  only  sufficient  pressui'e  to  divide  the  skin 
and  superficial  fascia.  These  tissues  should  now  be  allov>ed  to  retract,  it  not 
being  necessary  in  all  instances  to  separate  them  from  the  underlying  parts. 
In  a  like  manner  the  superficial  muscles  should  be  dividetl,  and  they  in  turn 
allowed  to  retract.  At  a  still  higher  level  the  deep  muscles  are  divided  and  re- 
tracted. Now  the  periosteum  may  be  separated  from  the  bone,  dissected  up  to 
the  highest  level  of  muscle  division,  and  there  the  bone  should  be  sawn 
through.  Cutting  the  nerves,  ligating  the  vessels,  etc.,  complete  the  procedure 
of  severing  the  limb. 

It  should  be  remembered  that  the  cicatiix  will  be  terminal.  This  method 
is  especially  applicable  where  there  is  one  l)one  well  siu'rounded  on  all  sides 
by  muscles,  as  in  the  thigh  or  arm.  "\Miere  the  subcutaneous  tissue  is  scanty 
and  therefore  the  skin  is  close  to  the  bone,  as  at  the  wrist,  it  will  be  found 
advisable  to  make  a  skin  cuff  \\hich  can  be  tinned  back  and  the  underlying  tissue 
severed  with  one  circular  sweep.  This  is  not  as  desii-able  as  the  circular 
method  just  described,  as  more  damage  is  done  to  the  tissues  and  undoubtedly 
there  is  the  possibility  of  inteifering  with  the  blood  supply.  These  two  varieties 
of  the  circular  method  may  be  combined  to  obviate  the  results  of  contraction  of 
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tlie  skin  in  certain  parts  of  a  linil).  The  cuff  nietliod  is  limited  hy  many 
to  amputations  through  the  lower  tliird  of  tlie  forearm  antl  leg  and  at  tlic 
■\vrist. 

2.  The  Modified  Circular  Method.— Tlie  usual  manner  of  modifying  the  cir- 
cular method  is  to  join  to  the  circular  incision  a  vertical  one,  either  on  the 
anterior  dorsal  or  lateral  aspect  of  the  limb.  The  only  advantage  in  so  doing 
is  to  loosen  the  skin  so  that  it  may  be  dissected  up  in  flaps.  It  will  be  well  here 
to  mention  Syme's  amputation,  or  rather  Liston's.  Liston  made  two  semi- 
lunar incisions  and  dis.sected  up  the  skin  to  the  point  where  the.se  two  incisions 
joined.  Syme  .slightly  modified  this  metliod  by  ])rolonging  the  dissection  of  the 
skin  past  the  point  where  the  two  incisions  met.  He  used  this  method  ex- 
ten.sively  and  it  con.3equcntly  became  knoAMi  as  Syme's  amputation  instead  of 
Liston's. 

3.  The  Elliptical  Method.— Although  considered  a  distinct  method,  the  ellip- 
tical is  really  a  modification  of  the  circular  method.  An  elliptical  skin  incision  (to 
allow  for  unequal  retraction)  is  made,  and  a  cuff  turned  up.  The  nuiscles  are 
divided  as  in  the  circular  method.  It  is  claimed  by  the  English  that  Sharpe,  of 
Guy's  Hospital,  was  the  originator  of  this  method,  but  the  French  attribute  it 
to  Souppart.  It  is  well  illustrated  b_v  the  elli])tical  disarticulation  at  the  elbow 
and  by  Guyon's  supiamallcolai'  amputation. 

4.  The  Oval  or  Racquet  Method.  (Fig.  120.)— This  method  is  particularly 
applicable  to  tlisarticulations  at  small  joints,  such  as  the  metatarso-phalangeal. 
Credit  for  it  is  due  to  Scoutetten,  who  introduced  the  oval  method  in  1827. 
The  incision  is  oval  with  one  end  soniewhat  pointed,  so  that  the  wound  is  closed 
in  its  vertical  axis. 

Malgaigne,  in  1837,  in  order  better  to  expose  the  joint,  prolonged  or  rather 
added  to  the  apex  of  the  oval  a  dorsal  incision.  Hence  the  term  "racquet"  in- 
cision, the  oval  being  the  racquet  itself,  while  the  donsal  incision  is  the  handle. 
^^^^ile  this  incLsion  is  especially  well  adapted  to  amputations  through  the  smaller 
joints,  there  are  certain  di.saiticulations,  namely,  at  the  shoulder  and  hip,  where 
it  is  also  employed. 

5.  The  Various  Flap  Methods.— Flaps  may  l)e  divided  into: 

(A)  Cutaneous,  includhig  superficial  fascia  and  skin. 

(B)  Musculo-cutaneous. 

(C)  Periosteal. 

As  to  which  is  the  superior — the  musculo-cutaneous  or  the  cutaneous — 
it  is  difficult  to  judge,  since  they  have  yielded  equally  good  results  and  since 
each  has  its  own  indications. 

Flaps  may  be  fashioned  either  by: 

(a)  Transfixion  and  cutting  outward. 

(6)  By  cutting  from  without  inward. 

{c)  By  dissection. 
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TiiAxsKixiox.  (Fig.  129.)— It  is  in  this  incthod  of  cutting  flaps  that  the 
older  surgeons  excelled.  The  suigeon  stands  at  the  right-hand  side  of  the 
hnib  to  be  amputated,  iidroduces  the  point  of  liis  knife  in  t lie  latei'al  aspect  of 
the  limb  opposite  the  ])i)int  where  the  bunc  is  to  be  sawn,  and  j)ushes  tlie  lilade 
through  the  tissues  anlcrinr  to  t  lie  bone,  raishig  the  handle  slightly  to  allow  the  tip 
of  the  blade  to  emerge  at  a  point  directly  opposite  that  of  entrance.  With  a 
gentle  sawing  motion  in  an  oblique  direction  the  blade  is  carried  through  the 
soft  parts  until  the  first  flap  is  cut.  This  1  icing  retracted,  the  point  of  the  blade 
is  again  introduced  at  the  same  place  as  befoi'c  and  pushed  bcliiiid  the  bone, 
the  handle  being  depressed  so  as  to  make  the  incision  connect  with  the  internal 
incision.  In  like  manner  the  posterior  flap  is  cut  a  little  longer  than  the  an- 
terior. This  too  is  retracted  by  an  assistant,  the  remaining  soft  parts  are  di- 
vided, and  the  bone  is  sawn.  After  the  bloiHl-vessels  have  been  tied,  and 
nerves,  tendons,  etc.,  suitably  cut,  the  procedure  is  finished. 

Making  Flaps  by  Cutting  from  Without  Inward  and  nv  Dissection. — 
In  these  methods  the  skin  incision  is  outlined  with  a  small  knife  and  then 
the  soft  parts  are  divided.  The  manner  in  which  the  scalpel  is  held,  while  this 
manipulation  is  being  carried  out,  is  important.  Its  edge  should  be  directed  tow'- 
ard,  instead  of  away  from,  the  bones,  so  as  to  avoid  unnecessary  interference 
with  the  blood  supply  of  the  integuments.  Wlien  the  flaps  are  to  be  cut  from 
within  outward  and  dissected  up,  as  in  the  method  "par  desossemerit ,"  the  skin 
is  allowed  to  retract.  Flai)s  may  be  single  or  double.  If  the  flap  is  to  be 
single,  after  the  original  idea  of  Lowdham,  the  entire  flap  tissue  is  taken 
from  one  surface  of  the  limb.  This  kind  of  flap  is  used  where  the  tissue 
of  one  aspect  is  either  destroyed  or  diseased,  while  that  of  the  opposing 
aspect  is  healthy.  More  commonly  used  than  the  single  flaj)  are  the  double 
flaps,  originally  suggested  by  Ravaton,  but  shice  modified  indefinitely  and  need- 
lessly by  many  operators.  The  most  important  of  these  modifications  will  be 
treated  in  detail  when  the  operations  with  which  they  are  concerned  are  de- 
scribed. In  general,  it  may  be  said  that  flaps  which  are  rounded  at  the  ends, 
or  V-shaped,  fit  better  and  result  in  more  satisfactory  stumi:)s  than  those  which 
are  scjuare. 

The  Choice  of  a  Method. — In  choosing  the  best  method  for  any  given 
case  the  surgeon  must  use  his  judgment,  based  upon  a  sound  knowledge  of  the 
principles  imderlying  amputation.  He  should  remember  that  the  day  for 
dramatic  surgery  has  passed,  and  with  it  the  "brilliant"  amputation.  It 
is  of  jirimary  importance  to  save  all  tissue  practicable,  to  provide  as  small 
a  wound  area  as  is  consistent  with  jaropriety,  to  provide  healthy  and  well- 
nourished  flaps,  to  expose  the  bone  only  at  the  proposed  saw-Une  and 
and  to  cover  it  efficiently  with  the  soft  parts.  The  main  vessels  should  be  cut 
transver.sely.  Simplicity  of  method  is  desirable  inasmuch  as  it  insures  the 
speedy   completion  of   the  operation,  which   is   oftentimes  a  necessity.     The 
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cicatrix,  as  stated  before,  should  he  well  adjusted  and  made  as  free  from  press- 
ure as  possible,  and  good  drainage  should  Ix'  pi'ovided  for  the  wound.  Other 
things  being  etiual,  the  circular  method  Anil  j'ield  a  smaller  wountl  area  than 
any  of  its  modifications  or  any  of  the  various  flap  methods.  It  is  also  simple 
in  techniriue  and  hence  readily  performed,  but  there  is  more  chance  of  a  conical 
stumj)  from  this  circular  method,  if  used  injudicidusly,  than  from  an}-  other, 
because  the  skin  and  muscles,  for  reasons  already  mentioned,  may  retract  too 
greatly  and  uneciually.  The  elliptical  and  oval  methods  are  Mell  adapted  to 
the  special  amputations  in  which  they  are  used.  The  flap  methods  and  their 
indications  have  alreaily  been  given.     (Page  271.) 


INSTRUMENTS  AND  OTHER  AGENTS   NEEDED  FOR  AMPUTATION. 

It  will  be  necessary  to  have  at  hand: 

1.  Agents  for  controlling  hemorrhage. 

2.  Instruments  for  the  cutting  and  subsecfuent  ti'inmiing  of  the  soft  parts. 

3.  Agents  for  the  proper  coaptation  of  the  flaps. 

4.  Agents  for  the  support  of  the  stump. 

1.  Agents  for  Controlling  Hemorrhage.— The  prophylactic  control  of  hemor- 
rhage has  already  been  discussed.  For  the  control  of  the  bleeding  during  the 
operation  ha-mostatic  artery  forceps  and  ligatuies,  either  of  catgut,  of  Pagen- 
stecher's  celluloid  thread,  or  of  fine  .silk,  will  be  recjuired.  After  the  soft  parts 
are  divided,  the  bone  .sawn  through,  and  the  main  vessels  ligated,  an  assistant 
should  carefully  loosen  the  toiu'nicjuet.  As  this  is  done  the  smaller  vessels  will 
bleed  and  it  will  be  an  easy  matter  for  the  surgeon  or  his  assistant  to  clamp  these 
vessels  and  ligatc  them.  Torsion  maybe  applied  to  vessels  which  are  not  suffi- 
ciently large  to  warrant  ligation.  If  oozing  continues,  the  application  of  very 
hot  water  will  be  found  sufficient  to  check  it.  If  there  be  oozing  from  the 
divided  end  of  the  bone,  hot  wet  gauze  i)ressed  upon  it  should  check  the  oozing. 
Ice  may  be  used  for  this  purpose  instead  cf  the  gauze.  Some  authoi's  state 
that,  should  pressure  fail  to  check  this  oozing,  "  the  sharpened  edge  of  a  wooden 
match"  may  be  used  as  a  plug.  "This  plug,"  writes  Treves,  "which  so  many 
authors  allude  to,  is  probably  intended  to  be  no  more  than  a  picturesque  example 
of  fertihty  of  resource."  A  much  better  plan  and  more  in  keeping  with  aseptic 
surgery  is  to  plug  the  opening  with  Horsley's  antiseptic  wax,  so  often  made  use 
of  in  trephining,  or  perhaps  with  catgut. 

2.  Instruments  for  the  Actual  Cutting  and  Subsequent  Trimming  of  the  Soft 
Parts. — The  followuig  instruments  should  be  at  hand  for  the  proper  perform- 
ance of  an  amputation:  amputating  knives  and  scalpels,  saws,  periosteal  ele- 
vator, retractors,  rongeur  forcejjs,  lion-jaw  forceps,  scissors,  dissecting  forceps, 
and  tenacula. 
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Amputating  Knives  and  Scalpels. — The  olil  iuiiinifatinjj;  knife,  one  with 
a  very  lonj;.  pointed  blade  and  a  .'short  handle,  i.s  now  thought  by  many  to  be  a 
very  object  i on al)le  instrument,  and  has  been  practically  discarded.  In  its  place 
one  with  a  much  shorter  and  less  tapeiiiifi'  blade  and  a  stout  handle  is  used 
(Fig. 1 17).  The  catlin knife, double-edged,  wasformerly  thought 
to  be  necessary  when  di\-iding  interosseous  soft  parts,  but  its 
use  has  largely  been  dispensed  with.  The  amputating  knife, 
according  to  Biyant,  should  he  equal  in  length  to  one  and 
one-half  times  the  diameter  of  the  limb  to  be  amputated. 
Scalpels  will  be  necessary  for  dissecting  up  flaps  and  for  di- 
\iding  nerves,  tendons,  and  soft  parts;  and  in  fact,  with  two  or 
three  large-sized  scalpels,  the  entire  division  of  the  soft  parts 
may  be  accomplisheil.  Therefore  no  ojierator  should  feel 
that  it  will  be  impossible  foi'  him  to  amputate  without  an 
amputating  knife,  for  a  scalpel  is  often  adecjuate  for  the 
pui'pose. 

Saws. — Several  different  varieties  may  be  used ;  namely, 
the  ordinary  broad-bladed  saw,  a  bow-backed  saw.  Butcher's 
bone  saw,  a  Gigli  saw,  and  a  lifting-back  saw.  The  first  two 
are  the  ones  generally  used  and  in  most  cases  they  will  be 
sufficient.  They  should  have  fine  short  teeth.  Butcher's 
saw  will  be  of  service  in  excisions,  the  Gigli  and  lifting-back 
saws  in  severing  small  bones  and  spicula  of  bone. 

Rongeur  forceps  and  Liston's  bone-cutting  forceps  may 
be  employed  in  smoothing  the  ends  of  the  bones,  but 
should  not  be  used  in  severing  them,  as  necrosis  is  often 
caused  thereby. 

Lion-jaw  forceps  may  be  recjuiied  to  steady  the  bone  while  sawing  it  or  to 
remove  large  fragments. 

The  use  of  the  other  instruments  mentioned  calls  for  no  special  comment. 
3.  Agents  for  the  Coaptation  of  Flaps  and  for  Drainage. — Needles,  vari- 
ously curved,  threaded  with  catgut — if  any  subcutaneous  stitching  is  to  be  done 
— should  be  at  hand.  For  cutaneous  suturing,  straight  needles,  threaded  with 
silkworm  gut  or  horsehair,  may  be  employed.  A  good  way  is,  first  to  use  a 
certain  number  of  silkworm-gut  relaxation  sutures,  and  then  to  bring  neatly 
together  the  edges  of  the  skin  with  a  "buttonhole  stitch"  of  horsehair. 

Drainage. — "  When  in  doubt,  drain,"  has  become  a  surgical  tenet.  With  bet- 
ter and  more  frecjuent  drainage,  results  have  imjiroved.  It  is  safe  to  make  use 
of  di-ainage,  as  a  routine  procedure,  in  all  of  the  larger  amputations,  as  those  of 
the  arm,  forearm,  thigh,  and  leg,  because  the  wound  area  is  large  and  there  will 
be  a  certain  amount  of  oozing.  ^Mien  an)]:)utating  for  local  disease  it  is  well 
to  drain,  since  sinuses  may  be  opened,  and  a  risk  is  taken  if  the  wound  be  too 


Fig.  117. —  Long 
.\niputating  Knives 
of  Two  Sizes. 
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tightly  closed.  "Warious  fonr.s  of  drainage  ai-e  used — as,  for  exanijile,  mtjlier 
tubing,  cigarette  drainage,  and  gauze  drainage.  If  there  be  no  discharge  but 
serum,  then  cigarette  or  gauze  drainage  at  a  suital;)le  part  of  the  wound  .sliould 
prove  sufficient.  However,  if  actual  suppuration  is  in  progress  or  is  feared, 
rubber  tubing  should  lie  employed.  AMiere  a  large  dead  space  remains,  into 
which  hemorrhage  must  oceiu-,  (ulietlrainage  for  from  twenty-four  to  forty-eight 
hours  is  usually  the  best. 

Dressinx.  the  Stvjip  — A  bomitiful  sujiply  of  sterile  gauze,  cither  wet  or 
di-y,  usually  the  latter,  should  be  applied,  (h-er  this  may  be  placed  absorb- 
ent cotton,  and  both  gauze  and  cotton  co^•ered  Iiy  a  layer  of  non-absorbent 
material.  The  stump  should  be  suj^ported  on  a  well-padded  splint,  to  which  it 
should  be  secured  by  a  carefully  aiiplied  bandage.  AMiile  the  patient  is  in  Ijed 
the  stump  should  be  kept  in  as  comfortable  a  position  as  possible  and  at  a 
somewhat  higher  level  than  the  rest  of  the  bodv,  jiillows  being  used  for  the  i)Ur' 
pose.  This  position  is  not  only  more  comfortalile  for  the  patient,  but  also 
facilitates  the  return  of  the  venous  blood  from  the  extremity  of  the  stump.  Mus- 
cle contraction  is  also  much  lessened  by  the  sphnt,  thus  contributing  to  freedom 
from  pain.  Without  a  well-padded  sjjlint,  spasm  of  the  muscles  is  sometimes 
severe,  necessitating  the  use  of  morphine. 

Manner  of  Using  the  Amputating  Knife.— As  has  been  said  before,  this  in- 
strument may  be  dangerous,  so  that  care  in  its  use  is  necessary.  If  the  circular 
method  is  to  be  adopted,  the  operator,  if  standing  to  the  left  of  the  patient, 
should  grasp  the  handle  of  the  knife  between  the  thumb  and  forefinger  of  the 
right  hand.  (Fig.  128.)  He  should  })lace  the  left  hand  just  below  the  site  of  the 
incision,  and  now  stooping  slightly  he  should  Ijcgin  his  incision  on  the  upper  and 
inner  siu'face  of  the  limb,  carr3'ing  the  blade  toward  himself  with  a  gentle  sawing 
motion.  The  incision  can  be  carried  in  this  manner  entirely  around  the  limb, 
the  operator  rising  to  an  erect  position  as  it  ad\ances  o\'er  the  upper  surface,  to 
meet  the  point  of  conmiencement.  The  procedure  may  be  reversed,  a  start 
being  made  from  the  upper  snd  outer  sui-face  and  the  incision  continuing  around 
the  Hmb;  but  this  is  not  so  desirable,  as  thus  the  blood  to  a  certain  extent 
will  obscure  the  hne  of  amputation.  If  a  skin  cuff  is  to  be  dissected  up,  the 
middle  portion  of  the  blade  should  be  used,  and  not  the  point,  on  account  of 
the  danger  of  buttonholing.  Several  scal]icls  should  be  at  hand  for  use  in 
dissecting  up  flaps,  etc.  Tendons  and  nerves  should  be  put  on  the  stretch  and 
divided  high  up.  It  is  well  to  sew  oix'u  tendon  sheaths,  thus  clo.'^ing  them  and 
preventing  the  possibihty  of  infection  spreading  through  these  channels.  For- 
merly a  double-edged  knife  was  used  for  dividing  the  interosseous  soft  parts,  as 
in  amputations  of  the  forearm  or  leg,  but  at  the  present  day  it  is  not  consid- 
ered necessary,  as  a  single-bladed  knife  may  accomplish  the  same  purpose.  It 
should  be  remembered,  howe-ver,  when  these  interosseous  structures  are  being 
divided  with  a  single-bladed  knife,  that,  if  it  l)e  desired  to  change  the  direction 
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of  (he  cuUing  odge,  the  blade  slioidd  he  withdrawn  and  reintroduced  I'ather 
than  turned,  lor  in  tui'nin<i-  it  there  is  an  unneeessary  i^i'ui.sinfi-  of  liie  tissues, 
liefore  nial<hig  the  incision  tlie  ojierator  sliould  at  least  mentally  rehearse  the 
method  he  is  about  to  practise,  even  marking-  the  flaps  with  crayon  if  neces- 
sary, for,  although  it  is  no  disgrace  to  trim  lla|>s  after  they  are  cut,  it  is  more 
satisfactory  toha\-e  the  first  incision  final. 

The  Use  of  the  Saw. — Here,  too,  the  operator  should  l)e  careful,  since  from 
improper  sawing  of  the  bone  necrosis  has  occurred.  The  lione  should  not  be 
exposed  above  the  saw-line.  The  .saw  should  have  fine  teeth,  which  should  be 
sharp.  Beginning  at  the  heel  of  the  saw,  long,  even  strokes  should  be  used  in 
dividing  the  bone.  An  assistant  should  hold  the  limb  at  right  angles  to  the  saw 
and  should  keep  it  as  steady  as  possible.  A¥hen  the  l)one  is  almost  sawn 
tfu'ough,  care  should  be  taken  lest  the  saw  be  clamped.  If  the  direction  of  the 
stroke  is  .somewhat  changed  and  if  its  length  and  vigor  are  lessened,  the  danger 
of  this  hapi)ening  will  be  reducetl  to  a  minimum.  When  two  bones  are  to  be 
sawn  through,  the  larger  and  more  fixed  one  should  be  attacked  fiist,  and 
then  the  smaller  and  more  mo^'able  one  should  be  included  in  the  sweep  of 
the  saw,  care  being  exerci.scd  to  .sever  them  simultaneously  or  ihe  smaller  bone 
first.     If  this  is  not  done,  si)lintering  may  occur. 

Site  of  Amputation. — "Where  shall  I  amputate  this  limb?"  will  always  be 
a  serious  question  foi-  the  surgeon  to  an.swcr  .satisfactorily  to  himself.  No  hard 
and  fast  I'ldes  can  Ije  given  to  aid  one  in  reaching  the  decision.  Different  con- 
ditions will  demand  different  [irocedures.  While  it  should  be  one  of  the  chief 
objects  of  the  oi")ei'atoi'  to  save  as  much  tissue  as  practicable,  his  first  duty  is  to 
save  the  patient's  life  and  at  the  same  time  achieve  the  best  practical  results. 
In  railway  crushes,  machinerj^  accidents,  etc.,  the  tissues  are  generally  bruised 
higher  than  is  apparent,  and  this  fact  should  be  borne  in  mind  in  amputating 
for  these  conditions.  Unless  one  amputates,  in  injuries  of  this  nature,  at  a 
higher  level  than  seems  to  be  necessary,  sloughing  of  the  flaps  will  finally  occur, 
making  reamputation  necessar}'.  Amputation  for  gangrene  has  already  been 
referred  to  in  the  section  relating  to  indications  for  amputations.     (Page  265.) 


AMPUTATION  IN  SHOCK. 

Amputations  are  commonly  divided  into  immediate,  primary,  and  secondary. 
An  immediate  amputation  is  one  performed  within  six  hoiu-s  of  the  acci- 
dent; a  primary,  -when  the  operation  is  done  within  the  first  forty-eight  hours; 
and  a  secondary,  when  it  is  done  after  the  lapse  of  forty-eight  hours. 

Immediate  amputation  will  necessarily  often  be  done  in  shock.  Only  gen- 
eral rules  can  be  laid  dowii  for  the  guidance  of  the  surgeon's  action;  and  he 
who  expects  to  treat  ever}'  case  according  to  hard  and  fast  rules  of  action, 
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nuist  be  frc(|UL'iit]y  disaiipoiutcil.  Shock,  ]ici'haps  nioie  than  any  condition 
encountered  liy  the  surgeon,  will  A-aiy  -with  the  age,  temperament,  and  gen- 
eral health  of  the  patient,  the  nature  of  the  violence  inflicted,  the  presence 
or  absence  of  pain,  hemorrhage,  etc.  The  rule  generally  followed  by  mod- 
ern surgeons  is  to  wait  for  reaction  liefore  amputating,  for  it  is  argued  that 
the  shock  of  the  operation  is  an  additional  burden  put  upon  the  patient  at 
a  time  when  he  is  least  able  to  Ijear  it.  AVhile  surgical  sentiment  is  so  nearly 
unanimous  on  this  point,  it  is  equally  tlecided  in  regard  to  another,  viz.,  that 
in  a  condition  of  profound  shock,  Avhere  it  is  believed  that  a  mangled  limb  is 
keeping  up  anil  deeijening  this  condition  because  of  pain  or  loss  of  blood  which 
cannot  be  well  controlled,  amputation  should  at  once  be  done  regardless  of 
shock,  whether  it  be  mild  or  severe,  provided,  of  course,  that  the  patient's 
condition  justifies  the  belief  that  he  will  survive  the  operation.  Nothing  is 
better  established  than  tlie  fact  that  shock  may  not  only  be  perpetuated,  but 
increased,  by  the  presence  of  a  mangled  limb — one  in  which  there  is  not  onl}- 
fracture  of  the  bone,  but  extensive  laceration  of  the  soft  parts.  The  si:)ecial 
graAit}'  of  shock  from  2-ailway  accidents  is  often  as  much  due  to  the  mental 
teiror  which  they  cause  as  to  the  ph3'sical  injury  inflicted.  The  mental  and 
physical  shock  combined  render  these  injuries  the  severest  of  all.  In  railway 
surgery,  he  who  ignores  reaction  and  amputates  in  shock  will  often  give  his 
jiatient  the  best  chance  for  hfe. 

Ether  is  to  be  preferred  to  chloroform  for  operation  in  shock.  It  is  a 
cardiac  stimulant,  while  chloroform  is  a  dejaressant.  If  the  pulse  improves  in 
quality — coming  up  in  volume  and  strength  and  diminishing  in  frequency  in 
commencing  anirsthesia — it  is  a  most  favorable  omen,  and  sliould  justify  the 
surgeon  in  his  determination  to  operate.  If,  on  the  contrary,  the  pulse  does 
not  improve  or  ]jerhaps  becomes  weaker,  one  can  believe  that  the  shock 
may  be  dependent  more  upon  some  visceral  injury  than  upon  the  condition  of 
the  limb.  The  jiropriety  of  amputating  in  the  case  of  a  patient  suffering  from 
severe  internal  injuries  is  questionable.  The  state  of  the  body  temperature 
should  be  given,  in  practice,  the  attention  to  which  its  importance  enti- 
tles it.  Wagstaff,  who  more  than  any  one  else  has  made  a  study  of  tem- 
perature in  shock,  has  deduced  the  rule  that  no  capital  operation  should 
be  performed  when  the  axillary  temperature  is  less  than  96°  F.  However, 
i:iatients  with  a  temperature  below  96°  F.  have  occasionally  recovered  after 
o|)ei-alion,  though  such  instances  are  rare.  One  of  the  chief  arguments  favor- 
aljle  to  amiHitation  in  shock  is  the  large  mortality  attending  intermediary 
am])utation.  \Miile  many  tleny  that  there  is  such  a  condition  as  delayed  shock, 
it  does  sometimes  occur;  usually,  however,  delayed  shock  is  due  to  concealed 
hemoi'i'hage.  In  military  surgery  it  is  better  to  operate  as  quickly  as  possible, 
owing  to  the  fact  that  the  jjatient  is  more  or  less  sustained  by  excitement.  Wise- 
man, Sergeant  Surgeon  to  Charles  II.,  said,  "If  you  operate,  do  so  while  the  sol- 
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(lici- is  ill  Ileal  ami  nicttli'";  and  Aiiiliniiso  Parr  said,  "Operate  in  sight  of  tlie 
battle-field."  Tlu^  addilidiiid  dc|ircssi()ii  iiiHiclcd  hy  operating  on  one  already 
in  slioek  lias  probably  been  greatly  exaggerated.  The  nervous  system,  under 
these  conditions,  is  in  such  a  state  as  not  to  be  leadily  impressionable  to  further 
shock,  and  we  believe  that  an  amputation  may  add  but  little,  if  any,  to  it.  Cer- 
tainly this  is  so  if  the  sensory  influences  are  blocked,  a.s  Crile  suggests,  by  cocain 
injected  into  the  nerve,  or,  as  Wainwiight  has  demonstrated,  by  spinal  anaes- 
thesia. Stephen  Smith  has  collected  statistics  of  four  hundred  and  thirt3'-nine 
recovered  amputations.  Thirty-six  i)er  cent  were  done  within  six  hours  of  the 
injury,  which  means  they  were  done  during  or  near  to  .shock;  and  in  these  he 
estimated  that  recovery  was  six  ])er  cent  better  than  in  those  done  in  periods 
of  I'caction. 

TH1-:  .\FTi:U-TREATMENT. 

The  after-treatment  depends  upon  the  severity  of  the  operation,  the  amount 
of  blood  lost,  and  the  degree  of  shock  which  maj-  be  present.  The  patient's 
bed  shoidd  be  raised  at  the  foot  if  there  has  been  great  loss  of  blood,  and 
the  patient  himself  surrounded  with  hot-water  bags.  Hot  normal  salt  solu- 
tion (temperature  about  110°  V.)  shoukl  lie  given,  as  a  routine  measure, 
either  by  rectum  or  by  h3'podermoclysis.  Shoukl  the  pulse  be  extremely  weak 
it  will  be  necessary  to  employ  venoclysis  instead  of  hypodermoclysis  or  entero- 
clysis.  If  there  be  shock,  which  is  usually  present  if  an  arm  or  leg  has  been 
removed,  morphia,  digitalis,  and  atropine  should  he  discreetly  given.  It  is 
also  of  advantage  to  bandage  the  remaining  limbs,  as  this  maintains  their 
warmth  and  keeps  the  blood  within  the  trimk  itself.  Unless  they  are  obviously 
soiled,  the  primary  dressings  may  be  allowed  to  remain  undisturbed  for  six  or 
seven  days,  provided  drainage  has  not  been  employed. 

After  the  patient  rallies  from  .shock,  his  recovery  should  be  uninterrupted. 


SPECIAL  AMPUTATIONS. 

Amputation  of  the  Fingers  and  Thumb.  (Figs.  118-122.)— General  Re- 
M.iRKs. — As  no  mechanical  device  has  as  yet  been,  and  probably  never  will  be 
invented  to  take  the  place  and  fulfil  the  functions  of  the  human  finger,  every 
possible  portion  should  be  saved.  For  example,  the  proximal  phalanges  of  the 
middle  and  fourth  fingers  may  be  saved  and  be  useful,  owing  to  the  power  of  the 
lumbrical  muscles  and  the  vincula  accessoria  tendinum.  We  have  frequently  seen 
this  demonstrated.  These  phalanges  will,  however,  most  likely  be  serviceable  if 
the  tendons  and  metacarpo-phalangeal  joints  are  not  invaded.  The  phalanges  of 
these  fingers  should  be  left  if  it  be  foimd  necessary  to  remove  the  index  and  Ut- 
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tic  fingers.  Since  the  skin  on  the  palmar  surface  is  better  adapted  to  pressure 
and  more  sensitive  to  tactile  impressions  than  that  of  the  dorsal  aspect,  the  most 
satisfactory  finger  st'amp  is  one  the  end  of  ^\hich  is  cushioned  by  palmar  skin,  the 
cicatrix  being  located  upon  the  dorsal  sur- 
face. This  result  is  accomplished  by  long 
palmar  flajis. 

Anatomy.  (Figs.  118-120.)  — As  men- 
tioned above,  the  skin  of  the  palmar  surface 
of  the  finger  is  thick,  well  accustomed  to 
pressure,  and  posses.sed  of  tactile  sensation. 
It  is  rather  firmlj'  associated  with  the  uiider- 
l}dng  structures.  The  skin  on  the  dorsal 
surface  of  the  fingers  and  thumli  is  very 
thin,  unaccustomed  to  pressure,  and  has  less 
sense  of  touch.  Beneath  it  there  is  a  distinct 
laj'er  of  subcutaneous  tissue.  The  knuckles 
are  formed  by  the  distal  ends  of  the  proximal 
bones.  For  example,  the  middle  knuckle  of 
the  index  finger  is  formed  by  the  distal  end 
of  the  first  (anatomical)  phalanx.  The  free 
edge  of  the  web  of  the  fingers,  on  the 
palmar  sm-face,  is  about  thi-ec-fourths  of 
an  inch  beyond  the  metacarjio-ijhalangeal 
joints;  that  of  the  articulations  between  the 
second  and  first  (anatomical)  phalanges  is 
one-sixth  of  an  inch  jjelow  the  second 
knuckle;  the  line  of  articulations  between 
the  distal  and  the  second  phalanges  is  one- 
twelfth  of  an  inch  below  the  distal  knuckle ; 
and  that  of  the  articulations  between  the 
first  (anatomical)  phalanges  and  the  metacarpal  bones  is  one-third  of  an 
inch  below  the  first  knuckle.  The  phalanges  of  the  fingers  and  thumbs 
are  held  together  principally  Ijy  an  interior  and  two  lateral  ligaments  and 
one  capsular  ligament.  The  lateral  ligaments  are  inserted  nearer  the  palmar 
than  the  dorsal  surface.  The  glenoid  (anterior)  ligaments  are  attached  to 
the  bases  of  the  distal  bones.  The  digital  arteries  run  along  the  lateral 
aspect  of  the  finger  nearer  to  the  palmar  than  the  dorsal  surface.  The 
dorsal  digital  arteries,  except  in  the  thumb,  are  so  small  that  they  can 
hardly  be  traced  beyond  the  first  phalanx.  According  to  Deaver:*  "The 
insertions  of  the  flexor  tendons  are  as  follows:  Each  tendon  of  the  flexor 
sublimis  digitorum  rests  upon  the  corresponding  tendon  of  the  flexor  pro- 
*  "Surgical  Anatomy,"  vol.  i.,  p.  16S. 


Fig.  lis.  —  .\raputatioii  of  Fingers. 
(From  Treves'  "Operati\'e  Surgery.") 
.-1,  Disarticulation  by  single  external  flap; 
JS,  amputation  by  lateral  flaps ;  C,  disar- 
ticulation by  oval  or  racquet  incision ;  Z>, 
modified  racquet  incision  for  index  finger; 
E,  circular  method,  with  vertical  dorsal 
cut ;  F,  incision  en  croupitre  ;  G,  interno- 
palmar-flap  method  for  little  finger;  H, 
disarticulation  by  single  palmar  flap ;  /,  dis- 
articulation b}'  racquet  incision  ;  K,  ampu- 
tation of  fingers  with  their  metacarpal 
bones;  L,  circular  disarticulation  at  the 
wrist. 
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fundus  digitonini;  opposite  the  inetacarpo-phalangeal  joints,  the  tendons 
of  the  flexor  svihhmis  I^roaden,  and  opposite  the  middle  of  the  jjroxinial  pha- 
langes tliey  s])lit  into  two  segments,  between  whieh  ])ass  the  tendons  of  the 
flexoi-  ])i-()finidus;  they  reunite  and  again  (li\ide,  to  lie  inserted  into  the  middle 
(if  both  sides  of  the  seeond  phalanges:  the  tendon  of  the  liexor  pi'ofundus  after 
perforating  the  tendons  of  the  flexor  sulilimis  passes  on  for  insertion  into  the 
front  of  the  base  of  the  last  ])halanx.  The  tendon  of  the  flexor  longus  jjollicis 
passes  between  the  two  heads  of  the  flexor  l)ievis  pollicis  for  insertion  into  the 
front  of  the  base  of  the  last  j)halanx  of  (he  thumb."  The  flbrous  .sheaths 
of  these  tendons  are  lined  by  synovial  membrane  and  they  thus  form  canals 
when  they  are  ojjened.  There  are  synovial  reflections  connecting  the  .sheaths 
on  the  under  surface  to  the  l)one.  These  i-eflections  are  broader  near  the  in.ser- 
tions  of   the  tendor.s  and  are  called  "ligamenta  brevia,"  while   the  longer  re- 


Ftg.  119. — Metliods  of  Disarticulating  the  Index  and  Little  Fingers  at  tlie  "places  of  election"; 
combined  palmar  and  external  flap  for  the  index  finger,  combined  palmar  and  internal  flaj)  for  t!ie  little 
finger. — a.  Dorsal;   6,  palmar  aspects  of  the  hand.      (After  Farabeuf.) 

flections,  further  away  from  the  insertions,  are  called  "ligamenta  longa." 
Collectively  these  reflections  are  known  as  "vincula  accessoria."  The  sheaths 
of  the  tendons  of  the  index,  middle,  and  fourth  fingers  do  not  pass  beyond  the 
annular  ligament,  but  are  bound  down  at  the  heads  of  the  metacarpal  bones; 
those  of  the  tendons  of  the  httle  finger  and  thumb  pass  beyond  the  annular 
ligament  and  communicate  with  the  carpal  bur.sa.  The  .sheath  for  the  little 
finger  extends  an  inch  and  a  half,  while  that  for  the  thumb  extends  an  inch 
and  a  quarter,  above  this  ligament.  By  reason  of  this  anatomical  fact,  therefore, 
it  can  readily  be  understood  how  infection  may  travel  into  the  forearm  from 
a  focus  of  suppuration  in  the  thumb  or  little  finger.  For  the  same  reason, 
also,  it  is  necessary  to  close  these  fibrous  sheaths  when  thej'  are  divided  in  am- 
putating through  the  fingers,  since  to  leave  them  patent  is  to  invite  the  develop- 
ment of  a  po.s.sible  infection. 
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Amputatu)xs  of  the  Phalanges  of  the  Fingers. — Amputation  of  the 
digital  phalanges  may  be  accomplished  in  several  ways  as: 

1.  By  a  single  palmar  flap: 

2.  By  along  palmar  and  a  sh(.)rt  dorsal  i\i\p; 

.S.  By  two  lateral  flaps — (a)  equal;   (b)  unetjual; 

4.  By  a  single  lateral  flap; 

5.  By  two  equal  antero-posterior  flaps. 

Amputation  of  a  Dlstal  Phalanx  (first  surgical  or  third  anatomi- 
cal).— Disarticulation  of  tliis  joint  is  best  done  i.)y  a  single  palmar  flap 
(H,  Fig.  lis),  which  shoukl  be  equal  in  length  to  one  and  one-half  times 
the  diameter  of  the  finger  at  the  site  of  the  amputation.  A  knife  with  a 
narrow  blade  should  be  employed.     The  surgeon,  sitting  with  the  patient's  hand 


Fig.  120. — Adaptation  of  the  Racquet  Form  of  Incision  to  the  Operation  of  Disarticulating  Individ- 
ual Fingers,  In  the  ca.se  of  the  index  finger  the  dorsal  incision  is  made  well  over  toward  the  miildle 
finger,  while  the  circular  part  of  the  incision  descends  to  a  lower  level  on  the  outer  side  of  the  finger; 
in  the  ease  of  the  little  finger  an  analogous  course  is  pursued,  but  here  the  dorsal  incision  should  ap- 
proach nearer  to  the  ring  finger  and  the  circular  part  of  the  racquet  should  descentl  lower  on  the  inner 
side  of  the  digit.  In  operating  uprn  the  middle  or  the  ring  finger,  the  surgeon  may  make  either  a 
T-shaped  or  a  Y-shaped  incision,  as  he  prefers.  In  all  the  operations  two  lateral  flaps  are  obtained. — 
a,  Dorsal;   b,  palmar  aspects  of  the  hand,      (.\fter  Farabeuf.) 


before  him  in  a  position  of  ]ironat ion,  first  makes  a  skin  incision  marking  out 
the  future  flap.  The  point  of  the  blade  starts  oppo.site  the  joint  on  the  lat- 
eral aspect,  midway  between  the  dorsal  and  palmar  surfaces,  and  ends  at  a  point 
directly  opposite  to  that  of  starting.  The  reason  for  the  incision  being  midway  be- 
tween the  dor.sal  and  palmar  surfaces  is  that  one  may  avoid  cutting  the  digital 
arteries  which  should  be  found  in  the  j^almar  flap.  After  the  skin  incision  has 
been  completed,  the  tissues  are  divided  from  without  inward  down  to  the  bone, 
along  the  line  of  incision,  and  the  flaps  are  dissected  free  from  the  bone.  The 
finger  is  now  fle.xed  and  a  dorsal  incision  is  made  over  the  base  of  the  distal  pha- 
lanx. The  joint  is  opened  and  the  lateral  ligaments  are  divided.     It  now  remains 
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to  (livido  tlic  tendon  of  (1r'  flexor  innrunilus  ilifiiloiiun  ni.d  tlief^lenoid  (anterior) 
ligament.  Tliese  .structures  are  best  severed  with  tlie  linger  extended  ;md  hy  cut- 
ting from  below  upward.  The  phalanx  is  now  removed.  There  will  be  no  vessel  to 
tie  or  sheath  to  close.  The  distal  phalanx  may  be  amputated  by  a  long  palmar 
and  a  short  dorsal  flap.  This  is  done  in  the  same  manner  as  for  a  single  jjalmar 
flap,  except  that  the  latter  is  made  about  one  and  one-quarter  times  as  long 
as  the  circumference  at  the  site  of  amputation,  while  the  dorsal  flap  is  made 
one-third  the  length  of  the  palmar.  Jacobson  and  Steward  advise  that  the  flaj) 
he  made  by  transfixion,  but  Sir  Frederick  Treves  says  that  "in  no  operation 
upon  the  finger  is  it  well  to  cut  the  fla])S  by  transfixion.  In  cutting  a  palmar 
flap  by  this  means  there  is  danger  of  slitting  uj)  the  digital  arteries.  The  flap, 
moreover,  is  apt  to  be  pointed  and  scanty  and  to  contain  fragments  of  tendon." 
Especially  at  the  base  is  the  flap  scant. 

Amputation  of  the  Second  Phalanx. — Amputation  through  the  i5:>cond 
phalanx  beyond  its  middle  is  preferable  to  disarticulation  at  the  first  surgical 
phalangeal  joint,  because  by  this  method  the  attachment  of  the  flexor  sublimis 
is  saved.  This  amputation  maj^  readily  be  done  by  utilizing  ecjual  lateral  flaps. 
(5,  Fig.  118.)  Dorsal  and  palmar  incisions  should  be  in  the  median  line.  It  will 
be  necessary  to  divide  the  tendon  of  the  flexor  ])rofundus,  the  extensor  ten- 
dons, and  the  expansions  from  the  flexor  sublimis  tendon.  The  bone  should 
be  divided  by  a  fine  saw.  It  will  be  necessary  to  di\'ide  the  digital  arteries; 
they  should  therefore  be  Ugated.     The  tendon  sheaths  should  be  closed. 

Disarticulation  .^t  the  First  (Surgical)  Phalangeal  Joint. — This  op- 
eration may  be  accomplished : 

1.  By  unequal  dorsal  and  palmar  flaps; 

2.  By  a  single  external  flap. 

Unequal  Dorsal  and  Palmar  Flaps. — The  jialmar  flap  is  fashioned  in  the  man- 
ner described  for  removing  the  distal  phalanx  and  covering  the  exposed  parts 
with  a  single  palmar  flap,  except  that  this  flap  should  not  be  cut  quite  so  long. 
A  length  about  one  and  one-quarter  times  the  circumference  at  the  site  of  ampu- 
tation (instead  of  one  and  one-half  times)  w'ill  suffice.  The  dorsal  flap  should 
be  equal  to  one-third  the  length  of  the  palmar.  Dis.sect  up  both  flaps,  expose 
the  joint  from  above,  and  divide  the  lateral  ligament  as  before.  Tlie  digital 
arteries,  according  to  their  size,  may  or  may  not  require  a  ligatiu-e.  The  ten- 
dons of  the  fle.xor  profundus  and  the  flexor  sublimis  may  be  sewn  either  to  the 
extensor  tendons  over  the  end  of  the  first  phalanx  or  to  the  theca  or  the  peri- 
osteum. Securing  the  tendon  in  this  manner  contributes  to  the  usefulness  of 
the  stump.     The  tendon  sheaths  should  be  closed  with  sutures. 

A  Single  External  Lateral  Flap  {second  joint).  (A,  Fig.  118.) — An  external 
flap  extending  to  the  middle  of  the  second  phalanx  shoidd  be  mapped  out'  and 
dissected  up;  it  .should  contain  all  the  soft  parts  down  to  the  tendons.  The  joint 
should  be    fully   flexed,    the  extensor  tendons  divided,  and    the  lateral  liga- 


AMPUTATI0X8  AND  DISARTICULATIONS. 


283 


merits  cut.  Extend  the  fingers  and  di\ude  from  below  upward  the  flexor  ten- 
dons and  the  glenoid  ligaments.  Fix  the  tendons  as  desciibed  above  and  close 
the  tendon  sheaths.     Ligate  the  digital  arteiies  if  necessary. 

Remarks. — The  last  method  is  of  advantage  when  the  skin  on  one  side  is 
either  destroyed  or  is  the  seat  of  disease.  As  a  rule,  it  is  not  wise  to  amputate 
a  finger  at  the  first  interphalangeal  joint,  as  it  leaves  a  .stiff  and  ordinarily  use- 
less stump.     The  exceptions,  according  to  Jacobson  and  Steward,  are : 

1st.  In  the  case  of  the  index  finger  the  proximal  phalanx  will  be  a  useful 
opponent  to  the  thumb,  as  in  holding  a  pen. 

2d.  In  the  case  of  the  little  finger,  leaving  the  proximal  phalanx  will  give 
greater   symmetry  to   the  hand  when  it  is 
flexed,  and  it  should  accordingly  be  left  if 
the  patient  desires  it. 

3d.  In  ca.ses  of  amputation  of  all  the 
fingers,  the  proximal  phalanx  of  one  should, 
if  possible,  always  be  left  to  oppose  the  thumb. 

4th.  Wien  a  patient  insists  on  ha\ing  the 
proximal  phalanx  left  after  the  risk  of  stiff- 
ness has  been  explained  to  him. 

DlS.\RTICULATION  AT  THE  METACARPO- 
PHALANGEAL Joint. — These  amputations  are 
done  more  frequently  than  any  of  the  opera- 
tions before  described.  The  second  and  thiixl 
fingers  are  amputated  either  by 

1.  The  oval  method,  or  by 

2.  Ecjual  lateral  flaps. 
1.  The  Oval  Method.—This  so-called  o\-al 

method  is  not,  as  some  think,  the  true  "en 
racjuette,"  nor  is  it  the  original  oval  method. 
Therefore  it  should  more  properly  be  called  a 
modified  oval  method.  The  incision  is  begim 
on  the  dorsum  of  the  hand,  about  three- 
quarters  of  an  inch  above  the  head  of  the 
metacarpal  bone.  The  knife  is  thrust  down 
to  the  bone  and  the  incision  cari-ied  forward 
over  the  head  of  the  metacarpal  bone,  on 
to  the  base  of  the  proximal  phalanx.     Here 

the  incision  branches,  and  the  blade  is  carried  obliquely  o\Tr  the  root  of 
the  finger,  first  over  one  side  and  then  over  the  other.  These  two  lateral 
cuts  are  joined  by  a  transverse  one  on  the  palm  of  the  hand.  {F,  Fig.  118.) 
The  tissues  may  now  be  divided  down  to  the  l)one,  the  extensor  tendons  being  cut. 
In  order  to  facilitate  the  work  of  the  opeiator,  an  assistant  should  se[)arate 


Fig.  121. — Amputations  and  Disarticu- 
lations of  the  Thumb  and  Fingers.  (From 
Treves'  "Operative  Surgery.")  A,  Dis- 
articulation by  special  externo-palmar 
flap;  B,  disarticulation  by  lateral  flaps; 
C,  amputation  by  unequal  dorso-palmar 
flap ;  D,  disarticulation  by  oblique  palmar 
flap;  E,  disarticulation  of  the  ring  finger, 
with  its  metacarpal  bone,  by  racquet 
incision ;  F,  the  same  operation  upon 
the  little  finger;  G,  Dubreuil's  disarticu- 
lation at  the  wrist. 
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uidcly  IVoni  tliis  tlic  other  fiiiRcM-s.  The  oxtcnsni'  Icndoiis  haviuji  liccn  divided, 
(he  wrist  and  tiie  coiideiiiiied  linecr  should  lie  e\t<'ii(led  and  llie  llexni' lendons 
divided  from  below  by  carrying  the  puiniar  incision  down  to  the  hone.  It  will 
now  be  easy  to  turn  the  finger  from  side  to  side,  deepcnmg  each  lateral  inci- 
sion, thus  severing  the  digital  arteries  on  either  side  as  well  as  the  hnnbricales 
and  interossei  muscles.  Aftei-  llie  flaps  have  been  dissected  back,  open  the 
joint  from  below,  severing  the  lateial  ligaments.  After  the  glenoid  (anterior) 
ligament  has  been  cut,  the  finger  is  icmoved.  The  digital  arteries  should 
be  ligated.  Tendon  slieaths  should  be  closed.  This  method  produces  a  vertical 
cicatrix. 

2.  The  Equal-Laleral-Fldjis  .1/c///or/.— Because  of  the  ea.se  and  speed  with 
whicli  these  flaps  may  Ijc  fashioned  under  certain  conditions,  as  when  one  is 
forced  to  operate  without  an  ana'sthelic,  etc.,  this  method  may  be  chosen; 
but  it  has  the  disadvantage  of  opening  uj)  the  palmar  tissues.  As  before,  the 
]i()int  of  the  blade  is  inserted  into  the  skin  about  three-fourths  of  an  inch  above 
the  head  of  the  metacarpal  bone,  and  the  incision  is  carried  across  each  lateral 
aspect  of  the  root  to  a  point  on  the  [lalmar  surface  which  corresponds  to  the 
centre  of  the  base  of  the  proximal  i)halanx.  This  procedure  will  recjuire  only 
two  incisions,  while  the  former  re(iuires  three.  Having  mapped  out  these  inci- 
sions the  surgeon  severs  the  tissues  down  to  the  bone,  opens  the  joint,  and  dixides 
the  tendons  in  the  manner  ah'cady  described. 

The  digital  arteries  will  require  ligation,  the  tendon  sheaths  should  be  sutured, 
etc.  In  every  case  where  strength  of  the  liand  is  required,  the  heatl  of  the  met- 
acariial  lione  sliould  lie  left;  l)ut,  if  the  patient  especially  desires  remo\-al  for 
the  cosmetic  effect,  it  may  be  done.  The  removal  should  be  accomphshed  by 
a  Gigli-Haertel  saw  or  a  fine  small  Butchei-'s  saw,  it  not  being  wise,  for  reasons 
already  stated  (i^age  274),  to  use  the  bone  forceps  for  this  purpose. 

Amput.\tion  of  the  Index  Finger. — It  becomes  necessary,  when  anqni- 
tating  this  finger,  to  use  a  method  that  will  yield  a  scar  on  the  inner  side  and 
away  from  the  thumb.  The  reason  is  aj^parent,  since  a  median  cicatrix  or  one 
])laced  toward  th.e  thumb  would  be  exposed  to  )3ressui-e  from  various  causes, 
especially  in  holding  a  pen.  A  satisfactory  scar  here  maj'  he  inixluced  (Treves' 
"Operative  Surgery"): 

"(a)  By  the  racquet  incision,  with  the  vertical  cut  placed  upon  the  side  of 
the  index  nearest  to  the  middle  finger,  and  with  the  incision  curved  a  little 
farther  on  the  radial  than  the  ulnar  side  of  the  digit.  In  the  latter  situation  it 
corresponds  to  the  web.     (D,  Fig.  118.) 

"(b)  By  unequal  lateral  flaps,  the  external  flap  lieing  the  larger. 
(Fig.  120.) 

"(c)  By  the  externo-palmar  flap  of  Farabeuf.  The  incision  commences 
at  the  joint  line,  just  to  the  radial  side  of  the  extensor  tendon.  It  is  carried 
along  the  outer  side  of  the  dorsum  nearly  as  far  as  the  centre  of  the  shaft  of 
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the  jjhalanx.  It  is  then  made  to  sweep  across  the  palmar  asj^ect  of  the  finger 
to  the  well.  From  the  web  it  jias-ses  liy  tlie  shortest  route  to  the  point  at  which 
the  inci.sion  commenced.''     (A,  Fig.  121.) 

Speci.\l  Operatiox  Ft>n  the  Little  Finger. — The  same  object  is  held  in 
view  in  amputating  the  little  finger  as  when  amputating  the  index,  namely, 
that  the  scar  shall  not  be  exposed  to  pressure.  Hence  its  location  .should  Iw 
internal  rather  than  external.  This  result  may  be  accompUshed  by  reversing 
the  method  described  for  the  index  finger,  that  is,  by 
having  (he  internal  flap  the  larger  instead  of  the  ex- 
ternal; by  making  the  raccjuet  incision  as -near  as 
])ossil)Ie  like  that  of  the  ring  finger;  and  I)}'  em- 
jjloying  the  interno-palmar  flap  of  Farabeuf  instead 
of  an  cxtcrnd-pnliiiar  flap.     (0,  Mg.  IIS.) 

A.\IinT.\TIOX.S      AXD     DlS.\RTICULATIO\S      OF     THE 

Thumb. — Surgical  Anatomy. — The  thuml)  has  only 
two  phalanges,  and  receives  its  blood  supijly  through 
four  digital  arteries  instead  of  two,  as  in  the  case  of 
the  fingers.  All  of  the.se  arteries  may  recjuire  liga- 
turing. In  disarticulating  the  thumb  at  the  meta- 
carpo-phalangeal  articulation  the  proximity  of  the 
raelial  artery  should  be  remembered ;  the  vessel  dips 
into  the  \n\\m  in  the  first  interos.seous  interspace. 
There  are  four  muscles  inserted  into  the  base  of  the 
first  i)halanx  of  the  thumb. 

Amputations  through  either  phalanx,  or  disartic- 
ulations at  the  interphalangeal  joint,  may  be  done 
by  any  one  of  the  several  ojierations  described  for  the  same  ]nir]iose  in  the 
paragraijhs  relating  to  the  fingers.  Di.sarticiilation  at  the  metacarpo-phalangeal 
joint  of  the  thumb  is  best  accomplished  by; 

(a)  The  oval  method; 

(h)  The  racquet  method; 

(c)  The  long  palmar  flap ;  and 

(d)  The  unecjual  lateral  flaps. 

The  oval  method,  in  the  case  of  the  thumb,  differs  in  no  respect  from  the  one 
already  described  for  disarticulation  at  the  metacarpo-phalangeal  joint  of  a 
finger.  The  racquet  is  practically  the  same  as  the  oval.  (See  Fig.  121.)  The 
long  lateral  flaji  is  of  ad\-antage  when  the  tissue  on  the  surface  alone  is  fit  for  use 
in  a  flap.  The  employment  of  a  "U-shaped  flap,"  according  to  the  method  of 
Farabeuf,  with  its  periphery  extending  to  about  the  middle  of  the  first  pha- 
lanx, is  the  best  plan  to  adopt  under  these  circumstances. 

If  unequal  lateral  flaps  are  chosen,  it  will  be  well  to  make  the  external  thi. 
longer,  as  this  will  throw  the  scar  inward,  doing  away  with  the  likelihood  of 


Fig.  122. —  Disarticul.ition 
of  the  Thumb  with  its  Meta- 
carpal Bone  by  a  Racquet  In- 
cision. (From  Tre\'es' "Oper- 
ati\'e  Surgery.") 
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pressure.  Tciuldii  sheaths  should  lie  closed,  etc.,  as  in  other  disarticulations 
already  dcscrilied. 

Amputation  through  the  Metacarpal  Bones. — It  will  sometiiues  be  iieces.sar3-, 
though  rarely,  to  amputate  through  one  or  inoic  of  t'.'e  metacarpal  hones. 
Tissues  of  the  ])almar  surface  should  l)e  utilized  for  the  i)iinci])al  flap  if  two  or 
more  of  these  bones  are  condemned.  If  only  one  metacarpal  is  to  be  sacrificed, 
then  a  racquet  incision,  with  the  dorsal  cut  prolonged  to  the  site  of  the  ])roposed 
division  of  the  bone,  Avill  be  useful.  The  head  of  the  bone  should  be  left  if 
possible,  as  it  adds  strength  and  symnieti-y  to  the  hand.  It  also  should  be  re- 
membered that  the  palmar  tissues  are  exposed  and  that  the  chances  for  infection 
are  thus  increased.  The  bone  should  be  di\-ided  by  a  Gigli,  chain,  or  small  tww 
saw.  Care  should  be  taken  not  to  wound  the  deep  palmar  arch.  It  will  bo 
well  out  of  the  way  when  the  bone  is  divided  at,  or  beyond,  its  middle.  The 
synovial  sac  of  the  carpus  shoukl  also  l)e  carefully  avoided. 

Amputation  of  the  Entire  Hand  at  the  Wrist.  (Figs.  123-127.) — While 
o]>jections  to  tliis  opei'ation  have  l)een  made,  there  can  be  no  doubt  about  its 
success  or  about  the  likelihood  that  a  useful  stump  will  be  secured  in  a  fair 
proportion  of  the  cases.  Some  maintain  that  amputations  at  the  wrist  yield  a 
heavier  mortality  than  do  amputations  through  the  lower  third  of  the  forearm. 
This  statement,  in  our  ojiinion,  has  not  been  verified.  Another  objection  has 
been  urged,  viz.,  that  it  is  more  difficult  to  provide  a  satisfactory  artificial  limb 
for  the  stump  resulting  fiom  this  o])eration  than  for  that  which  results  from  am- 
putation at  the  loAver  tliird  of  the  foreai'Ui.  AMiile  this  is  true  to  a  certain  ex- 
tent, it  does  not  hold  good  in  all  cases.  Still  another  objection  has  been  raised, 
viz.,  that  the  stump  is  slow  to  heal,  owing  to  the  numerous  tendons,  articulat- 
ing cartilages,  etc.,  which  it  contains.  If  thorough  asepsis  be  maintained  this 
objection  also  should  not  be  of  much  consequence.  Therefore,  although  we  are 
not  cham]3ions  of  this  ojjeration,  we  feel  that  there  is  no  sound  reason  why  it 
should  not  be  performed  in  suital:)le  cases. 

The  indications  for  operation  are : 

(a)  Injuries  so  severe  as  to  make  it  necessary  that  not  only  the  fingers  be 
sacrificed  but  also  the  rest  of  the  hantl. 

(b)  Disease  of  the  carpal  bones  in  cases  not  suitable  for  excision  of  these  bones. 

(c)  Gangrene  or  diffuse  suppuration  of  the  palmar  tissues. 

(d)  Burns. 

(e)  Cases  in  which  excision  has  failed. 

Surgical  Anatomy. — The  line  of  the  Avrist  joint  is  one-fourth  of  an  inch 
above  a  line  connecting  the  stj'loid  process  of  the  radius  Avith  that  of  the  ulna. 
The  skin  on  the  dorsum  is  thinner  than  that  on  the  palmar  surface  and  con- 
tracts more  readily.  The  point  of  the  styloid  process  of  the  ulna  is  on  a  level 
witli  the  joint.  There  are  four  principal  ligaments  belongmg  to  this  joint — 
two  lateral,  an  anterioi',  and  a  posterior.     The  anterior  annular  ligament,  though 
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smaller  than  the  posterior,  is  much  stronger.  There  are  six  compartments  for 
the  various  extensor  tendons  beneath  the  posterior  annular  ligament.  Tlie 
suj^erfieial  jialmar  arch  is  formed  by  the  ulnar  artery  and  its  anastomosis  Avith 
the  supcrficiaUs  vola?  branch  of  the  radial.  Tliis  is  usually  the  case,  though  in 
rare  instances  the  radiahs  indicis  or  the  princeps  poUicis  enters  into  this  anastomo- 
sis. Tlie  .superficial  palmar  arch  is  larger  than  the  deep.  It  gives  off  the  digital 
branches  to  the  fingers.  The  line  indicating  this  arch  is  drawn  from  the  web 
of  the  extended  thumb  aci'oss  to  the  ulnar  side.  The  jjalmar  fascia  lies  over 
the  superficial  arch.    The  deep  jialmar  arch  is  formed  by  the  radial  artery  and 


Fig.  123. — Disarticulation  at  tlie  Wrist.      Lines  of  incision,  anteriorly  and  posteriorly,  for  the  long 

pahnar-flap  operation.      (Farabeuf.) 

its  communication  with  the  deep  branch  of  the  ulnar.  This  arch  is  under 
the  flexor  tendons  on  the  metacarjial  lioncs,  and  is  one  finger's  breadth  nearer 
the  wrist  than  the  superficial  arch. 

Disarticulations  at  the  Wrist.— ]\Iethods.— Several  methods  are  used 
for  removing  the  hand.  The  best,  as  we  lielieve,  is  either  the  long  palmar  flap 
or  the  elliptical.     Of  these  raethods  the  following  six  deserve  to  be  mentioned : 

1.  Long  palmar  flap. 

2.  Elliptical  flap. 

3.  Equal  anterior  and  posterior  flaps. 

4.  Method  of  Dubreuil.     (G,  Fig.  12L) 

5.  Circular  flap. 

6.  Long  dorsal  flap. 

1 .  Long  Palmar  Flap.  (Fig.  1 2'S.) — The  brachial  artery  .should  be  secured  either 
by  a  tournicjuet  or  by  the  pressure  of  an  assistant's  fingers.  The  condemned 
hand  should  be  supinated  and  either  supported  by  an  assistant  or,  better,  by  a 
table  on  which  is  spread  a  sterile  sheet.  After  having  abducted  the  thumb  so  as 
to  ])ut  the  palmar  ti.ssues  on  the  stretch,  the  operator  starts  his  incision  over  the 
styloid  process  of  the  radius,  carries  it  on  to  the  thenar  eminence,  and  then  sweeps 
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across  tlu'  piilm,  (in  Ihr  lc\cl  willi  the  .siipcrlicial  |i;iliiiai'  arch,  to  tlic  liypothc- 
nar  enihience,  wliei'c  tlic  incision  turns  to  piiTsuc  a  downward  direction  until 
it  ends  at  the  stj'loid  process  of  the  idna.  The  Hap  having  now  been  outhned, 
the  incision  is  next  deepened,  ami  llir  Hap  (Hssected  up  in  sucli  a  manner 
that  it  includes  not  only  all  the  tissues  down  to  the  Hexor  tendons,  but  also 
portions  of  the  thenar  and  liypothenai-  nuiscles.  If  portions  of  these  muscles 
remain  in  the  flap,  the  nutrition  of  the  parts  will  be  imjiroved.  The  iiand  should 
now  1)(>  ]ji-onated  and  flexed  and  a  slightly  convex  incision  should  be  made  be- 
tween the  styloid  process  of  the  ulna  and  the  same  process  of  the  radius  (Fig.  120). 
The  skin  thus  divided  should  be  dissected  up  to  the  joint  line.  Flexing  the  hand 
still  further,  the  operator  may  Ojx'n  the  joint  from  either  side.  The  ligaments 
are  next  divided.  The  tendons  luiAing  been  cut  srjuarely  Ijy  a  bold  circular 
sweep  of  the  amputating  knife,  the  hand  is  removed.  It  is  well  to  leave  the 
articidar  cartilages  unless  they  are  diseased,  shice,  to  remove  them  completely, 


Fig.   124. — Disarticulation  at  tlie  Wrist.     Lines  of  incision,  anteriorly  and  posteriorly,   for  the 
elliptical-flap  operation.      (Farabeuf. ) 

the  bones  would  have  to  be  divided  above  their  le^■el,  thus  interfering  with  sul)- 
sequent  pronation  and  supination.  The  tips  of  the  styloid  processes  of  both 
bones  should  be  sawn  off.  Care  should  be  used  not  to  open  the  radio-ulnar  joint, 
and  the  operator  may  avoid  this  by  keeping  the  point  of  the  knife  directed 
toward  the  carpus.  Should  this  joint,  however,  be  opened,  pronation  and 
supination  may  ])e  interfered  with.  The  radial,  ulnar,  superficialis  volae,  and 
interossei  arteries  and  one  or  two  of  the  larger  l)ranches  of  these  vessels  will 
have  to  be  ligated.  All  divided  tendons  having  been  trimmed,  the  open 
mouths  of  sheaths  having  been  stitched,  suitable  drainage  having  been  provided, 
etc.,  the  wound  may  be  closed. 

2.  Elliptical  Disarticulatio7h  (Fig.  124.) — This  method  gives  good  results  and 
provides  a  covering  for  the  bones  in  much  the  same  manner  as  does  a  long  pal- 
mar flap.  The  highest  point  of  the  ellipse  should  be  on  the  dorsal  surface  of  the 
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hand,  to  the  inner  side  of  the  midline  and  about  half  an  inch  heknv  the  joint  line. 
The  lowest  point  should  be  on  the  jjalmar  surface  about  two  inches  below  the  level 
of  the  highest  point  and  in  a  line  with  the  middle  finger.  It  is  best  to  mark  out  the 
palmar  i>art  first,  the  patient's  hantl  being supinated  and  tire mcision  being  com- 
menced on  the  left  side.  Pronate  the  hand  and  mark  out  the  dorsal  part.  (Fig. 
123.)  Deepen  the  incision,  dissect  up  both  flaps  as  far  as  to  the  joint  line,  flex  the 
hand,  and  attack  the  joint  from  the  dorsal  aspect  as  before.  Divide  lateral  liga- 
ments, extensor  tendons,  and  the  posterior  ligament.  Then,  with  tlic  knife  in  the 
joint,  cut  the  anterior  ligament  and  the  flexor  tendons  from  within  outward. 
RemoA'e  the  hand  and  ligate  the  radial  artery  which  has  been  cut  in  the  act  of 
disarticulating,  and  which  will  be  found  in  the  outer  extremity  of  the  wound. 
The  cut  end  of  the  ulnai- will  also  I'cquire  ligation,  as  may  one  or  two  of  its  larger 
branches.  The  open  mouths  of  the  tendinous  slieatlis  ha^■illg  been  stitched, 
provide  for  drainage  and  close  the  Avound. 

In  i-egard  to  the  other  four  methods  no  special  tlescription  is  required. 

Amputation  of  the  Forearm. — Surgical  Anatomy. — The  lower  third  of  the 
foreaiui  j)resents  two  nearly  flattened  surfaces,  its  shape  being  due  to  the 
scarcity  of  muscular  tissue  and  the  abundance  of  tendons.  In  the  upper  two- 
thirds  both  anterior  and  posterior  smfaccs  are  somewhat  roimded,  OA\dng  to  the 
mass  of  muscular  tissue  found  in  this  region.  On  the  anterior  surface  the  bundle 
of  nuiscles  is  considerably  thickei'  than  on  the  i)ostei'ior,  a  circumstance  which  is  of 
importance  in  regard  to  securing  flaps.  The  transverse  diameter  at  this  portion 
of  the  limb  is  greater  than  the  antero-i)osterior.  Both  radius  and  ulna  lie  nearer 
the  jjosterior  surface  than  the  anterior.  The  arterial  sujjply  of  the  forearm  is 
furnished  by  the  radial,  the  ulnar,  and  the  posterior  and  anterior  interossei. 
There  are  also  muscular  and  collateral  liranches  which  require  ligation  after  am- 
putation of  the  limb.  The  radial  artery  extends  dowiiward  from  the  bend  of  the 
elbow  to  the  front  of  the  wrist,  where  it  passes  outward,  crossmg  the  AM'ist  joint, 
to  reach  the  back  of  the  carpus.  Its  relations  in  the  forearm  are  as  follows: — 
Externally,  it  is  bounded  by  the  supinator  longus  and  the  external  vena  comes, 
in  the  middle  third  it  also  has  the  radial  nerve  on  its  outside;  in  the  lower  third 
the  nerve  is  likewise  external,  although  the  supinator  longus  lies  between  the  artery 
and  the  nerve.  Internally,  it  is  Ijoiuided  alioA'e  by  the  pronator  radii  teres  and 
below  by  the  flexor  carpi  radialis.  The  internal  vena  comes  accompanies  the  ar- 
tery throughout  its  course.  In  front,  it  is  overlapped  slightly  by  the  supinator 
longus.  Behind,  it  lies,  from  alxive  downward,  u]>on  the  tendon  of  the  biceps,  the 
supinator  brcvis,  the  radial  origin  of  the  flexor  sublimis  digitorum,  the  flexor  lon- 
gus pollicis,  and  the  pronator  cjuadratus.  The  ulnar  artery  lies  beneath  the  super- 
ficial muscles  of  the  forearm.  To  its  inner  .side  lie  the  flexor  carpi  ulnaris  and 
the  ulnar  nerve,  in  the  lower  two-thiixls  of  its  course.  To  the  outer  side,  in  the 
lower  two-thirds  of  its  course,  is  the  flexor  sublimis  digitorum.  The  interosseous 
arteries  run  along  the  anterior  and  posterior  surfaces  of  the  interosseous  mem- 
voi,.  IV.— 19 
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l)i'ane.  If  tlio  relations  of  tlic  i-adial  and  nlnai'  arteiies  be  borne  in  iiiiiid,  the 
ligation  of  these  vessels  in  tlie  stnnip  will  l)e  facilitated.  AMiencNcr  possiJjie 
the  insei'lion  of  the  pronator  radii  teres  on  the  middle  of  the  ontei-  sni-faee  of  the 
radius  should  Ije  preserved.  If  the  arm  lie  amputated  abox'e  this  ])oint,  the 
bleeps  and  su])inator  bre\'is  \\  ill  I  nrn  the  I'iidius  ()ut\\ard,  and  thus  the  mo\'ements 
of  rotation  will  be  abolished. 

Since  the  interosseous  spac(>  is  widest  when  the  fcjrearm  is  in  the  position 
of  supination,  it  should  be  held  in  this  position  when  the  interosseous  mem- 
brane is  divided. 

Methods  of  Ampvt.^tiox. — The  followinji  iin'thnds  Mill  be  described: 

1.  The  circular. 

2.  The  modified  circuiar. 

3.  The  nietliod  by  equal  anterior  and  postei'ior  flaps. 

The  method  enqjloyed  will  vary  according  to  the  part  of  the  limb  through 
which  the  amputation  is  ])erformed.  For  the  loM'er  third  the  circular  or  modi- 
fied circular  gives  the  best  results,  luit  for  the  remaining  two-thirds,  where  there 
is  an  abundant  supply  of  muscle,  either  the  modified  circular  oi-  the  method  by 
equal  anterior  and  posterior  flaps  should  be  employed.  For  the  lower  third  we 
prefer  the  modified  circulai-  to  the  circular,  as  it  does  away  with  the  teat-like 
]irojection  of  skin  at  either  angle  of  the  flap  which  is  formed 
by  suturing.  These  projections,  however,  promptly  disappear 
after  healing. 

The  instruments  required  are  a  scalpel,  an  amputating 
knife,  an  amjjutating  saw,  scissors,  from  twelve  to  eighteen 
luemostatic  forceps,  di.ssecting  forceps,  curved  and  straight 
needles,  a  three-tailed  retractor,  and  an  I'^smarch  bandage 
01'  a  tourniquet. 

1.  Circular  Metliod.  (Fig.  125.) — The  first  step  is  to  apply 

the  Esmarch  bandage  to  the  arm,  or,  in  case  of  malignant  or 

,        septic  disease,  to  hold  the  limb  vertical  for  a  few  minutes  and 

1  Hi.  12.). — C  iriular  ' 

Amputation  of  the  then,  wlieu  it  lias  become  bloodless,  to  apply  the  tourniquet 
orearm  in  is  oner  ^j^oyp  (-j^g  elbow,  thus  comprcssing  the  brachial  artery.  "\Mien 
this  has  been  done  the  assistant  takes  his  place  to  the  left  of  the 
limb  which  is  to  be  I'emoved ,  standing  oppo.site  to  the  surgeon. 
The  first  assistant  manipulates  and  steadies  the  arm  and 
forearm.  Other  aid  in  the  way  of  ,si)onging,  ligatiu-ing,  etc., 
maybe  rendered,  if  necessary,  by  a  second  assistant.  The  line  at  which  the 
bones  are  to  be  sawn  is  first  decided  upon.  To  determine  the  level  at  which 
the  skin  is  to  be  divided,  measure  the  circumference  of  the  forearm  at  the  line  of 
proposed  bone-section  and  .select  a  point  distant  one-fourth  of  its  circumference 
below.  Thus,  if  the  circumference  of  the  limb  at  the  line  where  it  is  i^rojjosed 
to  saw  the  bone  is  eight  inches,  the  skin  incision  should  be  made  two  inches  below 


Tliird.  Tlie  fainter 
wliite  line  above 
sliows  at  about  wiiat 
level  the  bones  should 
be  sawed  across. 
(Farabeuf.) 
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tliis  line.  The  circular  skin  iuciyiou  may  be  made  with  a  scalpel,  the  surgeon 
cutting  carefully  and  slowly;  or  it  may  be  made  with  one  sweep  of  the  amputat- 
ing knife,  which  is  di;n\n  arovuid  tlic  liml)  irom  heel  to  jioint.  The  experienced 
surgeon  may  employ  the  latter  methcxl  with  safety  and  precision:  the  occasional 
operator,  however,  will  do  better  to  use  the  former.  Skin  and  fascia shovild  be  com- 
pletely and  evenly  divided  do\Mi  to  the  nmscles.  To  facilitate  their  division  the 
assistant  shovild  turn  the  forearm  first 
in  one  direction  and  then  in  another  so  as 
to  bring  its  entire  circumference  into 
view.  AMien  this  has  been  done  the  cuff 
is  dissected  up  as  far  as  the  line  of  bone 
section.  The  manner  in  which  the  scal- 
pel is  held,  while  this  manipulation  is 
being  carried  out,  is  important.  Its  edge 
should  be  directed  toward,  instead  of 
away  from,  the  l)ones,  so  as  to  avoid  un- 
necessary interference  with  the  blood 
supply  of  the  integuments.  The  muscles 
are  divided  one-half  or  three-cjuarters  of 
an  inch  below  the  line  of  bone-section 
(Fig.  126).  This  may  be  done  by  a  cir- 
cular sweep  of  the  knife,  or  liy  inserting 
it  in  the  flap  beneath  all  the  soft  tissues, 
first  on  one  surface  of  the  limb  ancj  then 
on  the  other,  and  cutting  outward  so  as  to 
form  two  short  flaps.  Tlie  tendons  should 
be  carefully  retracted.  The  bones  are  now  well  cleared,  the  interosseous  mem- 
brane divided,  the  three-tailed  retractor  applied,  and  the  bones  savm  through 
simultaneously.  The  bl()()d-\essels  are  tied  with  catgut.  The  arteries  requiring 
ligation  are  the  radial,  the  ulnar,  the  posterior  interosseous  (sometimes  also 
the  anterior  interosseous),  and  the  artery  accomjmnying  the  median  nerve,  as 
well  as  certain  muscular  branches.  The  nerves  are  cut  off  high  up,  and  the  cuff 
of  skin  is  drawn  down  o\er  the  stump  and  closed  with  interrupted  silkworm- 
gut  .sutures.  Drainage  is  enijjloyed  for  fiom  twentj^-four  to  fortj'-cight  hours. 
The  limb  is  i)laced  midway  between  pronation  and  sujnnation  and  supported  on 
an  internal  angular  spUnt. 

2.  Modified  Circular  Method. — The  steps  of  this  method  are  jiracticall}-  the 
same  as  those  of  the  circulai-  method,  the  only  difference  being  in  the  manner  of 
making  the  skin  flaps.  In  regard  to  the  modification,  we  prefer  to  adopt  Lis- 
ten's method  of  making  two  short  semilunar  tegumentary  flaps  instead  of  adding 
the  vertical  incisions  to  the  circular,  as  shown  in  Fig.  120.  In  addition  to  pre- 
venting the  formation  of  the  teat-like  j)i(>jections  at  either  angle  of  the  cicatrix, 


Fig.  120. — Circular  Method  of  Amputating  the 
Forearm — *^  Amputntiot)  a  In  tiianchette."  (From 
Treves'  ''Operative  Surgery.") 
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iJiis  iiictluid  aft'onls  a  hifjlicr  cxixismv  of  llic  Ixnios  than  tloos  (he  ordinary  cir- 
ciihir  method.  The  poHti'rior  ^^kin  llap  ^^liould  he  made  somewhat  longer  than 
tlie  anterior. 

3.  Method  by  Eqiud  Antero-poslerior  Flaps.— Jn  amputating  tlu'ouph  the 
uijper  t^\•o-thirds  of  the  forearm  antero-jjosterior  U-shaped  flaps  are  employed. 
The  base  of  each  flap  should  be  equal  to  one-half  the  circumference  of  the  limb 
at  the  line  of  bone-section.  Their  lengtli  .^liould  be  equal  to  thi-ee-fourths  the 
circumference.  \^Tien  the  light  forearm  is  to  Ije  anijjutated  the  incision  is 
begun  on  the  radial  border  of  the  limb;  when  the  operation  is  to  be  performed 
on  the  left,  it  is  begun  ui)on  the  ulnar  border.  (Fig.  12.5.)  The  surgeon  stands 
in  front  of  the  hmb,  which  is  held  in  a  ])osili(>n  of  sujdnation  by  an  assistant, 
and  outlines  the  anterior  tegumentar)-  incision  first  and  then  the  posterior, 
taking  care  to  sejjarate  the  skin  and  subcutaneous  tissues  thoroughly  from 
the  underlying  muscles.     The  limbs  of  the  U  should  not  correspond  exactly 


Pig.  127. — Amputation  of  the  Forearm  by  Antero-Posterior  Skin  Flaps,  with  Circular  Division  of 
Muscles,  etc.      (From  Jacobson  and  Steward:    "The  Operations  of  Surgery.") 

to  the  lateral  margins  of  the  arm,  but  be  slightly  removed  from  them;  other- 
wise a  semilunar  and  not  a  U-shaped  incision  will  be  made.  The  assistant 
now  flexes  the  forearm,  and  holds  it  vertical  while  the  operator  makes  the 
posterior  incision  uniting  the  limbs  of  the  U.  After  the  skin  has  retracted,  the 
arm  is  held  horizontal,  but  still  in  slight  flexion,  and  the  nmscular  flaps  are  cut 
by  transfixion.  The  amputating  knife  is  introduced  first  beneath  the  tissues  on 
the  anterior  surface  of  the  hmb,  and  is  then  made  to  pass  as  close  to  the  bones 
and  interosseous  membrane  as  possible.  As  the  knife  is  about  to  be  carried 
through  the  tissues,  from  above  downAvard,  the  assistant  extends  the  hand  and 
draws  the  muscles  down  toward  the  wrist.  (Fig.  127.)  The  posterior  muscular 
flap  is  cut  in  the  same  manner,  the  hand,  howe\'er,  being  flexed  and  the  muscles 
pushed  upward  as  they  are  transfixed.  It  is  more  difficult  to  jaass  the  knife 
beneath  the  tissues  on  the  posterior  surface  than  on  the  anterior,  and  the  left 
hand  as  well  as  the  right  may  have  to  be  used  to  help  insmuate  it.  After  the 
muscular  flaps  have  been  cut  and  the  remaining  shreds  of  muscular  tissue  and 
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the    interosseous  membrane   divided,    the    three-tailed    retractor   is    applied; 

after   which   the  bones  are  sawni    through.     The  radial,   uhrar,   and  interos- 
seous arteries   are  now  tied  with 

catgut   and    tlie    nerves    are    re- 
sected   high   up  in    the    anterior 

flap.     Catgut  sutures  may  be  used 

to  secure  the  muscular  flaps  over 

the  ends  of  the    bones.     The  skin 

flaps  are  brought    down  over  the 

stump  thus  foi-med,  and  are  united 

by  a  series   of   interrupted    silk- 
worm-gut   or    horsehair    sutures. 

Drainage   is    employed    for    fi'om 

twenty-four  to  forty-eight    hours, 

when  the  limb  is  placed   Ujion    a 

suitable  splint  and   held    midway 

between  i>r()nation  and  supination. 

The    resulting    cicatrix    is    trans- 
verse.    As     already    statetl,     the 

modified   circular   method   is  also 

applicable    to    this    part   of    the 

forearm,  and  at   the  present   time 

there  is  an  inci-easing  tendency  to 

employ  it.     We  decidedly  prefer  it 

and  believe  that  it  is  easier  of  execution,  speedier,  and  adapted  to  every  con- 
dition which  the  surgeon  is  likely  to  meet. 
Moreover,  we  always  avoid,  when  possible, 
making  flaps  by  transfixion.  The  character 
of  the  stump  which  is  left  after  heaUng  has 
taken  place  in  the  modified  circular  operation, 
may  be  judged  from  the  accompanying  pho- 
tograph.    (Fig.  1.30.) 

Amputations  at  the  Elbow  Joint.  (Figs. 
131-134.) — Amputation  at  the  elbow  joint  may 
be  employed  for  injury,  for  malignant  tumors 
of  the  upper  portion  of  tl)e  bones  of  the  fore- 
arm, for  gangrene  of  the  stump  after  an  am- 
putation through  the  limb,  for  osteomyelitis, 
etc.  Although  the  operation  has  been  crit- 
FiG.  129.— Amputation  of  the  Fore-     icised  frequently,  there  is  no  doubt   that  it 

armbyTran.fiNionFlai«.      (After  Fer-       „,a       ,3e  UScful    in    Selected    CaSeS.       If   there    is 
gvisson,    from    Jacobson   and  bteward: 

''Operations  of  Surgery.")  ciiough    hcaltliy   skiii    to  covcr  the   iiTcgular 


Fig.  128. — Partial  Amputation  of  the  Forearm, 
accorcliiig  to  the  Double-Flap  Method.  The  posterior 
incision  is  made  by  a  single  sweep  of  the  knife  held  in 
the  surgeon's  right  hand,  while  his  left  hand  grasps 
the  patient's  wrist.  In  the  picture  the  two  attitudes  of 
the  surgeon's  right  hand  are  represented,  viz.,  that  in 
which  the  incision  is  begun  and  tliat  in  which  it  is 
about  to  end.  The  arrow  shows  the  direction  in  which 
the  knife  moves.      (Farabeuf.) 
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lower  iii'ticiilar  surface  of  llie  liiiiiienis  it  would  .seem  to  1k'  a  rational  surgical 
procedure  to  disarticulate  the  bones  of  the  forearm  instead  of  sawing  away  a 
portion  of  the  humei'Us.  Hemorrhage  and  exfoliation  of  the  cartilage  are  im- 
aginary dangers  and  can  no  longer  be  considered  valid  objections  to  the  operation. 
The  stump  is  well  adapted  for  the  support  of  an  artificial  limb,  ^'arious 
methods  have  been  ])ractised  in  this  operation.  The  essential  thing  is  to  se- 
cure enough  tissue  in  the  flaps  to  cover  the  lower  end  of  the  humerus  effectu- 
ally, and  therefore  the  method  selected  will  depend  more  upon  the  condition  of 
the  affected  limb  than  upon  any  hai'd-and-fast  rule.    Tlius,  when  the  tissues 


Fig.  130. — Stump  after  Amputation  of  tlie  Lower  Thiril  of  the  Forearm.      (Author's  case.) 


on  the  anterior  surface  of  the  elbow  anti  upper  i)art  of  the  forearm  are  intact,  a 
good  flap  may  be  obtained  by  an  anterior  elliptical  incision  or  by  a  large  U- 
shaped  cut;  when  the  reverse  condition  obtains,  a  posterior  ellipse  may  be 
made.  If  the  tissues  on  the  internal  aspect  of  the  joint  have  been  nearly  or 
entirely  destroyed,  as  sometimes  happens  in  cases  of  severe  injiuy  or  of  gim- 
shot  wounds,  a  flap  from  the  external  aspect  of  the  joint  may  be  utilized  to 
meet  the  defect. 

Uneciual  anterior  and  posterior  flaps  may  also  be  designed  ^^"here  both  of 
these  surfaces  have  been  so  injuied  that  neither  affords  enough  tissue  to  consti- 
tute an  adequate  flap.  In  a  word,  the  method  employed  may  be  varied  a  great 
deal  according  to  the  good  judgment  and  ingenuity  of  the  surgeon,  who  will  en- 
deavor to  save  the  upper  arm  in  its  entirety  whenever  j^ossible.  And,  too,  the 
saving  of  the  insertions  of  the  brachialis  anticus  and  the  triceps  muscles  by 
sawing  the  bones  below  the  points  of  insertion  adds  vigor  to  the  stump.  At 
the  same  time  some  advantage  is  gained  in  this  respect  by  saving  the  olecranon 
process. 

Surgical  An.\tomy. — The  bones  entering  into  th.e  formation  of  the  elbow 


A.MPUTATIONS  AND   DISARTICULATIONS. 


295 


joint  are  bound  together  by  the  cap.sular  hgament,  wiiicli  becomes  thickened 
at  the  side8  to  form  the  external  and  internal  lateral  ligaments.  The.se  two  are 
the  onl}'  ligaments  of  importance  so  far  as  amputations  are  concerned.  The 
external  lateral  ligament  is  attached  above  to  the  external  condyle  of  the 
humerus,  below  to  the  orliicular  ligament.  The  internal 
lateral  ligament  is  attached  above  to  the  internal  con- 
dyle of  the  humerus.  Below,  it  divides  into  two  jjarts, 
the  anterior  of  Avhich  is  attached  to  the  inner  margin 
of  the  coroiioid  itroce.ss,  the  jiosterior  to  the  inner  margin 
of  the  olecranon.  In  disarticulating  it  is  better  to  divide 
the  external  and  lateral  ligaments  before  attacking  the  in- 
ternal, as  the  latter  is  l]etter  di\-ided  when  the  relaxation 
secured  by  diN'ision  of  the  former  permits  the  forearm  to  be 
forcibly  extended  and  turned  inwaid.  In  regard  to  the 
muscles  in  the  vicinity  of  the  joint  it  should  be  remembered 
that  only  tho.se  of  the  forearm  can  be  utilized  in  securing 
a  flap.  Care  should  be  taken,  however,  to  divide  them  as 
low  down  as  possible,  and  particularly  to  separate  tlie 
triceps  completely  from  the  olecranon  when  it  is  not 
advisable  to  save  it.  The  brachial  arteiy  usually  divides 
into  the  radial  and  ulnar  at  a  point  opjiosite  the  neck  of  the 
radius;  but  anomalous  division  of  tliis  ves.sel  is  not  un- 
connnon.  Close  to  its  pdiiit  of  oi-igin  tlu'  ulnar  gives  ofi'  the 
connnon  interosseous,  which  at  once  divides  into  its  an- 
terior and  jjosterior  branches.  The  connnon  interos.seous 
will  thus  l)e  included  in  the  posterior  part  of  the  an- 
terior flap.  The  i)osterior  ulnar  recurrent,  together  with 
the  superior  jirofunda  at  the  outer  condyle  and  the  interior 
profunda  at  the  inner  condyle,  may  also  I'ecjuire  to  be 
ligated.  In  regard  to  the  joint-line,  it  may  be  .said  that  in- 
spection of  the  elbow  will  enable  one  to  determine  it  witliout  difficulty,  as 
the  anterior  crease  at  the  elbow  lies  just  above  it.  The  joint-line  itself  is  not 
transverse  throughout  its  entire  extent,  its  humero-ulnar  portion  being  oblique. 
For  this  rea.son  it  will  be  found  easier,  when  disarticulating,  to  in.sert  the  knife 
at  the  horizontal  humero-radial  portion  and  separate  it  before  attacking  the 
humero-ulnar  part.  The  chaiacteristics  of  the  skin  over  this  joint  are  also  of 
importance.  That  on  the  anterior  surface  is  very  retractile,  so  that  much  more 
than  is  actually  recjuired  to  cover  the  stump  must  be  available  if  an  anterior 
flap  is  to  be  employed.  That  on  the  posterior  surface  retracts  less. 
Methods. — The  methods  here  described  are : 

1.  The  anterior  elliptical  flap. 

2.  Tlie  large  anterior  flap. 


Fig.  131.— Anterior 
Aspect  of  the  Right 
Elbow.  Lines  of  in- 
cision employed  in  the 
operation  for  disarti- 
culation when  it  is  de- 
cided to  make  a  fairly 
long  anterior  flap  witli 
abroatlbase.  At  its  in- 
ner end  this  base  is  dis- 
tant a  finger's  breadth 
from  a  line  connecting 
the  two  condyles:  at 
its  outer  end  the  dis- 
tance amounts  to  the 
breadth  of  two  fingers. 
(Farabeuf.) 
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3.  Tlic  piistrrior  (■lli])lical  fl;i|), 

4.  Tlic  liirfic  cxtcinul  flap. 
The  instrunicnf.s  iiccik-d  are  a  large 

strong  scalp(^l,  an  amputating  knife, 
an  ampul aliiig  saw,  scissors,  a  dozen 
lut'mostatic  Inrccps,  ami  (•ur\'('(l  and 
straight  needles. 

1.  Autvriitr    I'^llijilicnl    Flap.  —  The 
liml)   is   held   ul    a   rigid   angle   to   the 
l;(idy  I))'  an  a.ssistant  who  stands  oppo- 
site the  surgeon.     The  incision  is  begun 
W^^lk  BBHb^K'^^^^        over'  the  ti])  of  the  olecranon  process,  is 

"   *'  carried  around  to  tile  anterior  surface  of 

the    forearm,    then     is    curved    to    the 
opposite  bordei',   and  finally  is  carried 
L  u  obliquely  over  the   jjosterior  aspect  to 

T    ^;^-/32.-Posterior  Aspect  of  tl.e  Right  ancl       ^j^^  -^^^     ^^^j^^^.^    j^    ^^,^^    ^^,^^    ^{^^i^^. 

Left   J^lbows,   sliowmg  the  OuUines  of  the  \lX~  ^ 

liptical  Inci.sion  employed  in  nisartieulation  of 
this  Joint.  In  tlie  right  elbow  (i?)  tlie  relations  of 
the  nnderlying  bones  to  the  incision  are  shown ; 


and  attention  is  called  to  the  fact  that  here  the 
incision  is  almost  lozenge-shaped.       (Farabeiif.  1 


This  incision  involves  only  the  integu- 
ments. (Fig.  133.)  The  forearm  is  now 
slightly  flexed,  and  the  anterior  muscu- 
lar flaj)  is  cut  by  transfixion,  the  ampu- 
tating knife  being  inserted  tlirough  the  nuiscles  as  close  to  the  jdint  as  possible. 

This  cut  should  lie  made  obliiiiu-ly.     Tlie 

bones  are  now  freed  from  the  remaining 

muscular  tissue  at    the   joint-line,   and 

disarticulation  is  begun.     The  anterior 

ligament  is  cut  first,  next  the  external 

lateral,  and   then   the    internal  lateral. 

The  olecranon  is  now  pulled  away  from 

the  trochlear  surface  and  the  jJosterior 

ligament  and  tlie  fibres  of  the  triceps  are 

divided.     The  radial  and   ulnar  nerves 

should  be  divided  high  up,  the  vessels 

ligated  with  catgut,  and  the  flap  dra\\'n 

up  over  the  lower  end  of  the  humerus 

and  sutured  with  silkworm  gut  to  the 

posterior  margin  of  the  wound.     Drain- 
age should  be  employed. 

2.  Large  Anterior  Flap.    (Fig.  131.) — 

The  flap  is  U-shaped,  the  outei'  (radial) 

limb  of  the  U  being  longer  than  the  inner 

owing  to  the  greater  retractility  of  the 


Fi 


■  Aspect  of  the  Right  (R) 
and  Left  (L)  Forearms,  Showing  Lines  of  Inci- 
sion Required  in  Disarticulating  the  Elbow. 
Note  how  the  anterior  branch  of  tlie  U  rises  to  a 
point  considerably  lower  down  than  that  reached 
by  the  posterior  branch,      (.\fter  Farabeuf.) 
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skin  on  the  outer  aspect  of  the  elbow.  Farabeuf  directs  that  the  base  of  the  U 
l)e  more  than  efjual  to  one-half  the  circumference  of  the  limb.  Its  length  will 
var}-  Avith  the  condition  of  the  tissues.  Less  than  four  inches  cannot  lie  consid- 
ered ample  length  after  allowance  for  retraction  is  made.  The  first  incision 
involves  only  the  skin  and  shoukl  lie  made  with  the  liml)  in  the  supine  position 
and  well  extended.  The  j^osterior  incision  connects  the  hmbs  of  the  U:  its 
direction  should  he  slightl}-  oblique  owing  to  the  difference  in  length  of  the 
two  limbs.  The  integuments  are  now  retracted  and  the  muscular  flap  cut  by 
transfixion.  The  remaining  steps  of  the  operation  are  the 
same  as  in  the  method  which  employs  an  anterior  elliptical 
flail. 

'S.  Posterior  Elliptical  Flap. — This  nu'tliod  differs  from 
that  of  the  anterior  elliptical  flap  in  that  tlie  ellipse  is  be- 
gun on  the  anterior  aspect  of  the  joint  and  completed  on 
the  jiosterior  surface  of  the  forearm.  Thus  the  flap  is 
formed  largely  of  the  thin  skin  which  covers  the  elbow,  the 
blood  supply  of  which  is  not  so  good  as  that  of  tissues  used 
in  the  construction  of  the  anterior  elliptical  flap.  The  in- 
cision is  l)egun  one  inch  Ijelow  the  internal  condyle,  is 
cur\-ed  ujiward  to  the  joint-line,  and  is  then  carried  down- 
ward along  the  external  Ixirder  to  a  i)oint  half  an  inch 
below  the  level  at  which  it  was  begun  on  the  internal  l.)or- 
der.  (Fig.  130. )  The  ellipse  is  now  completeil  by  carrying  a 
curved  incision  ai'ound  the  posterior  surface  of  the  foi-earm 
and  making  its  lowest  point  at  least  three  inclics  Iielow  the 
til)  of  the  olecranon.  Ashhurst  directs  that  the  anterior 
bundle  of  muscles  be  divided  half  an  incli  below  the  joint- 
line.     In  this  amputation   the  brachial   artery  may  be  di-     "'th  t^e  joint 

,    .    P      .  abeuf.) 

vided  above  its  bifurcation:  the  superior  and  uifenor  pro- 
funda will  also  recjuire  ligation.     Disarticulation  and  closure  of  the  wound  aie 
effected  in  the  usual  manner. 

4.  Large  Exlernal  Flap. — lu  amputating  by  the  method  which  calls  for  a 
single  external  flaji  the  foi-earm  is  held  midway  between  pronation  and  supina- 
tion, and  an  incision,  beginning  at  about  the  middle  of  the  radial  Ijorder,  is 
curved  across  the  forearm  and  then  carried  A'ertically  upward  on  the  posterior 
surface  to  a  point  on  a  level  with  the  joint-line  and  just  external  to  the  olecranon. 
Another  incision,  which  should  begin  at  the  starting-point  of  the  one  just  de- 
scribetl,  is  carried  upward  in  front  of  the  radius  along  the  internal  border  of  the 
supinator  longus,  l^eing  terminated  about  an  inch  below  the  joint-line,  thus 
being  somewhat  shorter  than  the  jnimary  incision.  These  incisions  form  a  L'- 
shaiied  flap.  (Fig.  133.)  The  width  of  this  flap  should  be  ecpal  to  one-third 
the  circumference   of  the  limlx     The   limbs   of  the  I'  are   now  united   liy  an 


Fig.  134. — Posterior 
-Aspect  of  the  Right- 
Elbow.  Lines  of  inci- 
sion formerly  proposed 
by  Brasdor.  Posteri- 
orly the  integviments 
were  divided  on  a  level 
(Far- 
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incision  carried  around  i\\v  inlciiial  surface  of  (he  I'drcarin.  These  incisions 
involve  nioi-ely  tlie  .skin  and  subcutaneous  tissue.  Tiie  muscular  flap  may  be 
cut  by  transfixion  or  from  without  inward.  Disaiticulation  is  efi'ected  in  the 
usual  niannei'.  The  brachial  artery  and  several  muscular  branches  will  require 
ligation.  The  techni((ue  of  this  metluKJ,  as  here  described,  is  that  of  Farabeuf, 
fi-om  whose  woi'k  this  descrijition  has  been  taken. 

Amputation  of  the  Arm.  (Figs.  1.35and  136.) — Surgical  Anatomy. — The  sur- 
face markings  of  tlie  arm  are  ea.sily  recognizable.  On  the  anterior  surface  the 
l)niminence  made  by  the  biceps  is  readily  seen,  tlie  deltoid  can  be  plahily  out- 
lined over  the  upjx'r  portion  of  the  external  surface, 
and  its  in.sertion  just  above  the  middle  of  the  outer 
surface  of  the  humerus  can  also  be  distinctly  felt. 
The  insertion  of  the  muscle  marks  the  point  of 
origin  of  the  brachialis  anticus,  and  is  also  on  a 
level  with  tlie  insertion  of  the  coraco-l)rachialis  on 
the  inner  surface  of  the  humerus.  With  the  ex- 
ception of  the  biceps  the  muscles  ai'e  adherent  to 
the  bone  in  the  lower  half  of  the  arm,  whereas,  in 
the  ujiper  half,  they  are  fairly  free,  and  conse- 
quently retract  when  divided.  The  deltoid,  how- 
ever, is  not  so  retractile  as  the  other  muscles. 
Owing  to  this  retractility  of  the  muscles  in  the  up- 
jier  half  of  the  arm  the  circular  amputation  is  not 
applicable  in  this  portion  of  the  limb  unless  the 
muscles  lie  divided  correspondingly.  The  blood 
^  sujjply  of  the  arm  is  derived  from  the  brachial 
artery,  which  begins  at  the  lower  border  of  the 
teres  major  and  passes  do^\^lWard,  first  on  the 
inner  aspect  of  the  arm  and  then  on  its  front,  to 
a  point  just  below  the  tiend  of  the  elbow.  Accord- 
ingly, in  the  upper  part  of  the  limb  compression 
of  the  artery  should  be  made  from  within  outward, 
but  in  the  lower  part  it  should  be  made  from  before 
backward.  This  vessel  frequently  presents  anomalies^a  circumstance  which 
should  not  be  forgotten.  It  is  accompanied  by  two  vente  comites,  one  on 
either  side.  The  superior  profunda  artery  arises  close  to  the  beginning  of  the 
brachial,  and  passes  downward  with  the  musculo-spiral  nerve  between  the  inner 
and  outer  heads  of  the  triceps  through  the  musculo-spiral  groove  to  the  outer 
side  of  the  arm.  The  inferior  profunda  usually  ari.ses  from  the  brachial  artery 
on  a  level  with  the  insertion  of  the  coraco-brachialis,  although  it  may  ai-ise  in 
common  with  the  superior  profunda  or  immediately  below  it.  It  passes  downward 
with  the  ulnar  nerve  through  the  internal  intermuscular  seiitum  to  the  back  of 


Fia.  13.5. —  Amputation  of  tlie 
Ann.  (From  Treves'  "Operative 
Surgery.")  jl,  Circular  (inclined) 
amputation;  B,  amputation  hy 
antero-posterior  flaps;  C,  ampu- 
tation at  the  shoulder  joint  bj- 
deltoid  flap. 
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the  internal  condj-le.  The  anastomotica  magna  is  given  off  from  the  inner  side  of 
the  artery  about  two  inches  above  its  termination.  There  are  also  numerous 
muscular  branches  which  may  reciuire  ligation.  The  skin  on  the  inner  surface 
of  the  arm,  particularly  in  tlie  upper  two-thirds,  is  more  retractile  than  that  on 
the  external  surface. 

The  instruments  required  are  an  amputating  knife,  two  scalpels,  an  amputat- 
ing saw,  a  dozen  ha-mostatic  forceps,  dissecting  forceps,  scissors,  needles,  drain- 
age tube,  blunt  hook,  and  bone  foi-ceps. 

Methods  of  Ampi'tation. — The  inctliod  employed  will  depend  upon  the 
portion  of  the  arm  through  which  the  amputation  is  to  be  jierformed.  For 
the  lower  half  the  circular  an  putation  is  npjiropiiate;  for  the  middle  and  upper 


Fig.  136. — Amputation  of  the  .\rni.     Two  crcscent-sliapoil  flaps  of  skin  (one  external,  tlie  other 
internal)  liave  been  made  and  turned  back  over  tlie  upper  part  of  tlie  arm.      (Eymarcli.) 

portions  the  method  l)y  anterior  and  posterior  flaps;  and,  for  aminitating 
through  the  surgical  neck  of  the  lunnerus,  either  the  external  flap  or  the  oval 
method  ma}'  be  u.sed.    (See  Fig.  135.) 

1.  The  Circular  Method. — In  carrying  out  this  method  tlie  arm  is  held  hori- 
zontal and  at  a  right  angle  to  the  body.  The  skin  incision  is  made  with  the 
long  am])utating  knife,  which  should  be  .so  managed  as  to  cut  from  heel  to  point, 
thus  encirchng  about  three-fourths  the  circumference  of  the  hmb  with  a  single 
sweeji.  To  the  primary  incision  thus  made  a  secondary  one  is  added,  complet- 
ing the  divi.sion  of  the  integuments.  After  the  skin  and  subcutaneous  tissues 
have  been  thoroughl.v  fieed  and  letracted,  the  muscles  are  divided  by  a  few 
circular  turns  of  the  knife,  the  flap  thus  formed  is  drawn  well  upward,  the  re- 
tractor is  applied,  and  the  bone  sawn  through.  The  divided  end  of  the  bone 
is  now  covered  by  the  flap,  which  is  fastened  in  position  by  means  of  interrujited 
silk\\-orm-gut  sutures.  Drainage  is  employed.  The  vessels  requiring  ligation 
are  the  Ijrachial,  the  superior  ]irofunda,  the  inferior  profunda,  and  a  number  of 
muscular  branches.  The  modified  circular  method,  with  semilunar  flaps,  may 
be  employed  with  satisfaction  both  here  and  in  the  middle  third  of  the  arm. 

2.  The  Method  in  whicli  Anterior  and  Posterior  Flaps  Are  Employed.  (Fig. 135.) 
— In  amputating  according  to  the  method  M'hich  calls  for  anterior  and  posterior 
flaps  two  l'-sha]>ed  flaps  are  cut,  the  incision  beginning  just  below  the  proposed 
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line  ol'  l)i)iie  .section.  The  Icn^lli  n\'  ihc  anterior  llap  .--hcinld  he  eqnal  to  the 
diameter  of  the  limb,  that  (if  the  puslei-idr  to  one-half  of  it.s  diameter.  The 
first  incision  involves  only  the  iiite,i;uiiieiits.  The  muscular  flaps  are  cut  either 
by  transfixion  or  circulailw  ihe  fdiiner  iieinji  the  classic  method.  The  anterior 
one  shiiuld  be  made  a  lillli'  Idiijicr  than  the  jiosteriur,  so  as  to  allow  for 
greater  retractility  of  the  biceps.     (I'lfi.  loo.) 

3.  Amputation  through  the  Surgical  Neck  of  the  Humerus. — This  am- 
putation is  sometimes  employed  histead  of  di,-<articulation  at  the  .shoulder  joint, 
and  in  proper  cases  it  is  a  better  i)rocedvn-e  than  the  latter.  It  affords  a  stump 
suitable  foi-  IJic  appHcation  of  an  artificial  limb,  and  does  not  produce  so  great 
deformity  as  does  disarticulation  at  the  shoulder.  It  should  not  be  performed, 
however,  on  ].)ersons  younger  than  sixteen  years  (Treves),  owing  to  the  possi- 
bility that,  through  the  future  growth  of  the  bone  from  the  epiiphysis  of  the 
humerus,  a  conical  stmn])  may  I'esult.  "When  the  tissues  are  in  good  con- 
dition prompt  healing  may  be  expected  to  take  place. 

In  Farabeuf's  method  of  amputating  by  an  external  U-.shaped  Hajj,  the  sur- 
geon stands  at  the  outer  side  of  the  limb  and,  retracting  the  skin  with  the  left 
hand,  outlines  the  fla])  by  means  of  an  extei'nal  cutaneous  incision  which  begins 
an  inch  below  the  head  of  the  humerus.  The  length  of  this  flap  should  equal  the 
diameter  of  the  limb,  the  lireadth  one-half  its  circumference.  Owing  to  the 
retractility  of  the  integument  on  the  inner  a.spect  of  the  arm,  the  internal  in- 
cision that  miites  the  upper  extremities  of  the  V  should  1  e  curved  downward, 
instead  (if  lieing  can  led  transversely  across  the  arm.  After  the  integuments 
have  retracted,  the  base  of  the  flaji  is  grasped  between 
the  thumb  and  fingers  and  the  deltoid  muscle  is  cut  by 
transfixion  from  below  upwaixl,  until  the  line  of  bone  sec- 
tion is  reached.  The  internal  tissues  ai-e  now  cut,  the 
brachial  artery  first  having  been  ligated.  The  tendon 
of  tlie  pectoralis  major  and  the  adductor  muscles  should 
be  carefully  separated  from  the  bone,  but  the  upper  por- 
tion of  the  former  may  be  left  intact.  The  tendon  of  the 
biceps  is  to  be  divided  low  down.  The  flajis  are  sutured 
together  with  interrupted  sutures  of  silkworm  gut,  and  the 
woimd  is  dressed  in  the  usual  manner,  drainage  being 
employed. 

In  amputating  liy  Guthrie's  oval-flap  method,  tlie 
arm  is  raised  from  the  side  of  the  body,  and,  after 
compression  of  the  subclavian  artery  has  been  made  by 
the  fingers  of  an  assistant,  or  by  means  of  elastic  comjii'ession,  an  incision  is  be- 
gun two  finger-breadths  below  the  aci-omion  process  and  carried  to  the  inner  side 
of  the  arm  just  below  the  border  of  the  pectoralis  major:  then  it  is  extended 
under  the  arm  to  the  outside  where  it  is  joined  by  another  incision  that  starts 


Fig.  137. — Disarticu- 
lation at  the  Sliouldcr 
by  Racquet  Incision — 
Spence's  Operation. 
(From  Treves'  "Opera- 
tive Surgery.") 
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from  tlu'  point  of  departure  of  the  original  one.  These  incision.s  involve  only 
the  integument,  which  is  to  be  well  retracted  before  the  muscles  arc  cut.  AMien 
they  have  been  ilivided  the  bone  is  expased  as  high  up  as  the  tuberosities,  the 
eircumfliex  vessels  and  nerves  are  dra^AU  up\\-aid  A\ith  a  blunt  hook,  and  the  bone 
is  then  sa^\Ti  through.  The  wound  is  closetl  in  the  same  manner  as  in  the  ex- 
ternal-flap metliod. 

Amputation  at  the  Shoulder  Joint.  (Figs.  137-147.)— This  operation  is  re- 
cjuiri'd  when,  as  the  result  uf  injury  or  disease,  the  condition  of  the  tissues  in  the 
upper  arm  is  such  as  to  make  necessary  the  sacrifice  of  the  limb  in  its  entirety. 
The  ojH'i-ation  is  genci-ally  performed  for  a  severe  injuiy  oi'  for  .sarcoma.  A  vari- 
ety of  methods  have  been  devised,  but  there  are  a  itn\'  princijial  ones  which  meet 
nearly  every  contingency.  AMiere  great  traumatism 
has  been  inflictetl,  the  essential  thing  is  to  .secui-e 
enough  ti.ssue  to  close  the  defect,  and  to  employ  that 
method  which  seemingly  best  meets  the  indications. 

8rRGic.\L  An.\tomy. — The  bones  entering  into 
the  formation  of  the  .shoulder  joint  are  the  head  of 
the  humerus  and  the  glenoid  cavity  of  the  scap- 
ula. The  capsular  ligament  is  attached  internally 
to  the  margin  of  the  glenoitl  cavity,  and  externally 
to  the  anatomical  neck  of  the  humerus  and  to  the 
tuljcrosities.  It  forms  a  somewhat  lax  bond  of 
union  between  the  two  bones,  and  [jci'mits  of  ex- 
tensive movement.  The  muscles  around  the  joint 
form  a  much  stronger  investment  than  its  cap- 
sule. Above  is  the  supraspinatus;  in  front,  the  tendon  of  the  subscapularis ; 
behind,  the  infraspinatus  and  teres  minor;  below,  the  long  head  of  the  tri- 
ceps. More  superficially  is  the  deltoid,  which  .supplies  to  the  joint  a  su- 
perior covering  and  gives  the  shoulder  its  characteristic  rotundity.  Beneath 
the  deltoid  the  tuberosities  of  the  humerus  can  be  felt.  The  acromion  proc- 
ess projects  above  the  joint,  making  a  prominence  which  is  easily  felt.  It  is 
situated  about  one  inch  aljove  the  glenoid  cavity  and  projects  a  like  distance 
beyond.  The  coracoid  process  bears  an  important  relation  to  the  joint  in  front, 
and  affords  attachment  to  important  muscles  related  to  the  movements  of  the 
arm.  The  joint  is  supplied  by  the  anterior  and  posterior  circumflex,  the  supra- 
scapular and  dorsalis  scapulae  arteries,  and  the  acromial  branch  of  the  acromio- 
thoracic  artery.  Of  these  the  posterior  ciicumflex  is  the  most  important.  It 
arises  from  the  postei'ior  aspect  of  the  axillary  artery  on  a  level  with  the  lower 
border  of  the  subscapularis  nniscle,  and  then,  after  passing  through  the  cjuadri- 
lateral  space,  winds  around  the  surgical  neck  of  the  humerus  in  company  with 
the  circumflex  nerve.  Tlie  circumflex  nerve  animates  the  deltoid  and  should 
for  this  reason,  if  for  no  other,  be  carefully  preserved  in  excisions.    At  the  under 


r 

Fig.  138. — Disarticulation  at, 
the  Slioukler  Joint — Larrey'.s 
Operation.  (From  Treves' 
"Oj^erative  Surgery.) 
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surface  of  the  dcltnid  it  dixidi's  inln  a  iiiiiiilxT  of  ln'aiiclu's.     In  aiiiputatioiis 
at  tlic  slidiildcr  tlic  axillai-y  N'csscls  Avill  also  lir  di\'idc(l. 

.Mkthous  of  CoNTHOLLiNci  llEMoiiTUiACiK. — Sc'vc'ial  niotliods  liavo  l)P('n  de- 
vised I'or  .securing  ha-iiio.stasis  during  tlie  operation.  Tlius,  the  .subclavian  artery 
lias  been  coni])ie.ssed  against  the  first  rib  by  tlie  tliuiiib  of  an  as.sistant  or  by  the 
handle  of  a  large  key,  which  has  ]ii-eviously  been  Mcll  jiaddcd.  These  methods 
are  not  trustworthy  and  should  not  be  employed  if  better  means  can  be  obtained. 
The  finger  m.'iy  become  exhausted  and  relax  the  pres.sure,  or  the  key  might  slip, 


Fig.  1.39. — Wyetli's  Method  of  Ha-mostasis  as  Applied  to  an  Amputation  at  the  Shoulder  Joint. 
Pins  and  rubber-tube  tourniquet  in  position.  The  Esmarch  bandage  lias  been  removed.  {From 
drawings  by  H.  .1.  Shannon.)  (From  "Practice  of  Surgery,"  by  .John  A.  Wyeth,  M.D.,  I.L.1>.,  New 
York,  190S;  by  permission.) 

either  of  which  occurrences  would  result  in  most  serious  hemorrhage.  Compres- 
sion by  means  of  an  elastic  band  jjas.sed  over  the  shoulder  and  under  the  axilla  is 
not  certain,  as  it  also  may  slip  or  exert  diminished  pressure  after  the  operation  is 
well  under  way.  An  exception  may  be  made  in  favor  of  this  method  when  it  is 
employed  in  conjunction  with  Wj^eth's  pins.  According  to  Wyeth's  procedure, 
one  pin  is  entered  at  the  middle  of  the  anterior  axillary  fold  and  is  bi'ought  out 
one  inch  internal  to  the  tip  of  the  acromion  process.  The  other  pin  is  entered  at 
tlie  middle  of  the  posterior  axillary  fold  and  is  also  brought  out  one  inch  internal 
to  the  tip  of  the  acromion  jjrocess.  The  ends  of  the  pins  are  protected  with 
sterilized  corks.  (Figs.  139  and  140.)  Rubber  tubing  is  wound  firmly  around 
the  shoulder  and  axilla  above  the  pins.  It  is  important  to  pass  the  pins  through 
the  tis.sues  as  described,  for  unless  this  be  done  the  tubing  is  Ukely  to  .slip  when 
disarticulation  of  the  humerus  is  being  accomplished.     If  much  thickening  of  the 
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tissues  has  resulted  from  disease  of  tlie  joint,  even  tliis  foi-in  of  oonstrietion 
may  not  suffice.  Anotlier,  and,  according  to  some,  jirobahly  the  best  and  safest 
method  of  controlHng  bleeding,  is  to  pick  up  the  axillary  artery  in  the  flap  and 
ligate  it  before  se^•ering  it.  The  ligature  should  be  placed  below  the  origin  of 
the  posterior  circumflex,  so  as  to  preserve  the  latter  vessel  intact. 

The  instruments  required  are  an  amputating  knife,  two  scalpels,  scissors 
straight  and  curved,  an  amputating  saw,  a  dozen  haemostatic  foireps,  dissecting 
forceps,  curved  and  straight  needles,  drainage  tubes,  and  a  retractor. 


Fig.   140. — The  Same    after  Disarticululiuu  uuJ  Ligature  of  the  Vessels.     (From   "Practice  of 
Surgery,"  by  John  A.  Wyeth,  M.D.,  LL.D.,  New  Yorli,  1908;  by  permission.) 


Methods  of  (  jpichating. — As  already  stated,  a  large  number  of  methods  have 
been  employed,  but  many  of  them  are  merely  of  historical  interest,  and  there- 
fore will  not  be  discussed  here.     Those  which  will  be  described  are  the  following : 

1.  The  racquet  method  CSpence's  and  Larrey's). 

2.  The  external  or  deltoid  flap  method  (Dupuytren's). 

3.  The  combined  circular  anil  vertical  incision. 

4.  The  interscapulo-thoracic  method  (removal  of  arm,  scapula,  and  part  of 
the  clavicle). 

1,  a.  Spences  Operation.  (Fig.  137.) — The  following  is  Professor  Spence's 
o\\Ti  description  of  this  operation:  "Supposing  the  right  arm  to  be  the  subject 
of  amputation,  the  arm  being  slightly  abducted  and  the  head  of  the  humerus 
rotated  outward,  with  a  broad  straight  bistoury  I  cut  down  upon  the  head  of 
the  humerus,  immediately  external  to  the  coracoid  process,  and  carry  the  inci- 
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Fig.  141. — Disarticulation  of  the  Right  SIiouIiUt 
Joint;  Second  Stage.  In  tlio  illustration  tJie  incision 
of  tlie  skin  (cllijjtical  or  of  otlier  siiape)  lias  been  com- 
pleted and  tiie  anterior  fasciculi  of  tlie  deltoid  have 
been  divided  (fir.st  stage  of  the  operation) ;  with  the 
thumb  and  forefinger  of  his  left  hand,  the  operator  is 
lifting  \ip  the  tendon  of  the  pectoralis  major,  while  with 
the  knife  in  his  right  liand  he  is  on  the  point  of  divid- 
ing tliis  tendon  close  to  the  point  whore  it  is  inserted. 
(Farabeuf.) 


in  the  line  of  iiici.sion,  tlie  Haj)  ,so  niarkec 
trunk,  Mliich  enters  the  deep 
surface,  can  be  ea.sily  sejaar- 
ated  from  the  bone  and  .joint, 
and  th-awn  ujiward  and  liack- 
ward  so  as  to  exjiosc  the 
head  and  tuh'erosities  by  the 
point  of  the  finger  without 
further  use  of  the  knife.  The 
tendinous  insertions  of  the 
capsular  iiuiscles,  the  long 
head  of  the  biceps  and  the 
capsule  are  next  divided  liy 
cutting  directly  on  the  tuber- 
osities and  head  of  the  bone : 
and  the  broad  suliscainilar 
tendon  especially,  being  very 
freely  exposed  by  the  in- 
cision, can  be  much  more 
readily  and  freely  divided 
than     by     the     double-flap 


sion  down  tlii-iiugh  the  clavicular 
filircs  of  the  dcltnid  and  ])ectora- 
lis  major  mu.scles  until  I  reach 
the  humeral  attachment  of  the 
lattci-  muscle,  wliirh  1  ili\i(li'.  I 
tlicii  with  a  gentle  cuive  carry  my 
incision  across  and  fairly  through 
the  lowci'  fil)ics  of  the  deltoid,  but 
not  tlu-ougli  the  posterior  border 
of  the  axilla.  Unless  the  tissues 
be  torn,  I  next  mark  out  the  line  of 
tlie  lower  part  of  the  inner  section 
by  carrying  an  inci.sion  through 
the  skin  and  fat  only  from  a  point 
from  where  my  straight  incision 
terminated  across  the  inside  of  the 
arm  to  meet  the  incksion  at  the 
outer  part.  This  insures  accuracy 
in  the  line  of  union,  but  is  not 
essential.  If  the  fibres  of  the  del- 
toid have  been  thoroughly  divided 
out,  along  with  the  posterior  circumflex 


Fig.  142. —  Disarticulation  of  the  Right  Shoulder  .Joint; 
Tliird  Stage.  In  the  illu.stration  the  following  parts  have 
already  been  divided:  the  anterior  fasciculi  of  the  deltoid, 
the  tendon  of  the  pectoralis  major,  and  the  muscular  fascic- 
uKis  of  the  coraco-bicipitalis.  "Witli  his  left  hand  the  sur- 
geon i.s  pushing  the  nerves  toward  the  inner  side  of  the  arm 
and  thus  exposing  the  artery,  which  he  is  about  to  iigate. 
After  disarticulation  has  actually  been  accomplished  the  a.s- 
sistant  will  place  his  thumb  in  the  same  attitude  for  the  pur- 
pose of  grasping  the  whole  cluster  of  vessels  between  it  and  his 
forefinger  resting  against  the  inner  side  of  the  arm.    (Farabeuf.) 
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method.  By  keeping  the  edge  of  the  ]30sterior  flap  out  of  the  way  b}'  a  broad 
copper  spatula  or  the  fingers  of  an  assistant,  and  taking  care  to  keep  the  edge  of 
the  knife  close  to  the  bone,  as  m  excision,  the  trunk  of  the  posterior  circum- 
flex is  protected.  The  only  vessel  which  lilccds  is  the  anterior  circumflex 
divided  in  the  first  incision,  and  if  necessaiy  a  pair  of  catch  forceps  may  l^e 
placed  on  it  at  once.  With  regard  to  tiie  axillary  vessels  they  can  either  be  com- 
pressed by  an  assistant  ]3efore  compiessing  the  soft  parts  on  the  axillary  aspect, 
or,  to  avoid  all  risk,  the  axillary  may  be  exposed,  tied  and  divided  between  two 


Fio.  143. — Disarticulation  of  tlie  Riglit  Sliouldor  .Joint:  Fourtli  Stage.  The  illustration  .shows 
the  surgeon  in  the  act  of  cU\-iding  the  capsule.  He  has,  by  dint  of  some  stretcliing.  grasped  the  patient's 
elbow  {not  the  arm)  with  his  left  hand,  in  order  that  he  maj'  be  able  at  will  to  turn  the  humerus  on  its 
long  axis;  while  with  his  right  hand,  armed  with  the  knife,  he  has  begun  to  divide  the  upper  part  of 
the  capsule  of  the  joint  (having  previously  divided  tlie  po.sterior  part).  His  ne.xt  step  (see  Fig.  144) 
will  be  to  divide  the  front  part  of  the  capsule,  but  not  until  he  shall  have  twisted  the  head  of  the  bone 
out  of  its  socket.      (Farabeuf.) 


ligatures  so  as  to  allow  it  to  retract  before  dividing  the  other  textures.  In 
cases  where  the  limb  is  very  muscular  I  dissect  up  the  skin  flap  from  the  deltoid 
at  the  lower  part  and  then  di'sude  the  muscular  fibres  higher  up  by  a  second  in- 
cision so  as  to  avoid  redundancy  of  muscular  tis.sue.  The  advantages  I  claim 
for  tliis  [)lan  are :  First,  the  fulness  and  better  form  of  the  stump  left  after  healing. 
Second,  the  posterior  circumflex  artery  is  not  divided  except  in  its  small  terminal 
branches  in  fi'ont,  whereas,  both  in  the  large  deltoid-flap  and  the  doulale  methods, 
the  trunk  of  this  vessel  is  divided  in  the  early  stages  of  the  operation,  and  re- 
tracting often  gives  rise  to  embarrassing  licmnriliagc.  In  the  ca.se  of  the  del- 
toid single-flap  method  the  vitality  of  the  flap  must  be  seriously  compromised, 
as  it  depends  chiefly  on  that  A'essel  for  its  arterial  supply.  Third,  the  great  ease 
with  which  disarticulation  can  be  accomphshed." 

VOL.    IV. — 20 
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1,/'.  Ijtnrifs  OjM'niliiin.  I  l'"if;.  \'AS.) — The  surgeon  stands  at  the  outer  side  of 
tlic  liiiil),  wliicli  is  iield  ;i(  .-iii  ,'iii<;l<'  "f  i^>°  from  the  body.  A  vortical  incision, 
hcgiiiiiing  just  above  the  cxliciiiity  <i(  the  afr'f)nii()U  j)rocess,  is  caiTicd  down- 
ward for  a  distance  of  tlu-ce  inclies,  diA-idiiif;  all  the  tissues  down  to  the  bone, 
i'^roni  the  middle  of  this  incision  (wo  obli(|ue  cuts  are  made — one  on  the  aiderior 
and  the  other  on  the  postei'ior  sui-face  of  the  arm.  These  incisions  should  ex- 
tend to  the  anteiioi'  and  ])osterior  borders  of  the  a.xilla  respectively,  and  their 
lowest  level  should  be  on  a  line  with  the  lower  extremity  of  the  vertical  in- 


FiG.  144. — Disarticulation  of  the  Right  .Slioulder  Joint ;  Fiftli  Stage.  Tlie  operator,  liaving  divided 
first  the  left*  antl  tlien  tlie  upper  ]3ortion  of  the  cai:)sule.  is  twisting  the  stump  of  tlie  liunieru.s  to  the 
left  wliile  at  the  same  time  he  is  di^-iding  with  his  knife  the  right  .side  of  the  capsule  (i.r.,  the  anterior 
portion  of  the  capsule,  if  he  is  operating  upon  the  right  shoid^ler),      (Farabeuf.) 

*  "  Left  "  arnl  "  right  ''  in  Farabeuf's  descriptions  of  operative  procedures  refer  to  things  wliich    are  on   the 
left  or  tile  right  side  of  tlie  operator. 


cision.  At  first,  these  incisions  involve  only  the  integument.  The  joint  is 
now  expo.sed  by  deepening  these  incisions  and  dissecting  up  the  flaps.  (Fig.  141.) 
In  the  anterior-  oblique  incision  the  anterior  fibres  of  the  tleltoid  will  be  .seen,  and 
are  to  be  divided  close  to  the  skin  incision;  the  tendon  of  the  pectoralis  major  is 
likewise  to  be  divided  at  its  in.sertion.  The  coraco-brachialis  can  now  lie 
readily  exposed  by  drawing  the  flap  inward.  The  next  step  in  the  operation  is  to 
expose  and  tie  the  brachial  artery.  For  the  accompli.shment  of  this  step  Fai-a- 
beuf's  directions  cannot  be  improved  upon.  He  directs  that  the  aponeurosis 
of  the  coraco-brachialis  be  divided  by  a  long  cut  made  with  the  ])oint  of  the 
knife.  Through  this  inci.sion  the  left  index  fingei-  is  passed,  first  inwaril  and 
then  behind  the  muscle,  which  is  lifted  up  from  the  humerus  and  divided  trans- 
versely.    The  upper  half  of  the  nniscle  is  now  retracted  and  the  vessels  and 
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nerves  are  tlnis  Itiought  intu  view.  Tlie  ])(isteii(ir  ciiciunticx  will  be  seen  en- 
tering the  c|uadrilateral  space,  on  a  le\-el  with  the  lower  border  of  the  subscapu- 
laris  muscle.  The  brachial  is  next  tied  below  it.  The  posterior  oblique  incision  is 
then  deepened  by  cutting  through  the  deltoid  down  to  the  posterior  liorder  of  the 
axilla.  (Fig.  142.)  The  joint  can  now  be  readily  exposed,  and  the  capsular  liga- 
ment di\ided.  iFig.  143.)  Tlie  liml)  is  seized  at  the  elbow  and  brought  close  to 
the  side,  so  as  to  expose  the  sui)eiioi-  attachment  of  the  ligament.  When  this 
has  been  done  and  the  ligament  has  been  divided,  the  humerus  is  rotated  out- 
ward, the  anterior  insertion  is  divided,  and  then  inward  rotation  is  made  and  the 
internal  attachment  sevei'cd.  In  lliis  iiiannci-  disarticulation  is  readily  acc(.)m- 
])lished.  Nothing  now  lemains  but  to  unite  the  extremities  of  the  oliliciue  in- 
ci.'^ions  and  thus  free  the  limb  com])letely.  The  nerves  in  the  stump  are  cut 
high  up  and  the  wound  closed  At  ttically  by  a  series  of  interrupted  silkworm-gut 
sutures.     A  drainage  tube  should  be  in.-erted. 

2.  Dupmjireii'n  Operatir.it. — The  jjatient's  shouhlci's  sliould  be  elevated  and 
the  arm  held  hoi-izontally  at  a  right  angle  to  the  body.  An  incision  is  begun  at 
the  coracoid  process  and  cai-ried  downward  and  outward  in  a  curved  direction 
to  the  insertion  of  the  deltoid,  from  which  point  it  is  then  carried  upward  (also 
in  a  curved  direction)  and  backward  vudil  it  reaches  the  junction  of  the  acromion 
process  with  the  spine  of  tlie  scapula.  This  outlines  a  U-shaped  fla]).  The  in- 
cision involves  only  the  skin.  The  muscle  is  then  cut  in  the  line  of  the  skin  in- 
cision, and  the  flap  thus  formed  is  dissected  uj).  When  this  has  been  done  the 
flap  is  drawn  upward  by  an  assistant,  so  as  to  bring  the  joint  into  view.  Dis- 
articulation is  effected  in  the  usual  manner.  A  transverse  incision  dividing 
the  tissues  on  the  inner  as])ect  of  the  arm  is  next  made.  The  axillary  ves- 
sels will  be  cut  by  this  incision,  and  should,  as  a  matter  of  course,  be  com- 
jjressed  befoi-e  it  is  matle,  and  secuied  as  soon  as  they  are  severed.  In  addition 
to  these  vessels  the  posterior  circumflex  and  a  number  of  nniscular  branches  will 
be  divided  in  the  external  flap.  The  woimd  is  closed  in  the  usual  manner  with  a 
series  of  interrupted  silkworm-gut  sutures,  and  a  drainage  tube  is  introduced. 

3.  Combined  Circxdar  and  VerticciJ  Method. — In  this  operation  the  arm  is 
held  at  a  right  angle  to  the  body,  antl  a  circular  incision,  begun  at  the  insertion 
of  the  deltoid  nuiscle,  is  carried  ai'oinid  it.  This  incision  in\-olves  only  the  skin 
and  subcutaneous  tissues.  A  cuff'  of  skin  is  dissected  up  and  turned  back,  and 
the  muscles  are  divided  circularly  to  the  bone  at  a  distance  of  an  inch  or  an 
inch  and  a  half  above  the  level  of  the  skin  incision.  The  blood-vessels  are 
secured  and  tied.  Up  to  this  ])oint  the  operation  in  every  way  resembles  a 
circular  anqjutation,  with  the  exception  that  the  bone  is  left  unsawn  to  act  as  a 
lever  in  the  subsequent  steps  of  the  operation.  A  vertical  incision  is  now'  made 
on  the  outei-  non-vascular  aspect  of  the  arm,  extending  from  the  circular  incision 
to  the  acromion  jn-ocess,  or  i:)referably  the  reverse,  as  it  is  easier  to  cut  from 
above  doW]n\ar(l  than  from  below  u])war(l.     This  incision    penetrates  to  the 
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lioiic,  Miiicli  is  now  clcai'cd  iiilciiially  and  cxlciiially  Ijv  cafcl'ul  dissccliou. 
The  liuiiui-us,  when  it  has  liccii  freed  lA'  all  iiiiisenlar  al laclinients,  is  used  as  a 
leMT,  is  rotatetl,  its  capsular  ligament  is  opened,  and  all  attaclnnents  are  severed 
— in  a  word,  disarticulation  is  accorn])lislied.  The  wound  is  closed  by  inter- 
rui)(ed  sutures  which  approximate  both  the  circular  and  the  vertical  flaps. 
Oraiiiage  should  bo  employed. 

I'or  the  occasional  o]jeratoi',  or  M^hen  the  conditions  are  such  as  to  make 
raiiid  completion  of  the  operation  inij^erative,  we  corsider  this  operation  un- 
questionably better  than  any  of  the  others  described.  It  is  simple,  easy  of  exe- 
cution, and  offers  a  certain  means  of  safeguarding  against  hemorrhage.  The 
stump  which  results  from  it,  Imwever,  is  not  so  shapely  as  that  wliich  is  ob- 
tained after  some  other  methods. 

4.  Amputation  Above  the  Slunildcr  Joint — l/w  Inten<rnjiiiio-llionn'ic  Method. 
(Fig.  145.) — Removal  of  the  ai'in  together  with  the  scapula  and  the  outer  two- 
thirds  of  the  clavicle  may  be  reciuiicd  for  malignant  disease  (particularly  sarcoma) 
affecting  the  head  of  the  humerus  and  the  glenoid  cavity.     The  operation  may 

also  be  required  in  ca.ses  of  severe 
traumatism,  particularlj'  such  as 
maj'  be  sustained  in  gunshot 
wounds.  Although  the  cutaneous 
incision  may  ]-equire  modification, 
to  meet  various  re(|uirements  pro- 
duced by  the  nature  of  the  injury, 
the  double-flap  method  elaboratetl 
by  Paul  Berger  may  be  taken  as 
the  model  procedui'e,  meeting,  as 
it  does,  practically  all  the  con- 
tingencies which  may  ari.se.  In 
this  operation  two  flaps  are  cut — 
an  anterior-inferior  or  pectoro-axil- 
lary,  and  a  posterior  superior  or  cervico-scajjular.  The  steps  of  the  operation 
are  as  follows: 

1.  Resection  of  a  portion  or  tlie  whole  of  the  clavicle  and  ligation  of  the  sub- 
clavian vessels. 

2.  Cutting  the  anterior  flap  and  se^'ering  the  brachial  plexus. 

3.  Cutting  the  posterior  flap. 

4.  Removal  of  the  extremity. 

Instruments:  amputating  knife,  large  scalpels,  hand  saw,  Gigli  saw,  chain 
saw  or  keyhole  saw,  bone  forcejjs,  lion-jaw  forceps,  a  dozen  haemostatic  forceps, 
dis-secting  forceps,  periosteal  ele^'ator,  scissors,  large  needles,  curved  and  straight, 
blunt  hook,  and  retractors.  The  jiatient  is  placed  on  l.is  back,  close  to  the  edge 
of  the  table,  and  the  shoulders  are  ele^■atcd  by  a  cushion  placed  beneath  them. 


Fig.  145. — Interscapulo-Thoracic  Ainputatioii. 
(From  Tre\-es'  "Operative  Surgery.") 
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Tlie  .shoulder  of  the  affected  side  should  he  free  from  the  table.  The  arm  is  held 
a  short  distance  from  the  trunk  by  an  assistant.  The  surgeon,  Nvith  two  other 
as.sistants,  stands  at  the  outer  .side  of  the  limb,  and  makes  an  incision  along 
the  clavicle,  commencing  at  the  outer  border  of  the  sterno-niastoid  muscle  and 
terminating  just  beyond  the  acromio-clavicular  joint.  This  incision  .should 
divide  all  the  structures  do^\^l  to  tlie  bone.  The  periosteum  is  ne.xt divided  and 
raised  from  the  bone  with  the  periosteal  elevator — first  from  the  convex  sur- 
face of   the  bone,  then  from  the  superior  surface,  and  finally,  and  with  great 


Tipofcoracoid 


Short  head  ot  biceps  m. 


•Pectoralia  m^Of  ip. 


Fig.  146. — Disarticul.it ion  at  tlie  Slioulder  by  tlie  Racquet  Incision.  The  incision  is  made  along 
the  anterior  edge  of  the  Lleltoid,  coniniencing  above  the  coracoid  process,  which  is  exposed  along  with 
the  origins  of  the  .short  head  of  the  biceps  and  the  coraco-bracliialis.  The  anterior  border  of  the  deltoid 
has  been  diviiled  where  it  covers  the  coracoid,  and  the  pectoralis  major  and  deltoid  are  separated  and 
divided  lower  down.  The  long  Iiead  of  the  biceps  is  exposed,  along  which  the  incision  is  carried  down 
to  the  bone.      (From  Kocher's  "Operative  .Surgery.") 


care,  from  the  posterior  .surface.  When  this  is  done,  a  blunt  hook  is 
passed  behind  the  bone,  and  traction  is  made  upon  it  by  an  assistant,  who 
thus  pulls  it  forward  .so  that  the  surgeon  may  more  readily  saw  through  it.  The 
line  of  section  is  at  the  junction  of  the  inner  with  tlie  middle  third.  At  first 
the  hand  saw  may  be  used,  but,  to  complete  the  division  of  the  bone,  the  Gigli, 
keyhole,  or  chain  saw  should  be  employed.  The  divided  bone  is  now  seized 
with  the  lion-jaw  forceps  and  pulled  forward,  and  is  again  saWTi  through  at  the 
junction  of  the  middle  and  outer  thirds.  Any  remaining  adherent  periosteum 
should,  of  course,  be  freed  before  the  second  tii\-ision  is  commenced.     '\Mien 
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(he  middle  (liird  (if  the  cl.'iviclc  is  rciii(i\('d  liir  suliclavius  iiiusclc  \\ill  lie  ex- 
posed, and  is  then  to  be  cut  away  so  as  to  bi-ing  tlie  subclavian  vessels  into  view. 
In  case  of  malignant  disease  we  belicA-e  il  is  iuttei-  to  i-emove  the  clavicle  in 
its  entirety  than  to  resect  the  middle  Ihird  in  llie  miiinier  just  descrilx-d.  The 
vessels  are  nctw  tied  witli  (a\(i  li,i;;i lures,  ;uid  aie  (h\ided  between  them,  the 
artery  being  tied  hrst  and  tiien  the  \-ein.  Tiie  arm  is  next  abducted,  and  tiie 
operator  takes  his  place  at  its  inner  side.  He  begins  an  incision  at  the  centre  of 
the  clavicular  incision  and  carries  it  downwaid  and  outward,  ])arallel  with,  but 
slightly  external  to,  the  grooAT  marking  tlie  inter\'al  between  the  pectoralis 
major  and  deltoid  muscles,  until  lie  reaches  the  junelion  of  the  arm  with  the 
anterior  axillary  fold,  at  which  point  he  carries  it  transversely  across  the  axilla 
from  the  tendon  of  the  ])ectoralis  major  to  that  of  the  latissimus  dorsi  and  teres 
major.  From  this  jioint  the  incision  is  comjileted  by  carrying  it  downAvard  and 
inwai'd  to  the  middle  of  the  ])osterioi'  surface  of  the  angle  of  the  sca|)ula.  This 
extensive  incision  iuA'olves  only  the  skin  and  subcutaneous  tissues.  A\'hile  it  is 
being  fa.shioned  an  assistant  maniiutlates  the  ai'ui  so  as  to  facilitate  the  work  of 
the  surgeon.  The  incision  is  now  deepened  and  the  pectoralis  major  and  the 
pectoralis  minor  are  divided — the  former  close  to  its  tendon,  and  the  latter 
near  to  its  insertion  on  the  coracoid  process.  I'lie  bi'achial  plexus  is  next  cvit 
through,  and  then  the  shoulder  may  easily  be  drawn  outward  from  the  bod}-, 
rendering  it  easier  for  the  knife,  cutting  from  above  cknvnward,  to  complete dis- 
.section.  The  long  thoracic  artery  should  next  be  ligated  and  the  latissimus  dorsi 
di\-ided.  The  irderior  angle  of  the  scapula,  covered  with  muscles,  will  then  be 
brought  into  vicAv.  After  this  has  been  accomplished,  the  surgeon  will  be  ready 
to  begin  the  third  step  of  the  operation,  -viz.,  to  cut  the  posterior  flap.  An 
assistant  brings  the  arm  to  the  sitle  of  the  Ixuly  again  and  Hfts  up  the  trunk,  so 
that  the  operator  may  fashion  his  posterior  incision.  (Fig.  147.)  The  operator 
should  stand  at  the  outer  side  of  the  limi)  again  and  ti-ace  an  incision  from  the 
external  extremity  of  the  primary  clavicul;;r  incision  downward  by  the  shortest 
route  to  the  inferior  angle  of  the  scapula,  making  it  join  the  termination  of  the 
anterior-flap  incision.  This  posterior  incision,  which  at  first  involves  only  the 
integument,  is  deepened  by  rapid  dissection  until  the  fiaj)  includes  all  the  tis- 
sues superficial  to  the  subspinous  fossa.  The  trapezius  is  freed  from  the  clavi- 
cle and  the  spine  of  the  scapula  so  that  it  may  be  dissected  up  from  the  supraspi- 
nous fossa.  An  assistant  retracts  it,  together  with  the  other  tissues  of  the  jioste- 
rior  flap.  The  remainder  of  the  operation  consists  in  freeing  the  scapula  from 
the  trunk.  An  assistant  retracts  the  flaps  and  makes  jiressure  at  the  supei'ior 
])ortion  of  the  posterior  one  so  as  to  occlude,  if  possible,  the  posterior  scapular 
vessels.  The  surgeon,  standing  at  the  outer  side  of  the  left  arm,  and  to  the  inner 
side  of  the  right,  makes  strong  traction  upon  the  member,  thereby  drawing  out 
the  superior  and  spinal  margins  of  the  scapula'.  The  muscles  retaining  the  bone 
— namely,  the  omo-hyoid,  the  le^•ator  anuuli  sca]iuUe,  tlie  rhomboids,  and  the 
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senatus  magiius — are  imw  diviiled.  The  upper  extremity  is  thus  entirely 
hlierated  from  the  trunk.  The  suprascapular  and  posterior  scapular  arteries 
will  require  ligation.  In  the  early  steps  of  the  operation  there  is  not  much 
bleeding,  owing  to  the  fact  that  the  subclavian  has  been  ligated.     The  flaps 
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Fig.  147. — Disarticulation  of  .A.rin  and  Shoulder  Girdle.  Anterior  incision,  followed  by  division 
of  clavicle,  pectorals,  main  \-es.sel.s,  and  brachial  ple.xus.  The  chest  wall  is  seen  on  the  left;  the  anterior 
aspect  of  the  scapula  covered  by  tlie  subscapularis  occupies  the  floor  of  the  wound.  (From  Kocher's 
"Operative  Surgery.*')- 


formed  in  tliis  operation  are  nearly  equal  in  size  and  have  about  the  same  shape. 
They  are  to  be  united  by  a  series  of  silkworm-gut  sutures  after  drainage  has  been 
furnkshed.  Last  of  all,  an  abundant  dressing  is  applied  and  is  secured  by  a 
firm  bandage.* 

*  I.eConte,  of  Pliiladelpliia,  has  advised  complete  excision  of  the  clavicle  instead  of 
dividing  it  at  the  junction  of  middle  and  inner  thirds.  Certainly  his  point  is  well  taken  in 
sarcoma  of  the  bones.  We  also  agree  with  him  that  it  should  be  as  safe  as  dividing  the  bone  and 
can,  perhaps,  be  done  more  quickly.  The  objection  that  tlie  large  veins  are  more  likely  to  be 
injured  in  a  complete  excision  does  not  seem,  necessarily,  well  taken. 
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AWITTATIOXS    OK   THK    ]j()\Vi:ii    IvXTliKMlTY. 


General  Reniarkf:. — AMiilc  tlic  I'lilc  of  inakiiig  tlic  most  distal  operation 
formerly  olitained,  tlie  writers  believe  that  at  the  present  clay  the  interests 
of  the  paticiil  are  just  as  frequently  suhserveil  hy  ilcpnrting  fi-oiii  this  hard-and- 
fast  (lictiini.  Tiie  iiianutacturei-s  of  prostlietie  aj)j)liances  have  made  so  many 
improvements  in  their  sj)eeialt3'  that  many  an  amputation  foi-merly  practised 
with  reason  should  now  be  regarded  as  obsolete.  This  is  particularly  true  of 
many  of  tiie  amputations  of  the  foot,  where  the  stumps  obtained  by  the  "classic" 
operations  of  Chopart,  Iley,  Symes,  and  Pirogoff  are  regarded  by  some  surgeons 
as  being  inferior  to  a  propei'ly  executed  amputation  in  the  lower  third  of  the 
leg.  However,  prosthetic  appliances  suited  to  the  jireceding  ojjerations,  espe- 
cially that  of  Syme,  are  extant  and  are  indeed  serviceable. 

Amputations  of  the  Toes. — In  the  four  lesser  toes  but  little  good  is  accom- 
plished by  saving  any  i)ortion  of  them  in  a  foi'ujal  amputation,  since  the  heads 
of  the  phalanges  are  large  and  may  l)ecome  a  detriment  to  a  useful  stump. 
They  constitute  a  comparatively  limited  supporting  force  of  tlie  foot.  In  the 
great  toe,  however,  conditions  are  entirely  different,  and  no  ])ortion  of  this 
digit  .should  be  sacrificed  wliich  can  be  retained  by  judicious  surgery. 

Surgical  Anatomy. — The  line  of  the  metatarso-phalangeal  joints  is  a  curved 
one,  the  convexity  being  directed  anteriorly.  (Fig.  148.)  The  metatarso-pha- 
langeal joint  of  the  great  toe  may  be  palpated  upon  the 
inner  aspect  of  the  foot,  about  one  inch  behind  the  web, 
and  that  of  the  third  toe  is  situated  at  the  same  level. 
The  corresponding  joint  of  the  .second  toe  is  one-eighth  of 
an  incji  in  front  of  the  line,  that  of  the  fourth  toe  one- 


eighth  of  an  inch  liehind  it,  and  tiiat  of  the  fifth  metatarso- 


phalangeal joint  almost  half  an  inch  behind  it.  The  knuc- 
kles of  the  toes  are  formed  by  the  heads  of  the  proximal 
bones.  The  metatarso-phalangeal  joints  are  each  provided 
with  two  lateral  ligaments  and  a  glenoid  (anterior)  liga- 
ment. The  latter  structures  are  marked  upon  the  plantar 
surface  of  the  joint  and  support  the  heads  of  the  metatarsal 
bones.  These  glenoid  ligaments  are  more  closely  associated 
with  the  bases  of  the  first  phalanges  than  with  the  heads  of 
the  metatarsal  bones,  and  are  attached  to  the  fil:)rous 
sheaths  of  the  flexor  tendons  of  the  toes.  These  fibrous 
sheaths  should  be  carefully  closed  whenever  divided,  to  prevent  any  possible 
infection.  The  glenoid  ligament  of  the  metatarso-phalangeal  joint  of  the  great 
toe  contains  two  sesamoid  bones  which  rest  in  grooves  upon  the  head  of  the  first 
metatarsal  bone. 

The  instruments  required  are  stout  scalpels  \\ith  lilades  from  one  to   two 


Fig.  148. — Bones  of 
the  Foot.  (From  Treves' 
"Operative  Surgery.") 
AA,  Line  of  Lisfranc's 
amputation. 
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Fig.  149. — Disarticulation  of  the 
Last  Plialanx  of  tlie  Great  Toe  by 
a  Large  Plantar  Flap.  (From 
Treves'  "Operative  Surgery.") 


inches  in  length,  a  fine  keyhole  or  Butcher's  saw,  bone  forceps,  dissecting  for- 
ceps, luemostats,  tape  retractors,  scissors,  and  needles. 

Amputation  through  the  Terminal  Phalanx  of  the  Great  Toe.— This 
operation  sliould  always  be  periornied,  if  practicable,  in  preference  to  disar- 
ticulation of  the  terminal  (first  surgical)  phalanx,  since  the  joint  is  not 
trespassed  upon  nor  are  the  insertions  of  the  flexor  and  extensor  tendons 
sacrificed.  The  toe  is  held  between  the  thumb 
and  fingers  of  the  operator's  left  hand,  the 
thumb  being  in  contact  \^ith  the  pulp  of  the  toe, 
and  the  index  and  middle  fingers  resting  u]5on  the 
nail  The  knife  is  inserted  just  in  fi'ont  of  the  head 
of  the  first  phalanx  (surgical)  at  right  angles  to 
the  toe,  and  a  plantar  flap  is  fashioned  by  cutting 
around  the  tip  of  the  toe  to  a  point  directly  oppo- 
site to  that  of  starting,  the  incision  being  parallel 
to  the  phalanx,  rather  nearer  the  dorsal  than  the  plantar  surface,  and  extend- 
ing down  to  the  bone.  If  this  flap  be  properl}'  formed  the  plantai'  digital 
arteries  will  not  be  divided,  but  will  be  retained  in  the  flap  together  with  their 
anastomoses.  AMiile  the  assistant  dra^^•s  the  toe  upward  (toward  the  leg),  the 
operator  holds  the  flap  with  the  thumlj  and  fingers  of  the  left  hand  and  dis- 
.sects  it  from  the  phalanx,  keeping  as  close  as  possilile  to  the  bone.  The  toe  should 
now  be  flexed  and  the  extremities  of  tiie  first  incision  united  by  a  dorsal  cut 
extending  to  the  bone.  The  latter  incision  divides  the 
dorsal  digital  vessels,  but  these  are  so  small  that  they 
usually  recjuii'e  no  attention.  The  soft  parts  are  now  for- 
1  %f^  *  %  '^"'''^^y  retracted  and  the  bone  divided,  as  far  back  as  possible, 
by  a  fine  key-hole  or  metacarpal  saw.  The  resulting  scar 
will  be  situated  upon  the  dorsum  of  the  toe. 

Disarticulation  of  the  Terminal  Phalanx  of  the  Great 
Toe. — When  the  ])receding  amputation  is  impossible,  this 
operation  is  performed  in  an  analogous  manner,  use  being 
again  made  of  a  long  jjlantar  flap.  The  toe  is  held  as  be- 
fore, Ijut  in  making  the  first  incision  the  knife  is  intro- 
duced a  trifle  behind  and  above  the  head  of  the  second 
phalanx  (.surgical).  (Fig.  149.)  \Mien  the  flap  is  reflected 
the  knife  should  hug  the  bone,  to  avoid  wounding  the  plantar 
digital  vessels  which  are  in  immediate  proximity  to  the  plantar  aspect  of  the 
interphalangeal  joint.  Wlaen  the  glenoid  ligament  is  reached  it  should  be 
divided  at  right  angles  by  cutting  toward  the  bai'eof  the  terminal  phalanx.  In 
this  way  the  joint  is  opened.  The  toe  should  next  be  flexed,  and  upon  the  dor- 
sum there  should  be  made  a  transverse  incision  whicli  di\ides  the  extensor  tendon 
and  enters  the  articulation.     The  toe  is  now  extended  and  the  internal  lateral 


Fig.  150. — Disartic- 
ulation of  the  Great 
Toe  by  Internal  Plan- 
tar Flap:  The  Result- 
ing Stump.  (After 
Farabeuf ,  from  Treves' 
"Operative  Surgery.") 
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Fig.  151. — Amputation  of  the  Great  Toe  tu- 
gctlier  with  a  Part  of  the  Corresponding  Meta- 
tarsal Bone.  Long,  racquct-sliapeci  incision  on 
the  inner  aspect  of  tlie  foot.      (Farabeuf.) 


lio;;uiii'iit  (lividcil,  and  the  iiiciiilicr  then  drawn  in\\ai(l  Id  facilitate  tlie  (ii\'is- 
iou  of  tile  external  lateral  lifiaiiient.  Holli  of  these  .■^tnietiire.s  slioukl  be  di- 
vitled  IVoin  without  inward  to  avoid  ^\()^ln(linfi  the  plantar  diji'ital  vef>sels.  As 
before,  the  resulting  cicatrix  will  be  ])laced  U])oii  the  doiyuin  of  the  toe. 

In  neither  thi.'<  nor  the  iirecetlinj^  aniputatidu  .should  the  plantar  liap  be  made 

bv  transfixion,  since  tliis  nrocetlure  en- 
'*     '    '  dangei'S  the    \-essels    and   renders    the 

accurate   formation  of   the  flaps   im- 
])os.sible. 

Disarticulation  of  the  Great  Toe  at 
the  Metatarso-phalangeal  Joint.  ( Fig. 
!.")().) — The  best  method  of  ilisarticula- 
tion  is  undoubtedly  that  by  mean.s  of 
an  internal  fiajj  (I''ai'abeuf),  since  the 
Mdund  left  by  this  operation  drains  well 
and  since  the  cicatrix  is  most  advantageously  placed.  It  is  well  to  save  the  base 
of  the  last  (surgical)  phalanx,  if  possible,  since  the  muscles  attached  here  materi- 
ally strengthen  the  sole  of  the  foot.  The  surgeon  shoukl  be  seated  to  the  inner 
side  of  the  foot.  Grasping  the  toe  with  the  tluuub  and  tiiigei's  of  tlie  left  hand 
he  .should  make  the  incision  through  the  skin  only,  commencing  at  the  meta- 
tarso-phalangeal joint,  at  the  junction  of  the  dorsal  and  internal  surfaces  of 
the  digit,  and  continuing  the  incision  along  the  inner  side  of  extensor  tendon 
to  a  point  near  tlie  iuterphalangeal  joint.  The 
inci.sion  is  now  carried  downward  o\'ei-  the  inter- 
nal to  the  plantar  surface,  which  it  traverses  in 
a  slight  curve  to  a  point  near  the  Well,  the  toe 
being  drawn  inward  while  the  plantar  incision  is 
lieing  made.  The  knife  is  next  introduced  at  the 
dorsal  sui-face  of  the  wel)  and  the  incision  is  com- 
pleted by  cutting  in  a  straight  line  to  the  point  of 
starting.  The  incision  is  now  deepened  through- 
out, directly  down  to  the  lione.  The  flexor  tendon 
should  be  divided  as  high  up  as  possible,  and  this 
is  liest  accomplished  by  forcibly  extending  the  toe 
while  the  plantar  incision  is  deepened.  The  soft 
parts  are  then  dissected  away,  great  care  being 
taken  that  the  knife  hug  the  bone.  Wlien  the 
glenoid  ligament  is  exposed  it  should  Ije  divided  transver.sely  upon  the  base 
of  the  last  (surgical)  phalanx,  thus  opening  the  joint.  The  ligament,  with  the 
sesamoid  bones,  should  be  left  in  the  stump.  The  amputation  is  completed  by 
dividing  the  lateral  ligaments  and  the  extensor  tendon.  The  sheath  of  the 
flexor  tendon  should  be  carefully  closed  by  one  or  more  sutures  of  fine  catgut. 


Fig.  1.')2. — Amputation  of  Toes. 
(From  Treves'  "Operative  Sur- 
gery.") .4,  Disarticulation  of  the 
second  phalanx  of  a  toe  by  the 
racquet  or  oval  incision;  5,  dis- 
articulation of  tlie  great  toe  by 
tiie  racfiuet  or  oval  incision. 
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Fig.  153.— Dubreuil'; 
Operation  for  the  Re 
nio\-al  of  All  the  Toes 
(From  Treves'  "Opera 
tive  Surgery.") 


Tlie  two  plantar  digital  arteries  should   he  secured ;  one  will  he  found  in  the 
well,  while  the  othrr  is  at    tlie   exti-einity  of  the  flap. 

Disarticulation  of  any  of  the  Lesser  Toes  at  the  Metatarso-phalangeal  Joints. 
— The  racquet  incision  is  the  one  usually  eniplo_yed.  The  adjacent  toes  should  be 
retracted  by  the  assistant  with  sterile  tapes  or  bandages.  The  surgeon,  seated 
directly  in  front  of  the  foot,  grasps  the  toe  with  the 
thumb  ami  fingers  of  the  left  hand  and  inserts  tlu'  knife 
alnio.st  half  an  inch  behind  the  metatarso-phalangeal  joint, 
in  the  median  line  of  the  doi'sal  surface.  The  incision  is 
carried  directly  forward  to  the  centre  of  the  last  (sur- 
gical) ]ihalan\  ami  then  encircles  the  toe  to  form  the 
raccjuet,  the  convexity  of  which  should  be  jvist  behind 
the  web.  The  joint  should  be  openetl  from  the  plantar 
surface  by  cutting  through  the  glenoid  (plantar)  ligament 
in  the  manner  tlescribed  in  the  previous  sections  relating 
to  amputations.  The  sheath  for  the  flexor  tendons  should 
be  closed  in  the  usual  manner. 

In  disarticulating  the  little  toe  the  handle  of  theraccjuet 
should  be  placed  to  the  innei- side  of  the  extensor  tendon, 
.so  that  the  cicatrix  shall  be  well  out  of  the  way  and  pro- 
tected b}'  the  fourth  toe. 
In  disarticulating  two  contiguous  toes  the  handle  of  the  racquet  should  be 
placed   between    them.     The    toes   are   disarticulated   separately,    the    tendon 
sheaths  closed,  and  the  wound  sului-e(l  in  the  usual  manner. 

Disarticulation  of  all  the  Toes  at  the  Metatarso-phalangeal  Joints.  (Figs. 
153  and  154.) — The  importance  of  this  operation  is  almost  wholl}'  of  a  theoretical 
nature.  It  is  rarely  called 
for  in  actual  practice  and  it 
is  difficult  to  provide  a  flap 
of  sufficient  size  to  cover  the 
large  head  of  the  first  meta- 
tarsal bone.  The  best  meth- 
od is  that  which  calls  for 
short  dorsal  and  long  plantar 
flaps,  although  Dubreuil  ad- 
vocates an  additional  l'- 
shaped  flap  from  the  inner 
side  of  the  great  toe.  With 
the  foot  everted,  the  incision 
is  conniienced  just  over  the 
metatarso-phalangeal  joint  of  the  great  toe  and  carried  directly  forward,  midway 
between  the  plantai-  and  dorsal  surfaces,  until  the  middle  of  the  first  (anatomical) 


Fig.  1.54, — Siiniiltaoeous  Disarticulation  of  Ail  the  Toes 
of  One  Foot.  (After  Farabcuf.)  a,  Condition  of  the  stump 
after  the  flaps  have  been  pressed  down  over  tlie  gaping  wound; 
b,  ccmdition  after  the  flaps  have  been  stitched  together. 


316  AMERICAN  PRACTJCl*;  OF  SURGERY. 

phaliuix  (il'tlic  lii'cat  tuc  is  reaclii'd.  'Hie  assistanl  imw  extends  the  foot  and  Hexes 
the  toes  .sliglitly  while  the  operaldr  ennliiiues  (lie  iiirisioii  transversely  over  the 
(lorsuiii  of  tlie  first  (anatomical)  phalanx  oft  he  great  toe  and  then  follows  the  line 
of  the  Mel),  successively  separating  the  contiguous  toes  with  the  fingers  vi  the 
left  hand  until  the  dorsum  of  the  little  toe  is  reached,  when  the  incision  is  car- 
i-ied  backward  along  the  outer  margin  of  IIk  little  toe  to  terminate  at  the  meta- 
tarso-phalangeal  joint.  (Fig.  153.)  The  dorsal  flap  thus  outlined  is  now  dissected 
back,  the  assistant  manipulating  the  toes  and  thus  leaving  the  surgeon's  left 
hand  free  to  liold  the  flaj),  which  should  contain  all  of  the  tissues  dowir  to  the 
extensor  tendons.  Allien  half  of  the  flap  has  been  raised  the  extensor  tendons 
should  be  divided,  the  assistant  successively  extending  each  toe  to  facilitate  the 
division  of  each  tendon  at  the  highest  point.  The  dissection  should  be  continued 
until  the  metatarso-phalangeal  joints  ha^•e  been  exposed.  The  operator  then 
holds  the  toes  extended  and  makes  the  j^lantar  flap  by  joining  the  distal  ex- 
tremities of  the  two  lateral  incisions  by  a  transverse  cut  which  follows  the 
creases  between  the  toes  and  the  sole,  exposing  the  flexor  tendons.  The 
assistant  now  takes  charge  of  the  toes  and,  when  half  of  the  jolantar  flap  has 
been  dis.sected  back,  he  extends  them  to  enable  the  operator  to  divide  the 
flexor  tendons  high  up.  Tlie  dis.section  of  the  soft  parts  is  continued  until  the 
line  of  the  joints  has  been  expo.sed.  The  flaps  are  now  strongly  retracted,  the 
joints  are  opened  upon  the  dorsimi,  and  the  lateral  ligament  of  the  joint  upon 
the  operator's  right  side  is  divided.  The  toes  are  next  extended  and  the  joints 
opened  upon  the  plantar  aspect,  care  being  taken  to  jjreserve  the  glenoid 
(plantaiO  ligaments.  Complete  disarticulation  is  now  effected  from  right  to 
left. 

After  the  sheaths  of  the  flexor  tendons  huxe  been  clo.sed  by  sutures  of  fine 
catgut,  the  plantar  digital  arteries  in  the  plantar  flap  are  ligated.  The  dorsal 
digital  arteries  in  the  dorsal  flap  rarely  require  attention. 

Amputation  of  All  the  Toes  together  with  the  Heads  of  the  Metatarsal 
Bones. — Although  this  amputation  partly  removes  the  anterior  supporting 
points  of  the  foot,  it  is  frequently  demanded  in  surgical  practice  and  is  a  most 
useful  procedure.  The  best  method  is  that  which  utilizes  a  long  plantar  and 
a  short  dorsal  flap.  The  line  of  section  of  the  metatarsal  bones  should  be  a 
curved  one,  approximately  parallel  witli  the  line  of  the  W'eb. 

The  surgeon  sits  in  front  of  the  foot,  which  he  maintains  in  a  position  of 
forced  flexion  with  his  left  hand.  In  operating  upon  the  left  foot  he  inserts 
the  knife  at  the  inner  margin,  midway  between  the  plantar  and  doi'sal  surfaces, 
just  behind  the  point  of  proposed  division  of  the  first  metatarsal  bone.  The 
incision  is  carried  directly  forward  until  it  reaches  the  crease  between  the  great 
toe  and  the  sole,  and  then  ciu'ves  across  the  sole  just  behind  the  web  until  the 
outer  surface  of  the  little  toe  is  reached.  From  this  ])oint  it  is  continued  di- 
rectly backward,  midway  between  the  plantar  and  dorsal  surfaces,  and  ter- 
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niinatcs  at  a  point  just  i)osterior  to  the  site  of  the  [.iroposed  division  of  tlie  fifth 
metatarsal  Ijone.  The  assistant  now  takes  charge  of  the  foot,  which  is  still 
maintained  in  a  position  of  forced  flexion,  and  the  operator  uses  his  left  hand 
to  hold  the  flap,  which  he  dissects  backward.  As  soon  as  the  dissection  has  been 
well  starteil,  the  flexor  tendons  should  be  divided  as  liigh  up  as  possible,  this 
step  being  facilitated  l>y  the  assistant,  who  forcibly  extends  the  toes.  The 
plantar  flap  should  contain  all  the  tissues  do^\^l  to  the  bones. 

With  the  foot  extended,  a  short  dorsal  flap  is  now  fashioned  Ijy  making  a 
dorsal  incision  parallel  with  the  plantar  cut  and  about  one  inch  in  advance  of  its 
termination.  All  the  tissues  aw  included  down  to  the  Ijone,  and  the  extensor 
tentlons  are  divided  as  soon  as  the  dissection  of  the  flap  has  been  widl  com- 
menced. The  interossei  muscles,  cmbi'acing  the  metatarsal  bones,  are  nov\- 
cleanly  divided  at  the  sites  of  proposed  section  and  the  flaps  retracted  well 
out  of  the  way.  Each  bone  shoukl  then  be  separately  divided  from  the  dorsal 
aspect  liy  a  narrow  saw,  the  line  of  section  of  all  the  bones  being  made  parallel 
to  the  line  of  the  web.  The  four  plantar  digital  arteries  in  the  plantar  flap 
oppo.¥ite  to  the  interosseous  spaces  should  now  be  secured  by  ligatures.  The 
plantar  digital  vessel  to  the  inner  side  of  the  first  metatarsal  bone  and  the  one  to 
the  outer  side  of  the  fifth  metatarsal  may  also  require  attention.  The  corre- 
sponding vessels  in  the  dor.sal  flap  should  next  be  inspected,  but  the  ordy  one 
usuallj-  recfuiring  a  ligature  is  the  first  dorsal  interosseous  artei-y  which  is  divided 
opposite  to  the  first  interosseous  space. 

Partial  Amputations  of  the  Foot. — Under  this  head  will  be  considered  the 
disarticulation  of  the  great  toe  and  httle  toes,  with  their  respective  meta- 
tarsal bones;  Lisfranc's  amputation  with  its  modifications;  Chopart's  amputa- 
tion;  Syme's  amputation:   and  PirogofT's  amputation  with  its  modifications. 

DlS.\RTIClL.\TIOX    OF    THE     GrEAT    ToE,     TOGETHER    WITH     ITS    MeTATARS.\L 

BoxE. — The  instruments  required  in  this  operation  are  the  following:  One 
stout  knife  with  a  blade  three  inches  in  length,  a  scalpel,  narrow  retractors,  lion- 
jaw  forceps,  dissecting  forceps,  ha'inostats,  scissors,  and  needles. 

The  lanceolate  or  racquet  incision  should  be  employed.  (Figs.  151  and  155.) 
The  first  tarso-metatarsal  joint  will  b.e  found  one  inch  in  advance  of  the  tubercle  of 
the  na\^cular  bone.  The  toe  is  grasped  in  the  left  hand  and  the  knife  is  inserted 
at  the  imier  border  of  the  foot  just  anterior  to  the  line  of  the  tarso-metatarsal 
joint.  The  inci.sion  is  carried  upward  and  outward  until  it  reaches  the  centre  of 
the  dorsal  surface  of  the  metatarsal  bone.  It  is  then  continued  directly  foi- 
ward  in  the  median  Ime  of  the  dorsum  and  to  the  inner  side  of  the  tendon 
of  the  extensor  proprius  hallucis.  At  the  middle  of  the  metatarsal  bone 
the  cut  gradually  slopes  to  the  web;  it  then  traverses  the  plantar  surface  in 
the  groove  between  the  toe  and  the  sole  and  finally  curves  around  the  outer 
surface  of  the  toe  to  join  the  dorsal  incision  at  the  middle  of  the  metatarsal  bone. 
The  dorsal  incision  is  now  deepened  and  the  tendons  of  the  extensor  pollicis 
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Fig.  155. — Partial  Amputations  of  tlie  Foot.  (After 
Treves).  .4,  Disarticulation  of  tlie  great  toe,  togetlier 
with  its  metatarsal  bone,  by  tlie  oval  or  the  racqviet 
incision;  B,  subastragaloid  amputation  by  liecl  fia)!. 


louKUS  and  oxtciisor  hrcvis  difiilnniiii  ;uc  divided  close  to  tlie  tarso-incta- 
tarsal  joint.  The  soft  tissues  are  next  to  be  .sepaiatod  from  Iwtli  sides  of  the 
l)ono,  particular  care  beins  taken  not  to  wound  the  coninumicating  branch  of 
the  dorsalis  pedis  arteiy,  which  passes  between  the  first  and  second  metatarsal 

JKJiies  to  reach  the  sole.  This  dis- 
section is  gieatly  facilitated  by  the 
as.sistant  who  manipulates  the  toe, 
thus  leaving  the  left  hand  of  the 
operator  free  to  jjush  aside  the  tis- 
sues. While  the  assistant  extends 
the  toe,  the  .surgeon  cuts  the  flexor 
tendons  and  clears  away  the  tissues 
from  the  plantar  aspect  of  the 
lione  until  the  joint  is  well  expo.-^ed. 
The  sesamoid  bones  remain  in  the 
stump.  The  joint  is  now  ojiened 
from  the  dorsum  and  also  upon  the 
outer  and  inner  sides.  The  opera- 
tor again  takes  the  toe  in  his  left  hand,  divides  the  strong  plantar  ligament 
and  any  fasciculi  which  have  previously  escajjed,  and  frees  the  bone  by  divid- 
ing the  tendons  of  the  peroneiis  longus  and  tibialis  anticus.  The  sheath  of  the 
flexor  tendon  is  clo.sed  by  fine  catgut  sutures,  the  tendon  having  been  first 
retracted  high  up.  The  ai-tci-ies  leqiiii'ing  attention  are;  the  doi'sal  digital 
branches  of  the  first  interosseous  in  the  dui'sal  inci.sion  and  the  termination  of 
the  internal  plantar,  the  first 
plantar  digital,  and  the  internal 
digital  branch  to  the  great  toe  in 
the  plantar  aspect  of  the  wound. 
Unless  great  care  is  exercised  the 
communicating  branch  of  the 
dorsalis  pedis  ■will  be  wounded 
between  the  first  and  second 
metatarsal  bones.  This  operation 
is  rarely  called  for  in  practice. 
Disarticulation  of  the  Lit- 
tle Toe,  together  with  its 
Metatarsal  Bone.  (Fig.  156.) 
—The  lanceolate  or  racquet  incision  should  be  employed.  The  tarso-meta- 
tarsal  joint  of  the  little  toe  will  be  found  immediately  behind  the  prominent 
tuberosity  of  the  fifth  metatarsal  bone.  The  toe  is  grasped  in  the  left  hand, 
the  knife  is  inserted  at  the  outer  margin  of  the  foot,  almost  half  an  inch  behind 
the  tubero.sity  of  the  fifth  metatarsal  bone,  and  the  incision  is  cari'ied  ujward 


Fig.  1.56. — A,  Disarticulation  of  the  Little  Toe,  to- 
gether with  its  Metatarsal  Bone,  by  the  Oval  or  Racquet 
Incision  ;  B,  Maurice  Perrin's  subastragaloid  amputation. 
(From  Treves'  "Operati%'c  Surgery.") 
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in  the  line  of  the  cubo-metatarsal  joint.  Upon  reaching  the  median  line  of  the 
metatar.sal  bone  the  surgeon  continues  the  incision  for^vard  as  far  as  the 
neck  of  the  bone,  where  an  oval  flaj)  is  fasliioncd  as  in  the  preceding  opera- 
tion. The  incision  is  deepened  ant!  the  operator  proceeds  in  the  same  man- 
ner as  in  disarticulating  the  first  metatarsal  bone.  The 
outer  tendon  of  the  extcn.sor  digitonuii  longus  is  divided 
at  the  highest  point  of  the  dorsal  incision,  in  which  situa- 
tion a  portion  of  the  extensor  digitorum  brevis  is  also 
visible.  The  soft  tissues  are  cleared  fioin  both  sides  of 
the  bone,  the  tendons  of  the  peroneus  tertius  and  brevis 
are  divided,  and  the  joint  between  the  cuboid  and  the  fifth 
metatai'sal  bone  is  opened  from  the  dorsum,  as  is  also 
the  joint  Ijctwecn  the  bases  of  the  foui'tli  and  fiftli  meta- 
tarsal bones.  The  plantar  aspect  of  tlie  lione  is  then 
cleared  and  disarticulation  completed  l)y  dividing  the 
plantar  ligament  as  well  as  .several  strong  fasciculi  of  the 
plantar  fascia.  The  dorsal  digital  arteries  are  cut  by 
the  dorsal  incision,  the  [ilantar  digitals  are  divided  in  the 
plantar  portion  of  the  wound. 

This  operation  is  rarely  called  for  in  practice. 

DlS.\RTICULATION      OF      TwO      TOES,      TOGETHER     AVITH 

Their    Met.\tarsal   Bones. — Tliis    is   similarly    accom- 
plished by  the  raccjuet  method,  the  handle  of  tlie  racquet  being  placed  between 
the  two  bones. 

Disarticulation  of  the  Second,  Third,  or  Fourth  Toe,  with  Its  Re- 
spective MET.A.TARSAL  BoNE. — These  Operations  may  be  performed  by  the  racquet 


Fig.  1-57. — Lisfranc's 
Amputation.  (From 
Treves'  "  Operative  Sur- 
gery.") 


Fig.  158. — Disarticulation  of  tlie  Seconfl  Metatarsal  in  Lisfranc's  .\mputation  of  the  Foot.  The 
knife  is  being  used  to  separate  tlie  second  from  the  first  metatarsal  bone.  (From  Jacobson  and  Steward: 
"Operations  of  Surgery.") 

method.     They  are  infrecjuently  employed,  but  should  be  considered  in  order 
to  familiarize  the  student  with  the  anatomical  recjuirements  relating  thereto. 
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Disarticulation  of  the  Antekiok  Poktion  of  the  Foot  at  the  Tarso- 

MicTATARSAL  JoiNT  (Lisfraiic's  Operation).  (V\jS.i<.  157-162.)— ,s'(/rr//m/  Anatovnj. 
— Tlif  line  of  tlie  tar.so-motatarsal  joints  is  (luite  irregular,  hul  it  may  he  re- 
garded ill  general  as  a  (■ui-\'ed  one,  llie  conN'exily  being  diri'cted  ;inleiini-ly.  The 
curve  starts  at  tlie  inner  m.-irgin  of  llie  foul,  at  the  first  tarso-iiietatarsal  joint, 


Fig.   159. — The  Coup  de  Maitrc  in  Li.sfr:iiii-'s  .\iuputiUioii;  first  step,      (.\ftfr  Giu'rin,  in  Treves' 

"  Operati\'e  Surgery.") 

one  inch  in  advance  of  the  tubercle  of  the  scaplioid,  and  terminates  at  the  outer 
margin  of  the  foot,  at  the  fifth  tarso-metatarsal  joint,. which  is  located  by  the 
prominent  tuberosity  of  the  fifth  metatarsal  l^one.  For  all  practical  jiurpcsesit 
may  be  assumed  that  the  first,  third,  fourth,  and  fifth  joints  are  in  this  line.  The 
second  tarso-metatarsal  articulation,  ho\ve-\'er,  lies  back  from  this  line,  and  this 
anatomical  detail  should  be  ^vell  fixed  in  the  mind  of  the  oj^erator.  The  five 
metatarsal  bones  articulate,  Mitli  tlie  three  cuneiform  bones  and  \vith  the  cuboid 
bone,  in  the  following  mamier:  the  first  metatarsal  articulates  with  the  internal 


Fig.  IGO. — The  Coup  de  Maitre  in  Lisfranc's  Ampntation;  second  step,      (.\fter  Gu(5rin,  in  Treves' 

"Operative  Surgery.") 

cuneiform  by  a  reniform  facet,  and  occasionally  with  the  second  metatarsal  bone 
by  an  indistinct  facet;  the  second  metatarsal  articulates  with  the  three  cunei- 
forms, with  the  third  metatarsal,  and  occasionall}'  with  the  first  metatarsal: 
the  third  metatarsal  articulates  with  the  external  cuneiform  and  with  the  second 
and  fourth  metatarsals;  the  fourth  metatarsal  articulates  with  the  cuboid, 
with  the  external  cuneiform,  and  with  the  third  and  fifth   metatarsals;    the 
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fifth  metatarsal  articulates  with  the  fourth  metatarsal  and  with  the  cuboid 
bone.  Mr.  Henry  Morris  groups  these  numerous  articulations  into  three  sepa- 
rate tarso-metatarsal  joints,  as  follows: 

1.  The  Inner  Tarso-metatarsalJoint.  (Fig.  148.) — This  is  situated  between  the 
internal  cuneiform  and  the  base  of  the  first  metatarsal  and  is  lined  by  a  synovial 
membrane  which  is  separate  from  tho.se  of  all  the  other  joints.  The  capsular  liga- 
ment is  much  thickened  below  and  to  the  inner  side.  2.  The  Middle  Tarso-mela- 
tarsal  Joint. — This  joint,  which  is  situated  between  the  three  cuneiform  and  the 
second  and  third  metatarsal  bones,  is  proA'ided  with  dorsal  ligaments,  strong  plan- 
tar hgaments,  and  one  interosseous  ligament. 
The  latter  structure  (Lisfranc's  ligament)  in 
the  form  of  a  very  strong  fasciculus,  which  ex- 
tends from  the  outer  surface  of  the  first  cunei- 
form to  the  inner  surface  of  the  base  of  the 
second  metatarsal,  subdivides  the  joint.  It 
renders  the  disarticulation  of  the  second  meta- 
tarsal quite  difficult  and  is  severed  in  the  step  . 
known  as  the  "coup  de  niaitre."  The  synovial 
membrane  is  an  anterior  extension  from  that         ^^^   lei.-stump  After  LisfranCs 

which  lines  the  naviculo-CUneiform  jomtS  and  Operation.  (After  Fergusson,  from 
,,  ,  .,.  ,.      1    .-  r,     ^711  Jacobson   and   Steward:    "Operations 

the    outer    cuneiform    articulations.      d.  1  he      ^j  Surgery.") 

Ciibo-metatarsal  Joint  between  the  Cuboid  and 

the  Fourth  and  Fifth  Metatarsal  Bones. — It  is  provided  with  dorsal,  plantar, 

and    interosseous   ligaments.     The  synovial   membrane  also  extends  between 

the  ba.ses  of  the  fourth  and  fifth  metatarsals. 

Each  metatarsal  bone  has  a  single  epiphysis.  In  the  four  outer  ones  it  forms 
the  head,  but  in  the  first  metatarsal  it  constitutes  the  base  of  the  bone.  These 
ejiiphyses  unite  with  the  .shafts  between  the  ages  of  eighteen  and  twenty. 

The  base  of  the  first  metatarsal  bone  receives  the  attachment  of  the  peroneus 
longus  and  some  fasciculi  of  the  tibialis  anterior.  The  base  of  the  fifth  metatar- 
sal bone  receives  the  peroneus  brevis  and  peroneus  tertius.  The  plantar  arch 
runs  oblicjuely  across  the  joint  between  the  bases  of  the  fourth  and  fifth  meta- 
tar.sals,  and  then  passes  over  the  bases  of  the  .second  and  third  metatarsals  some- 
what in  advance  of  the  tarso-metatarsal  joints. 

The  Lisfranc  Operation.  (Figs.  157-162.)— The  instruments  required  for 
this  ]M-oco(lure  are  a  stout  narrow  knife  with  a  blade  four  or  five  inches  in  length, 
a  scalpel,  a  saw,  a  narrow  spatula,  dissecting  forceps,  hfemostats,  retractors,  sci.s- 
sors,  and  needles.  The  patient  should  be  in  the  dorsal  position  with  the  foot 
well  beyond  the  edge  of  the  table  and  at  the  level  of  the  operator's  neck  when 
he  is  seated.  The  operator  stands  while  cutting  the  dorsal  flap,  but  sits  facing 
the  sole  of  the  foot  when  fashioning  the  plantar  flap  and  during  the  completion 
of  the  disarticulation. 

VOL.  IV.— 21 
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It  hi'ing  assvinied  tliat  llic  riftlit  font  is  (he  .subject  (if  tlic  (ipci-alioii,  Ihe 
surgeon  liold.s  the  member  in  an  extended  ])o.sition  witli  liis  left  hand,  his  thumb 
being  upon  the  base  of  the  fifth  metatarsal,  his  index  finger  upon  the  base 
of  the  first  and  his  pahii  in  contact  with  the  sole.  The  dorsal  integument  is 
put  upmi  tile  strctcli  and  the  knife  is  introduced  al  the 
plantar  aspect  of  the  outer  margin  of  the  foot,  imme- 
diately liehind  the  tubero.sity  of  the  fifth  metatarsal. 
Tile  incision  is  carried  forward  along  the  outer  mar- 
gin, of  the  foot  for  about  an  incli,  and  llicn  curves 
inward  across  the  dorsum,  passing  about  ludf  an  inch 
in  front  of,  and  parallel  with,  the  line  of  the  tar.so- 
metatarsal  joints.  It  should  strike  the  ]jlantar  aspect 
of  the  inner  margin  of  the  foot  half  an  inch  in  front 
of  the  first  tarso-meta tarsal  joint,  should  then  follow 
the  internal  margin,  and  terminate  three-quarters  of 
an  inch  behind  the  articulation.  The  assistant  now 
maintains  the  foot  in  extension,  thus  allowing  the 
surgeon  to  use  his  left  hand  to  assist  in  raising  the  dor- 
sal flap.  ^^Tlen  about  a  quarter  of  an  inch  of  the  integ- 
ument has  been  rai.sed,  the  extensor  tendons  are  divid- 
ed and  the  flap  is  made  to  contain  all  of  the  soft  parts 
down  to  the  bones.  (Fig.  158.)  The  dissection  should 
be  carried  back  until  the  tar.so-meta tarsal  joints  are 
freely  exposed.  Although  this  is  called  the  "dorsal" 
flap,  particular  care  should  be  taken  to  include  as  much 
as  possible  of  the  tissues  of  the  inner  and  outer  mar- 
(At  this  stage  of  the  operation  surgeons  formerly  disartic- 

The  surgeon   now  sits 


Fig.  162.— Plantar  Inci- 
sions. (From  Treve.s* 
"  Operative  Surgery.")  A, 
I.isfranc ;  B,  Chopart ;  C, 
Pirogoff;Z),  Syme;  E,  Far- 
abeuf  p  subastragaloid  am- 
putation; F,  Farabeuf's 
aniputation  at  the  ankle. 


gins  of  the  foot 

ulated  and  obtained  the  plantar  flap  by  transfixion.) 
facing  the  sole  and  holds  the  foot  in  the  flexed  position  with  his  left  hand, 
the  thumb  being  beneath  the  toes,  and  the  fingers  resting  upon  the  dorsum. 
The  knife  is  inserted  at  the  plantar  aspect  of  the  outer  margin  of  the  foot, 
at  the  commencement  of  the  dorsal  cut,  and  the  incision  is  carried  along 
the  plantar  edge  of  the  fifth  metatarsal  for  a  short  distance.  It  then  curves 
oblicjuely  along  the  neck  of  the  fourth  metatarsal,  sweeps  across  the  sole 
just  behind  the  necks  of  the  metatarsal  bones,  and,  following  the  plantar 
edge  of  the  metatarsal  bone  of  the  great  toe,  terminates  at  the  inner  end  of  the 
dorsal  incision.  The  inner  extremity  of  the  plantar  flap  should  be  longer 
than  the  outer.  The  assistant  again  takes  charge  of  the  foot  by  grasping  the 
toes  and  holding  them  in  a  position  of  forced  extension.  The  operator  next 
raises  the  plantar  flap,  which  consists  only  of  skin  and  subcutaneous  tissue,  until 
the  hollow  behind  the  heads  of  the  metatarsals  is  well  exposed.  The  tense 
flexor  tendons  are  divided  by  firm  transverse  cuts.     The  remainder  of  the  flap 
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should  iiiilvidi'  all  of  tlie  tissues  do'n-n  to  the  bone,  and  the  dissection  should  be 
continued  until  the  tendon  of  the  pcroneus  longus  is  reached.  This  tendon 
indicates  the  line  of  the  tarso-nietatarsal  joints  and  is  not  to  be  divided  until 
the  disarticulation  has  been  completely  effected. 

The  opei'ator  now  stands  up  and  extends  the  foot  with  his  left  hand  while 
the  assistant  retracts  both  the  dorsal  and  the  plantar  flaps  well  out  of  harm's 
way.  The  disarticulation  is  commenced  by  insci'ting  the  knife  just  behind  the 
tuberosity  of  the  fifth  metatarsal,  and  cutting  oliliquely  forward  and  inward,  thus 
opening  the  tansal  joints  of  the  tlucc  outer  metatarsal  bones  and  simultaneously 
dividing  the  tendons  of  the  peroneus  brevis  and  peroneus  tertius.  The  joint 
between  the  first  metatarsal  and  the  internal  cuneiform  is  next  opened  in  a  sim- 
ilar manner,  the  incision  simultaneovisly  dividing  some  of  the  radiating  fasciculi 
of  the  tibialis  anticus.  The  joint  between  the  second  metatarsal  and  the  middle 
cuneiform  is  now  located  (it  will  be  found  nearly  a  half-inch  behintl  th(>  tarso- 
metatarsal joint  of  the  great  toe)  and  opened  upon  its  dorsal  aspect.  The  most 
difhcult  portion  of  the  operation,  the  division  of  the  ligament  of  Lisfranc,  now 
follows  and  is  accomplished  by  what  has  long  been  known  as  the  "  coup  de 
mattre."  (Figs.  1.59  and  160.)  The  knife  is  held  like  a  trocar,  at  a  sliglit  angle 
with  the  dorsum  of  the  foot  and  with  the  cutting  edge  toward  the  ankle.  The 
point  is  forcibly  thrust  between  the  ba.ses  of  the  first  and  second  metatarsals 
until  it  impinges  against  bone.  The  knife  is  then  held  like  a  dagger  and  the  han- 
dle elevated  until  it  stands  at  a  right  angle  to  the  tlorsum  of  the  foot.  During 
this  mann'uvrc  the  rutting  edge  should  be  directed  toward  the  external  mal- 
leolus. The  remaining  iilantai'  ligaments  are  then  divided,  and  the  completely 
disarticulated  metatarsus  freed  by  drawing  out  the  peroneus  longus  tendon  and 
dividing  it  as  high  up  as  possible  in  the  outer  angle  of  the  wound. 

In  the  left  foot  the  incisions  are  commenced  upon  the  inner  side  of  the  foot, 
and  the  tlisarticulation  is  accomplished  in  the  reverse  order. 

Four  dorsal  interosseous  arteries  are  divided  in  the  dorsal  flap,  as  is  also  the 
comnuniicating  branch  of  the  dorsalis  pedis  as  it  passes  toward  the  sole  lictween 
the  ba.'^es  of  the  first  and  second  metatarsal  bones.  The  jjlantar  digital  branches 
of  the  plantar  arch  and  the  termination  of  the  internal  plantar  artery  should  te 
.secured  in  the  plantar  fla]).  The  plantar  arch  itself  may  be  Mounded  near  the 
base  of  the  second  metatarsal  l)one.  A  small  drahiage  tube  should  be  placed  at 
either  angle  of  the  wound,  but  it  is  not  retained  formoie  than  twenty-four  hours. 

This  o])eration  gives  a  well-formed  and  u.seful  stump.  (Fig.  161.)  It  is  one  of 
the  "classic"  operations  which  deserves  to  survive,  although  it  is  frequently  im- 
possible in  practice,  owing  to  the  lack  ofsufhcient  ti-ssuc  to  form  the  plantar  flap. 

Hey's  modification  of  Lisfranc's  operation  is  generally  thought  to  consist  of 
sawing  through  the  projecting  end  of  the  internal  cuneiform  instead  of  disar- 
ticulating the  first  metatansal.  It  is  objectionable  since  it  sacrifices  more  of  the 
insertion  of  the  tibialis  anticus  and  lessens  the  leverage  of  the  foot. 
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Fig.  163. — Chopart's  Amputation  of  the  Foot.  The 
dotted  Une  shows  where  the  incision  is  to  be  made,  but 
it  errs  in  making  the  dorsal  flap  larger  tlian  it  shoultl  be. 
The  correct  size  is  shown  in  Fig.  164.  (After  Fergusson, 
from  Jacobson  and  Steward:  "Operations  of  Surgery.") 


Skey's  modification  consists  in  sawiiif!;  across  tlic  l)a.sc  of  llic  second  meta- 
tarsal and  allowing  it  to  remain  in  tlic  mortise  of  tlie  cuneiform  hones.  The 
remaining  fragment  is  almost  certain  to  undergo  necrosis. 

Hauden's  modification  is  to  tfisarticulate  the  first  metatarsal  bone  and  saw 
')fi  the  remaining  ones  at  tiie  le\-el  of  the  internal  cuneiform. 

R.  W.  Smith's  modification  consists  in  I  lie  division  of  the  four  outer  meta- 
tarsal bones  close  to  their  taisal  extremities  with  a  small  saw,  and  tlie  retention  of 

the  first  metatansal.  The  flap  is 
obtained  entirely  from  the  sole. 
This  modification  preserves  two 
important  anterior  points  of  sup- 
port— the  ball  of  the  great  toe 
and  the  tuberosity  of  the  fifth 
metatarsal  bone:  it  also  adds  to 
the  leverage  of  the  foot  and  in- 
terferes less  with  the  tran.sverse 
arch  than  does  any  one  of  the 
other  modifications.  This  plan 
is  especially  indicated  in  severe  crush  injuries. 

DiSARTict'LATiON  AT  THE  Medio-tarsal  .loiNT  fChopart's  Operation).  (Figs. 
156, 162, 164, 165, 166, 175.) — S^irgical  Anatomy. — The  medio-tarsal  joint  is  com- 
posed of  the  astragalo-scaphoid  and  calcaneo-cuboid  articulations,  which  are  situ- 
ated practically  in  the  same  transverse  line  and  ai'e  j^rovided  with  separate  synovial 
membranes.  The  astragalo-scaphoid  articulation  is  situated  at  the  inner  side  of 
the  foot  just  behind  the  tuberosity  of  the  scaphoid.  It  is  an  arthrodial  joint, 
the  globular  head  of  the  astragalus  being 
received  in  the  concave  posterior  surface  of 
the  scaphoid.  The  joint  is  supported  by 
the  thin  superior  astragalo-scaphoid  liga- 
ment extending  from  the  neck  of  the  astrag- 
alus to  the  superior  surface  of  the  scaphoid, 
the  thick  inferior  calcaneo-scaphoid  liga- 
ment extendmg  from  the  sustentaculum 
tali  of  the  calcaneus  to  the  under  surface  of 
the  scaphoid  and  assisting  in  the  formation 
of  the  socket  for  the  head  of  the  astragalus 
and  the  superior  calcaneo-scaphoid  ligament.  The  latter  fasciculus  is  h<  shaped; 
it  arises  in  the  deep  hollow  between  the  astragalus  and  the  calcaneus  and  blends 
with  the  two  preceding  ligaments  as  it  passes  forward.  The  lower  limb  of  the 
kI  ,  turned  over  on  its  side,  is  formed  by  the  internal  calcaneo-cuboid  ligament, 
which  is  the  chief  bond  of  union  between  the  first  and  second  rows  of  the  tarsal 
bones. 


Fig.  164. — Chopart's  Amputation  of  tlie 
Foot;  Second  Stage.  (From  Jacobson  and 
Steward:    "Operations  of  Surgery.") 
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Fig.  165. — Stump  after 
Cliopart's  Operation.  (Af- 
ter Fcrgusson,  from  Ja- 
oobson  and  Steward: 
"  Operat  ions  of  Surgery. " ) 


The  sjaiovial  membrane  of  this  articulation  is  tlirectly  continuous  witli  tliat 
lining  tlic  anterior  calcaneo-scaphoid  joint.  Tlie  calcaneo-cuboid  articulation 
is  situated  at  tlic  outer  .side  of  the  foot  about  one  inch  posterior  to  the  tuber- 
o.sity  of  the  fifth  metatar.'^^al  bone,  or,  still  better,  mid- 
way between  the  line  of  tlie  external  malleolus  and  the 
tubcro.sity  of  tlie  fifth  metatarsal.  The  articulating  sur- 
faces are  concavo-convex.  The  joint  is  provided  with 
two  dorsal  and  two  plantar  ligaments.  The  dorsal  liga- 
ments are  the  jireA'iously  mentioned  strong  internal 
calcaneo-cuboid  and  the  liroader  su{)erior  calcaneo- 
cubiiid.  The  jihuitar  hgaments  are  the  long  and  short 
calcane()-cul)c)id.  The  scaphoid  receives  about  one-half 
of  the  insertion  of  the  tibialis  posterior. 

The  instruments  and  the  positions  of  the  patient 
and  operator  are  the  same  in  the  Chopait  as  in  the 
Lisfranc  operation.  It  behig  assumed  that  the  right  foot 
is  the  subject  of  the  operation  the  surgeon  holds  the  mem- 
ber in  the  extended  position  with  his  left  hand,  his  palm  being  in  contact  with 
the  sole.  The  knife  is  introducetl  midway  lietween  the  tip  of  the  inner  mal- 
leolus and  the  tuberosity  of  the  scajihoid  and  the  incision  is  carrietl  forward 
along  the  inner  margin  of  the  foot  for  a  short  distance. 
It  then  curves  across  the  dorsum,  cros.sing  the  bases  of  the 
metatarsal  bones,  passes  backward  along  the  outer  margin 
of  the  foot,  and  terminates  just  liehind  the  tulieri)t>ity  of 
the  fifth  metatarsal  bone.  The  jjlantai-  incision  follows 
the  general  lines  of  the  plantar  flap  in  Lisfranc's  operation, 
joining  the  extremities  of  the  dorsal  incision.  It  traverses 
the  foot  in  front  of  the  niidtUe  of  the  metatai'sus,  and  the 
inner  extremity  of  the  flap  should  be  longer  than  the  outer. 
(See  Fig.  162.)  Both  flaps  are  raised  as  in  Lisfranc's  oper- 
ation, and  the  medio-tar.sal  joint  should  be  well  exposed. 
\Mien  disarticulation  is  performed,  the  foot  is  held  in  a 
position  of  talipes  equinovarus.  Care  should  be  taken  not 
to  ojien  the  scai)ho-cuneiform  joint,  thus  leaving  the  scaph- 
oid behind.  Although  this  plan  has  been  recommended 
in  order  to  jweserve  part  of  the  insertion  of  the  tibialis 
posticus,  the  modification  has  not  been  found  advantageous 
in  ])ractice,  since  the  stumj)  is  injured  rather  than 
heljjed  by  the  preservation  of  this  muscle.  The  dorsal  flap 
contains  the  doi-salis  pedis  artery,  its  metatarsal  and  tarsal  branches,  and 
both  sai)hcnous  veins.  The  plantai-  flaj)  contains  the  internal  and  external 
plantar  arteries  and  the  digital  branches  of  the  latter.     Small  drainage  tubes  may 


Fig.  166. — Diagram- 
matic Antero-Poste- 
rior  Section  of  Stump 
often  Seen  after  a  Clio- 
part's  Operation.  It 
sliows  the  sliape  of  tlie 
stinnp,  tlie  position  of 
the  bones,  and  the  in- 
fluence of  the  tendo 
Achillis.  (After  Fara- 
beuf,  from  Jacobson 
and  Steward:  "Opcr- 
ation.s  of  Surgery.") 
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he  iiiliddiiccd  at  citlicr  aii^lr  nf  tlic  incision,  ami    icnuivcd  at  llir  end  nl  Iwcnty- 
I'diir  liDurs. 

Cliopart's  operation  lias  no  oslaljli.shcd  jilacc  in  inodcrn  surjrcrv.  Tiic  hwl  is 
soon  drawn  \\\)  liy  the  tendo  Acliillis,  so  that  tiie  ])atient  walks  ujjoii  the  sharp 
anterior  edge  of  the  calcaneus:  in  other  words,  the  stump  left  by  this  operation 
is  ai)t  lo  he  painful  and  useless.  Tenntoniy  (if  ihe  tendo 
Achillis  does  not  fully  i-eniedy  this  defect,  and  still  further 
weakens  tlie  jiart.  A  little  reflection  shows  that  when  the 
arch  of  the  Inot  is  dix'ided  at  the  highest  point  it  can 
not  he  maintained  liy  a  single  posterior  support,  hut  is 
bound  t(i  fall  under  the  influence  of  superincumbent  weight. 
Eorlx's's  operation  consists  of  disarticulating  at  the 
scapho-cuneiform  joint  and  .sawing  through  the  culioid  at 
this  level.  It  has  all  the  disadvantages  of  Chopart's  op- 
eration, and  tlieol)jectionable  conti'actionof  the  tendo  Achil- 
lis is  rein  foiced  by  the  preservation  of  the  tiljialis  posterior. 
Tripier'sOper.ytion.  (Fig.  167.) — Tripier  sought  to  ob- 
viate the  tilting  of  the  heel  stump  by  making  a  horizontal 
section  of  the  calcaneus  in  oriler  to  jjrovide  the  stum])with 
a  broad  le\cl  base.  The  knife,  in  this  operation,  is  intro- 
duced at  tile  outei-  side  of  the  tendo  Achillis,  at  the  level  of 
the  tip  of  the  extei'ual  malleolus,  and  the  dorsal  incision  is 
carried  foi'waid  (uie  inch  below  the  malleolus.  It  sweeps  a 
finger's  breailth  behind  the  tuberosityof  the  fifth  metatar.sal, 
and  terminates  at  the  inner  side  of  the  extensor  proprius  hallueis,  two  finger- 
breadths  in  front  of  the  ankle  joint.  The  plantar  inci.'^ion  starts  here,  passes  over 
the  internal  cuneiform  bone  at  the  inner  side  of  the  foot,  crosses  the  sole  as  far  as 
its  outer  margin  at  the  base  of  the  fifth  metatari^al,  and  terminates  at  the  com- 
mencement of  the  dorsal  cut.  The  flaj^s  are  raised  until  the  medio-tai'sal  joint  is 
expo.sed,  and  the  dissection  of  the  plantar  flap  is  continued  until  the  sustentac- 
ulum tali  is  laid  bare.  Disarticulation  having  lieen  next  effected,  the  periosteum 
is  elevated  from  the  entire  under  surface  of  the  calcaneus,  which  is  seized  with 
lion-jaw  forceps  and  turned  outwaid.  The  calcaneus  is  sawn  horizontally  from 
within  outward,  just  below  the  sustentaculum,  and  the  angle  between  the 
sawn  and  cuboid  surfaces  of  the  bone  is  rounded  off  with  the  saw.  It  does  not 
seem  that  this  operation  has  been  extensively  performed.  We  believe  that  a 
patient  in  whose  case  this  operation  niiglit  seem  suitable  would  he  better  off 
were  his  leg  amputated  in  the  lower  thiid  and  a  modern  prosthetic  apparatus 
fitted  to  the  stump. 

SuBASTRAG.\LOiD  Dis.\RTici'L.\Tio\. — Siin/ical  Anntovuj. — In  this  di.sarticu- 
lation  the  line  of  separation  passes  through  the  astragalo-scaphoid  and  astrag- 
alo-calcaneal  joints,  the  astragalus  being  the  only  tarsal  bone  left  in  the  stump. 


Fig.  167.  —  Tripier's 
Operation.  (From 
Treves'  "Operative 
Surgery.") 
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A  description  of  the  astragalo-scaphoid  articulation  has  been  p^e^•iously  given 
under  Lisfranc's  operation  (p.  320).  The  astragalo-calcaneal  articulations 
are  two  in  number,  the  anterior  conmiunicating  with  the  astragalo-.'^caphoid 
joint,  while  the  posterior  one  is  entirely  independent.  The  two  joints  are 
separated  by  a  deep  groove  in  both  bones,  at  least  one  inch  in  breadth, 
which  serves  for  the  attachment  of  the  powerful  interos.seous  ligament.  The 
surface  of  the  astragalus,  as  seen  in  the  stumj),  is  flat  and  forms  a  good  base 
for  the  suijerincumbent  ^\•eight.  In  addition  to  the  interosseous  ligament 
the  external  calcaneo-astragaloid,  the  superior  calcaneo-scaphoid,  and  the  mid- 
dle fasciculus  of  the  external  lateral  ligament  of  the  ankle  afford  supjjort  to  the 
joint.  The  posterior  and  internal  calcaneo-astragaloid  ligaments  strengthen  the 
respective  aspects  of  the  joint,  which  also  receives  additional  support  from  a 
portion  of  the  deltoid  ligament. 

The  instruments  recjuii-ed  and  the  position  of  the  surgeon  are  the  same  as 
in  Chopart's  operation. 

Disarticulation,  WITH  a  Heel  Flap.  (Fig.  155.) — The  operator  and  the  pa- 
tient being  in  the  same  position  as  in  Lisfranc's  operation,  the  foot  is  held  at  right 
angles  to  the  leg,  and  the  point  of  the  knife  is  introduced  half  an  inch  l:ielow  the 
external  malleolus.  The  incision  is  carried  directly  downward  to  the  plantar  as- 
j)ect  of  the  heel,  which  it  crosses,  and  finally  terminates  one  inch  below  the  internal 
malleolus.  A  U-shajjed  flap  is  now  fashioned  from  the  dorsimi  of  the  foot,  the 
convexity  of  the  fla])  being  directly  over,  or  slightly  in  advance  of,  the  astragalo- 
scaphoid  joint.  Both  flaps  should  include  all  the  tissues  down  to  the  bone.  The 
heel  flap  is  first  di.ssecfed  back,  and  the  tendo  Achillis  is  then  divided.  The  astrag- 
alo-navicular  joint  is  well  exposed  by  raising  the  dorsal  flap,  and  at  the  same 
time  the  assistant  flexes  the  leg  upon  the  thigh  and  maintains  the  foot  in  a  hor- 
izontal position  with  its  outer  surface  upwaid.  The  operator  next  turns  the 
foot  inward  so  that  its  outer  surface  is  put  uiion  the  stretch,  and  then  0]3ens 
the  astragalo-scaphoid  joint  from  the  dorsum.  The  knife  is  kept  between  the 
bones  and  is  made  to  cut  backward  between  the  calcaneus  and  astragalus  so 
as  to  divide  the  strong  interos.seous  ligament.  As  the  fibres  of  the  ligament  are 
incised  and  the  tendons  to  the  outer  side  divided,  the  various  positions  of  the 
foot  are  exaggerated  by  the  left  hand  of  the  operator,  and  all  tissues  are 
cleared  from  the  lower  and  inner  surfaces  of  the  bone.  ^^^Ien  the  foot  has  been 
completely  disarticulated,  the  heel  flap  being  retracted  well  out  of  harm's 
way  I)}-  the  assistant,  the  dorsum  should  be  directed  downward.  Any  remain- 
ing bridges  of  tissue  are  now  divided  and  the  foot  freed.  The  head  of  the  astrag- 
alus should  be  sawn  off.  Ashhurst,  who  preferred  this  method  of  subastragaloid 
disarticulation  to  all  others,  disarticulated  at  the  medio-tarsal  joint  and  then 
twisted  the  calcaneus  from  side  to  side  witii  a  lion-jaw  forceps  while  he  sepa- 
rated it  from  the  astragalus. 

Tile  arteries  divided  in  the  flaj)  are  essentially  the  same  as  those  divided 
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in  Syiiic's  operation  (sec  p.  329).  A  liolc  .■^liould  lie  inaile  in  tlio  centre  of  the 
lieel  llap,  and  into  this  a  short  drainage  tube  should  be  introduced.  Tlii.s  tulie  is 
to  be  removed  at  the  end  of  twenty-four  hours. 

Tliis  nietliod  is  easier  than  tliatof  any  of  tlie  proceihu-es  whicli  we  are  now 
al)out  to  descril)e.  Tiie  wound  lieals  well,  as  tiie  soft  ])arts  are  not  ea.sily  dis- 
turbed.  Tile  objections  to  tlie  nietiiodare  tiie  narrow  stuni])  wliicli  is  left  and 
the  i^roxiniity  of  the  scar  to  the  pressure  area. 

The  Racquet  Operation  of  Maurice  Perrin.  (Fig.  156.)— This  procedure 
is  difficult  of  execution,  and  the  ves.sels  of  the  flap  are  considerably  endangered 
during  the  progress  of  the  operation.  The  tissues  do  not  heal  as  kindly  as  in 
some  of  the  other  operations,  since  they  must  necessarily  be  rather  I'oughly 
handled.  When  the  operation  is  successful,  however,  the  resulting  stump  is 
broad  and  the  scar  is  well  out  of  the  way  of  ]3ressure. 

The  knife  is  introduced  at  the  insertion  of  the  tendo  Achillis  and  the  incision 
is  carried  forward,  parallel  with  the  outer  liorder  of  the  malleolus,  to  a  point 

just  behind  the  base  of  the  fifth 
metatarsal.  It  then  curves  across 
the  dorsum  and  strikes  the  inner 
border  of  the  foot  at  the  \e\e\  of 
the  joint  between  the  internal  cu- 
neiform and  first  metatarsal  bones. 
The  inci.sion  is  finally  carried  out- 
ward across  the  sole  and  tei'mi- 
nates  in  the  first  incision,  about 
two  inches  Ijehind  the  base  of  the 
fifth  metatarsal  bone.  Disarticu- 
lation is  effected  exactly  as  in  the 
preceding  operation.  The  head  of 
the  astragalus  should  be  sawn  off. 
The  Operation  of  "\'erneuil. 
(Fig.  168.) — This  operation  is  a 
modification  of  the  oval  method. 
The  knife  is  introduced  over  the 
outer  tubercle  of  the  calcaneus 
and  about  two  or  three  centi- 
metres below  the  tip  of  the  ex- 
ternal malleolus.  The  incision 
l^asses  forward  to  a  point  two 
centimetres  behind  and  to  the  inner  side  of  the  base  of  the  fifth  metatarsal, 
from  which  pointit  is  carried  across  the  dorsum  of  the  foot  to  the  centre  of  the 
internal  cuneiform  bone.  It  finally  terminates  by  jjassing  in  a  direct  line 
to   the    point    of    starting.      The    flap  includes  all  the   tissues  down   to    the 


Fig.  16S. — Inner  and  Outer  Sides  of  the  Right  Foot, 
to  Sliow  tlie  Incisions  in  Farabeuf's  Snbastragaloii.! 
Amputation.  (From  Treves'  "Operative  Surgery.") 
A,  Point  where  incision  is  begun;  B,  X  .and  C,  points  to 
which  it  is  next  carried ;  in  its  subsequent  course  it 
crosses  the  sole  of  the  foot  (C  to  D),  then  follows  tlio 
outer  border  of  the  foot  to  the  os  calcis  (E),  and  ter- 
minates at  tlie  point  of  beginning  (A).  (See also  Figs. 
162  and  1G9.)  V,  The  lines  of  Verneuil's  subastraga- 
loid  amputation. 
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Fig.  169. — A,  Farabcuf'sSubastragaloid.^iputation; 
B,  Farabeuf  s  amputation  at  the  ankle  joint;  C,  C,  saw- 
cuts  in  Fasquier  and  Le  Fort's  operation ;  D  sliows  also 
the  saw-cut  made  in  the  os  calcis  in  Tripier's  operation. 
(From  Treves'  "Operative  Surgery.") 


l)one.     Disarticulation  is  effected  in  the  u.sual   manner,    and    the  head  of  the 
a.stragakis  is  sa^ii  off. 

This  is  a  simple  method,  but  it  is  open  to  the  serious  objection  that  the  flap 
is  not  large  enough. 

Farabeuf's  Operation. — The  distinguishing  feature  of  this  operation  is  the 

employment  of  a  large  internal 
and  plantar  flap.  (Figs.  168  and 
169.) 

Lignerolles,  who  first  proposed 
subastragaloid  disarticulation  in 
1S39,  employed  two  lateral  flaps, 
while  Lisfranc  used  a  single  dor- 
sal flap,  and  Malgaigne  took  a 
single  flap  from  the  inner  part  of 
the  plantar  surface.  Nelaton 
fashioned  dorsal  and  plantar  flaps 
which  were  larger  on  the  inner 
than  on  the  outer  side.  The 
stump  after  subastragaloid  disar- 
ticulation is  possibly  more  useful  than  that  of  either  Syme's  or  Pirogoff's  opera- 
tion, owing  to  the  preservation  of  the  ankle  joint. 

Although  agreeing  with  Treves  and  Ashhurst  that  tlie  heel-flap  method  is 
the  best  for  subastragaloid  disarticulation,  we  are  decidetUy  of  the  opinion  that 
if  a  tarso-metatarsal  disarticulation  be  im- 
practicable, the  marked  advance  in  pros- 
thetic appliances  has  made  any  operation 
short  of  a  well-executed  amputation  at  the 
lower  third  of  the  leg,  archaic  and  obsolete. 

DlSARTICULATIOX   AT   THE  AXKLE    JOIXT 

(Syme's  Operation).  (Fig.s.  162,  171,  173, 
174.) — Surgical  Anatoni  ij. — The  ankle  joint  is 
formed  by  the  lower  extremity  of  the  ti!)ia 
and  its  malleolus,  the  external  malleolus  of 
the  fibula,  and  the  astragalus.  The  articu- 
lating surfaces  are  covered  with  cartilage 
and  enveloped b}' a  cap.sular ligament.  Tlic 
latter  structure  is  markedly  thickened  upon 
the  inner  aspect  of  the  joint,  where  it  forms 
the  powerful  deltoid  ligament.  The  liga- 
ments of  the  inner  side  of  tlie  ankle  are 
sliown  in  the  accompanying  cut  (Fig.  172).  The  tendons  about  the  ankle  joint 
run  in  synovial  sheaths  and  ai-e  arranged  in  the  following  manner:   In  front  of 


Fig.  170. — Decortication  of  tlie  Posterior 
Extremity  of  tlie  Os  Calcis  in  Tibio-Tarsal 
Disarticulation.      (Farabeuf.) 
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llic  jdint.anil  I'min  without  iiiwanl,  ai'c  the  tcmloiis  of  the  oxtonsoi-  loiigus 
dijfitoruni,  the  extensor  propriu8  halhicis,  ami  the  tilnahs  aiiticus;  at  the  inner 
side,  and  passino;  from  the  intei-nal  nialicohis  to  the  calcaneus,  are  the  tendons 

of  the  tihiahs  ])osticus,  the  flexor  lon- 
<!;us  diiiitonun,  and  the  flexor  proprius 
hallucis;  at  the  outer  side  are  the  ten- 
dons of  the  peroneus  longus  and  Ijrevis. 
The  posterior  tibial  artery  divides  into 
the  internal  plantar  and  the  external 
plantar  midway  between  the  intei'nal 
malleolus  and  the  tuberosity  of  the 
calcaneus.  The  lower  epiphysis  of  the 
tiljia  represents  the;  articular  surface 
as  well  as  tlie  internal  malleolus:  it 
vuiites  with  the  shaft  from  the  eigh- 
teenth to  the  nineteenth  year.  The 
lower  ei)iphvsis  of  the  hbula  is  the  ex- 
ternal malleolus;  it  unites  with  the 
shaft  during  the  twenty-first  3'ear. 
The  posterior  epiphysis  of  the  calca- 
neus appears  in  the  tenth  year  and 
joins  the  body  of  the  bone  at  about 
the  fifteenth  year. 

The  Operation.  (Figs.  162,  171,  173, 174,  and  175.) — The  instruments  required 
are:  a  stout  knife,  with  a  narrow  blade  three  inches  in  length,  a  roimded  point, 
and  a  large  strong  handle ;  a  scalpel ; 
a  saw ;  bone  forceps,  retractors,  dis- 
secting forceps,  hisemostats,  scissors, 
and  needles. 

The  patient  should  be  in  the  dor- 
sal position,  with  the  foot  well  be- 
yond the  edge  of  the  table  and  at 
the  level  of  the  surgeon's  face.  An 
assistant  steadies  the  leg  with  one 
hand,  and  with  the  other  he  rigidly 
maintains  the  foot  at  a  right  angle 
to  the  leg.  A  second  assistant  looks 
after  the  wound.  The  surgeon  sits 
facing  the  sole  of  the  foot  while 
fashioning  the  heel  flap,  and  stands  to  cut  the  dorsal  flap  and  disarticulate. 
The  point  of  the  knife  is  introduced  at  the  tip  of  the  external  malleolus  somewhat 
nearer  the   posterior  than  the   anterior  border,  and  the  incision  is  carried  di- 


FiG.  171. — Lines  of  the  Incisions  employed  in 
Synie's  Amputation  of  the  Foot.  The  otiier  white 
and  blaeli  lines  siiow  tlie  relations  of  the  plantar 
arteries  to  tliese  incisions,  and  also  tlie  importance 
of  the  ramifications  of  these  vessels,  and  especially' 
of  the  external  plantar  artery,  to  the  proper  nour- 
ishment of  the  flap.      (Farabeuf.) 


Fk;.  172. — Internal  Lateral  Ligaments  of  the  .\nkle. 
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Fig.  173. — Tibio-Tarsal  Disarticulation  According  to 
Syme's  Metliod.     Heel  flap.     (Farabeuf.) 


rectly  (l(n\-in\ard  at  a  right  angle 
to  the  long  axis  of  the  foot.  It 
traverses  tlie  sole  and  passes  di- 
rectly upward  to  terminate  about 
half  an  inch  l^elow  the  ti]5  of  the 
internai  malleolus.  Under  no  cir- 
cumstances .should  the  inner  ex- 
tremity of  the  jjlantar  inci.sion 
pass  behind  the  internal  malleo- 
lus, since  then  it  is  a])t  to  sever 
the  posterior  tibial  artery  and  thus 
deprive  the  flaj)  of  its  main  blood 
supjily  whicii  it  gets  from  the  in- 
ternal calcaneal!  artery. 

It  is  much  safer  to  .shape  the 
heel  fla])  by  two  cuts  starting  re- 
spectively at  the  outer  and  inner  extremities  of  the  above-described  incision 
and  meeting  at  the  .-^ole.  The  heel  flap  is  now  dissected 
back  and  the  calcaneus  clearly  exposed.  It  is  of  great 
im]3ortance  to  keep  clo.se  to  the  bone,  and  the  dissection  is 
continued  until  the  tuberosities  and  the  posterior  surface 
of  thff  calcaneus  are  thoroughly  laid  bare.  It  is  well  to 
peel  oft'  the  i)eri()steuiii  with  the  heel  flap,  and  in  sub- 
jects under  fourteen  the  posterior  epiphy.sis  of  the  calca- 
neus is  separated  and  allowed  to  remain  in  the  stump. 
After  this,  the  surgeon  stands  up  and  forcibly  extends  the 
foot  with  his  left  hand,  while  connecting  the  extremities 
of  tlie  plantar  mcision  by  a  cut  directly  across  the  front 
of  the  ankle.  This  donsal  incision  is  carried  down  to  the 
bone,  and  the  extensor  tendons  are  all  divided  when  they 
are  put  upon  the  stretch. 

The  ankle  joint  lies  just  above  the  dorsal  incision  and 
is  opened  by  dividing  the  anterior  ligament.  The  knife  is 
pas.sed  into  the  joint,  and  the  lateral  ligaments  are  divided 
from  within  outward.  The  posterior  ligament  is  next  di- 
vided, the  superior  surface  of  the  calcaneus  expo.sed,  and 
the  disarticulation  completed  by  dividing  the  tendo  Achillis. 
Both  malleoli  and  the  lower  extremity  of  the  tibia  are 
now  expo.sed  by  di.ssecting  back  the  soft  parts.  The  as- 
sistant retracts  the  flaps  out  of  harm's  way  while  the  surgeon  saws  the  bones 
horizontally,  about  a  quarter  of  an  inch  above  the  lower  margin  of  the  tibia. 
This  saw-cut  should  just  remove  the  inferior  articular  surface  of  the  tibia,  and 


Fig.  174. — A  Syme's 
Stump  Sounclly  Healed 
after  Scraping  out  of 
Sinuses  had  been  Re- 
sorted to.  The  patient 
had  active  secondary 
syphilis  as  well  as  ex- 
ten.sive  caries  of  the 
tarsus,  (From  Jacobson 
and  Steward;  "Opera- 
tions of  Surgerj'.") 
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particuhir  care  should  bo  taken,  in  ynunR  sulijccts,  not.  to  remove  tlic  entire 
lower  epiphysis  of  the  tibia. 

The  anterior  tibial  artery  is  seeured  in  tlie  eentre  of  the  dorsal  flap,  and  the 
external  and  internal  plantar  arteries  are  secured  at  the  inner  extremity  of  the 
heel  flap.  Tlie  internal  malleolar  branch  of  the  posterior  tibial  (behind  the  in- 
ternal malleolus),  the  anterior  peroneal  aiterydn  front  of  the  ankle  joint),  and 
the  external  and  internal  malleolar  branches  of  the  anterior  tibial  artery  (in  front 
of  their  respective  malleoli)  may  also  demand  attention.  A  short  drainage  tube 
is  introduced  through  an  incision  in  the  centre  of  the  heel  flap. 

The  stump  after  a  properly  executed  Syme's  amputation  is  strong  and  satis- 
factory. The  patient  should  Ik^  ]>i-oA'i(led  with  a  special  boot  to  overcome  the 
shortening.     A  prosthetic  ap])liance  can  be  admiral)ly  adjusted  to  this  stump. 

Wyeth  has  pointed  out  that  the  chief  blood  supply  of  the  heel  flap  is  from 
the  calcaneal  branches  of  the  external  plantar  artery,  and  he  draws  the  con- 
clusion tliat  a  longer  plantar  flap  would  be  less  likely  to  slough  than  a  short  one. 


Fig.  175. — The  Incisions  Required  in  Different  Amputations  of  the  Foot.  1,  The  incisions  in 
Pirogoff's  .amputation.  The  dotted  line  shows  tlie  direction  of  the  plantar  incision  in  Syme's  amputa- 
tion; 2,  The  incisions  in  subastragaloid  amputation;  3,  The  incisions  in  Chopart's  amputation.  (From 
Jacobson  and  Steward:    "Operations  of  Surgery.") 


If  such  a  long  plantar  flap  be  made,  it  should  be  raised  from  the  calcaneus, 
from  behind  forward,  after  disarticulating  and  dividing  the  tendo  Achillis. 

Roux's  Dis.\RTicuL.\TioN  AT  THE  Ankle  Joixt. — This  is  a  modification 
of  the  oval  method,  the  consensus  of  opinion  seeming  to  be  that  it  is  distinctly 
inferior  to  Syme's  operation. 

Pirogoff's  Oper.\tion.  (Figs.  162, 1 75, 176.) — This  is  an  osteoplastic  intracal- 
caneal  amputation.  It  differs  from  Syme's  operation  in  that  the  calcaneus  is 
sawn  through,  and  the  cut  surface  of  the  posterior  segment  is  applied  to  the 
sawn  surfaces  of  the  tibia  and  fibula.  The  incision  resembles  that  employed 
in  Syme's  operation,  but  the  heel  flap  is  a  trifle  longer  and  the  dorsal  cut 
more  convex.  The  plantar  incision  commences  just  in  advance  of  the  exter- 
nal malleolus,  and  terminates  at  a  point  directly  opposite,  and  slightly  in  front 
of,  the  internal  malleolus.  The  heel  flap  is  dissected  laackward  for  a  distance  of  a 
quarter  of  an  inch. 
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After  the  foot  has  been  disarticulated  it  is  forciljlj'  dra\Mi  forward  in  a  position 
of  complete  extension,  exposing  the  entire  upper  surface  of  the  calcaneus.  (Fig. 
176.)  The  saw  is  apphed  to  this  surface  a  finger's  breadth  behind  the  astragalus, 
and  the  plane  of  the  bone  section  should  correspond  to  that  of  the  edges  of  the 


Fig.  176. — Division   of  tlie   Os  Calcis  in  Pirogoff's  .\mpu(ation   of   the   Foot.      (From  .laoobson  and 

Steward:    ''Operations  of  Surgery.") 

heel  flap.     During  the  bone  section  the  heel  flap  should  be  kept  out  of  harm's 
wa}'  by  an  assistant. 

The  lower  ends  of  the  tibia  and  fibula  are  now  cleared  as  in  Syme's  ampu- 
tation. The  saw  is  applied  to  the  anterior  aspect  of  the  bones  immediately  above 
the  articular  surface  of  the  tibia,  and  the  bones  are  sawn  through  somewhat 
obliquely,  so  that  the  saw  emerges  upon  the  posterior  surface  of  the  tibia  about 
a  finger's  breadth  abo\e  the  articular  surface. 

The  stump,  after  Pirogoff's  amputation,  is  longer  than  that  after  a  Syme's 
operation,  but  it  j^ossesses  no  other  advantage 
over  the  latter  procedure.  The  fragment  of  the 
calcaneus  left  l)chind  mav  necrose  and  be 
drawn  backward  by  the  muscles  of  the  calf. 
The  tendo  Achillis  .should  be  divided. 

In  Le  Fort's  modification  of  Pirogoff's  ampu- 
tation (Fig.  177)  the  incision  is  practically 
racquet-shaped,  the  handle  of  the  racquet 
commencing  upon  the  outer  side  of  the  foot  at 
the  insertion  of  the  tendo  Achillis.  The  essen- 
tial feature  of  the  modification  is  that  the  cal- 
caneus is  sawn  horizontally  at  the  junction  of 
the  upper  and  middle  thirds.  The  saw  is  applied  just  below  the  sustentaculum 
tali,  and  the  insertion  of  the  tendo  Achillis  is  preserved.  The  resulting  stump 
is  said  to  be  superior  to  that  of  Pirogoff,  since  the  entire  length  of  the  calca- 


FiG.  177.. —  Pasquier  and  Le  Fort's 
Operation.  (From  Treve.s'  "Opera- 
tive Surgery.") 
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IK-US  rests  upon  the  ground,  and  the  skin  coverinji;  it  is  already  adapted  lo  witli- 
staiid  direct  pressure. 

In  Sedillot's  and  Guiithcr's  niodilications  both  tlie  calcaneus  antl  the  bones 
of  tlie  leg  are  sawn  obliquely. 

In  von  Bruns'  modification  the  sawn  surface  of  the  calcaneus  is  concave 
while  that  of  the  conjoined  bones  of  the  leg  is  convex. 

The  Wladimiroff-Mikulicz  Ostkofl.vstic  Resection  of  the  Foot. — 
This  operation  is  of  ciuestionable  utility  and  is  rarely  called  for.     The  soft  parts 

covering  the  heel  are  removed  together  witii  the  cal- 
caneus and  astragalus,  and  the  sawn  surfaces  of  the 
tibia  an<l  filnila  are  brought  in  contact  with  those  of 
the  cuboid  and  navicular  bones.  In  the  majority  of 
instances  this  operation  has  been  done  for  tubercu- 
lous disease  of  the  calcaneus  and  astragalus,  and  in 
these  cases  the  leparative  jiowers  of  the  patient  are 
f /%,J^.^'^\'~  rarely  equal  to  the  severe  demands  of  the  procedm-e. 

'^'  '  It  may  be  employed  in  incurable  ulcers  of  the  heel  or 

after  gunshot  injury,  but  it  seems  to  be  distinctly 
inferior  to  an  amputation  at  the  lower  third  of  the 
leg.  The  patient  must  not  only  wear  a  specially  con- 
structed shoe  upon  the  foot  operated  upon,  but  he 
must  also  be  pro^uded  with  a  high  sole  ujion  the  sound 
side. 

Hancock's  Oper.\tion. — This  is  a  combination  of 
the  subastragaloid  and  Pirogoff  operations.  The  flaps 
are  fashioned  as  in  Pirogoff's  amputation,  but  should 
be  i-ather  longer,  and  the  calcaneus  is  similarly  sawai. 
The  astragalus  is  then  sa^\ii  horizontally,  and  the 
sawn  siu'face  of  the  calcaneus  is  brought  in  contact  \nth  the  similar  surface 
of  the  upper  portion  of  the  astragalus.  The  head  of  the  astragalus  is  also 
removed. 

In  the  interest  of  the  foot  as  a  whole,  Hancock  also  advocated  dividing  the 
tarsal  bones  in  any  situation,  regardless  of  the  location  of  the  joints.  The  sole  at- 
tention, he  believed,  should  be  paid  to  the  complete  removal  of  diseased  or  in- 
jured tissue. 

Amputations  in  the  Lower  Third  of  the  Leg.— With  the  advances  which 
have  been  made  in  the  manufacture  of  prosthetic  appliances,  this  region  of 
the  limb  is  to-day  tlie  "place  of  election." 

The  instruments  required  are:  a  small  amputating  knife  with  a  five-inch 
blade;  a  stout  knife  with  a  four-inch  blade,  luwing  a  narrow  point  and  a  strong 
handle;  a  scalpel,  an  amputating  saw,  an  Esmarch's  bandage,  retractors,  htemo- 
stats,  dissecting  forceps,  scissors,  and  needles. 


Fig.  178. — Amputations  of 
the  Lower  Leg.  (From 
Treves'  "Operative  Sur- 
gery.") A,  Guyon's  supra- 
malleolar amputation  (a,  saw- 
line  for  that  operation) ;  B, 
Duval's  supramalleolar  am- 
putation (b,  saw  line  for  that 
operation). 
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Guyon's  Supramalleolar  Method.  (Fig.  178.) — The  oblique  ellij)tical  in- 
cision commences  in  the  anterior  median  line  at  the  level  of  the  ankle  joint  and 
curves  from  above  downward  across  the  inner  aspect  of  the  ankle,  just  skirting 
the  internal  malleolus.  After  crossing  the  summit  of  the  heel  it  passes  across  the 
outer  aspect  of  the  ankle  a  trifle  in  front  of  the  external  malleolus  and  terminates 
at  the  point  of  starting.  The  surgeon  now  sits  facing  the  sole  of  the  foot  and 
dissects  up  the  heel  flap,  which  shoukl  contain  all  the  tissues  down  to  the  bone  ex- 
cept the  tendons  of  the  peronei.  Tlie  lattei'  nuiscles  are  divided  above  the  ankle 
joint.  Care  should  be  exercised  not  to  damage  the  ves- 
sels upon  the  inner  side  of  the  calcaneus.  The  tendo 
Achillis  is  next  divided,  and  the  tissues  are  cleared 
away  from  the  posterior  aspect  of  the  bones  of  the  leg 
until  a  point  is  reached  about  two  inches  above  the 
tips  of  the  malleoli.  The  surgeon  now  stands,  extends 
the  foot  upon  which  he  is  operating,  and  carries  the 
anterior  incision  down  to  the  bone  without  opening 
the  ankle  joint.  Tlie  tissues  on  the  front  of  the  leg 
are  then  dissected  up,  and  the  anteiioi-  aspect  of  the 
bones  of  the  leg  is  bared  to  the  previously  mentioned 
level.  While  the  flaps  are  retracted  by  an  assistant,  the 
bones  of  the  leg  are  sawn  transversely  just  above  the 
malleoli. 

The  posterior  tibial  artery  will  be  found  upon  the 
inner  side  of  the  heel  flap,  and  the  termination  of 
the  peroneal  artery  upon  the  outer  side.  The  ante- 
rior tibial  artery  is  near  the  anterior  border  of  the 
tibia,  and  the  anterior  peroneal  is  in  front  of  the  ex- 
ternal malleolus.  The  posterior  tibial  nerve  should 
be  dissected  out  of  the  flap  and  divided  high  up. 
Drainage  should  be  provided  by  a  small  incision 
through  the  posterior  portion  of  the  fla]). 

The  good  features  of  the  stump  are  these:  the  cica- 
trix is  well  out  of  the  pressure  area,  and  the  medullary 
canals  of  the  bones  of  the  leg  are  not  opened  up. 

Duval's  Supramalleolar  Amputation.  (Fig. 
178.) — In  this  method  an  oblique  elliptical  incision 
is  also  employed,  but  the  bone  is  divided  at  a  nnich 
higher  level  than  in  the  preceding  operation.  The 
level  of  the  bone  section  ha\'ing  been  decided  u])on, 
the  incision  is  so  planned  that  the  lower  antl  posterior  extremity  of  the 
ellipse  shall  be  placed  below  this  at  a  distance  equal  to  one  and  a  half  times 
the  antero-posterior  diameter  of  the  limb  as  measured  at  the  level  of  the  pro- 


FiG.  179. — Amputations  of 
the  Leg.  (From  Treves'  ' '  Op- 
erative Surgery.")  A,  Am- 
putation of  lower  part  of  the 
leg  by  a  long  posterior  flap; 
B,  amputation  at  the  "place 
of  election"  by  a  large  ex- 
ternal flap  (Farabeuf's  opera- 
tion) ;  C.  Carden'.s  amputa- 
tion; D,  Lister's  modification 
of  the  same. 
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posed  bone  section.  Tlie  liiirhcr  and  antciior  cxtrcMiiity  of  tlie  ellipse  should  also 
be  placed  below  this  level,  but  at  a  distance  not  less  than  three-(iuartei's  of  the 
antero-posterior  diameter  measured  at  the  same  level.  The  plane  of  the  incision 
is  inclined  at  an  angle  of  forty-five  degrees.  The  first  incision  simply  divides  the 
skin,  wliicli  is  allowed  to  retract.  The  soft  pai-ts  are  tlien  divided  down  to  tlie 
bone  in  the  Hne  of  the  retracted  skin.  The  tendo  Achillis  is  divided  near  its 
insertion,  and  the  soft  parts  are  cleared  from  the  bones  to  a  point  just  above  the 
level  of  the  section  previously  decided  upon.  While  the  tissues  are  being  dis- 
sected up  from  the  posterior  aspect  of  tlie  liinb  the  surgeon  should  be  seated 
with  the  leg  elevated  in  front  of  him.  After  the  bones  have  been  sawed,  the 
posterior  tibial  nerve  should  Ije  dissected  out  from  the  jiosterior  flap.  The  tendo 


Flo.  ISO. — Mode  of  Dividing  the  Tissues  in  the  Amputation  by  a  Large  Posterior  Flap.      (From 

Treves'  "Operati\'c  Surgery.") 

Achillis  may  be  retrenched  or,  as  advised  l:)y  some  authorities,  sutured  to  the  cut 
end  of  the  extensor  muscles. 

The  anterior  tibial  artery  is  secured  in  front  of  the  tibia,  the  posterior  tibial 
behmd  this  bone,  the  posterior  peroneal  behind  the  fibula,  and  the  anterior 
peroneal  in  the  posterior  flap,  opposite  to  the  interosseous  space.  The  wound 
was  originally  closed  by  uniting  the  elliptical  incision  transversely,  the  resulting 
cicatrix  being  situated  upon  the  anterior  aspect  of  the  stump.  Some  surgeons 
suture  the  wound  in  an  antero-posterior  direction  to  secure  better  drainage,  but 
this  is  disadvantageous,  since  the  resulting  scar  is  terminal. 

Amputation  by  a  Long  Posticrior  Flap.  (Figs.  179  and  180.) — The  length 
of  the  posterior  flap  after  retraction  has  taken  place  should  be  equal  to  half  the 
circumference  of  the  limb  at  the  level  of  the  bone  section.  The  length  of  the 
anterior  flap  is  about  one-fourth  that  of  the  posterior.  If  the  right  leg  be  the 
subject  for  amputation  the  foot  is  everted,  the  laiife  entered  at  the  level  of  the 
proposed  bone  section,  and  the  incision  carried  downu-ard  in  front  of  the  inter- 
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nal  l^order  of  the  tibia  and  terminated  by  curA'ing  outward  across  the  insertion 
of  the  tendo  Achilhs.  The  foot  is  now  inverted  and  the  external  incision  is 
made  from  al1o^•e  doMiiward  Ijehind  the  fibula,  where  it  meets  the  internal  one 
at  tlie  insertion  of  the  tendo  Achillis.  After  the  flap  has  retracted,  the  tendo 
Achillis  is  di^•ided. 

A  deep  incision,  two  inches  in  length,  is  now  made  in  the  line  of  the  skin-cut 
upon  both  the  inner  and  the  outer  aspects  of  the  hml),  and  these  incisions  are 
carried  do-\\ii  to  the  tibia  and  fibula  resi)ectively.  The  two  wounds  are  deepened 
liy  lilunt  dissection  and  the  muscles  separated  from  the  underlying  bones  and 
interosseous  meml^rane.  With  the  thumb  in  one  wound  and  the  index  finger 
in  the  other,  the  surgeon  now  holds  up  the  soft  parts  with  his  left  hand,  while 
he  completes  the  posterior  flap  by  cutting  through  the  muscles  from  without 
inward,  the  foot  being  held  in  forced  flexion  l>y  an  assistant.  The  anterior  flap 
is  next  fashioned  by  first  dividing  the  integument,  then  the  soft  parts  after  the 
integument  has  retracted,  and  finally  dissecting 
them  away  from  the  bones  and  interosseous 
membrane.  After  the  latter  structure  has  been 
incised,  the  flaps  are  retracted  by  an  assistant,  and 
the  tiliiaand  filnila  divided  by  the  saw.  As  in  all 
amputations  at  this  level,  the  posterior  tibial 
nerve  should  be  exposed  and  divided  at  a  high  level. 

The  anterior  tiliial  artery  is  secured  in  the  an- 
terior flap  in  front  of  the  interosseous  space.  The 
posterior  tilsial  and  the  peroneal  arteries  will  be 
found  in  the  posterior  flap,  the  former  at  the 
middle  and  the  latter  behind  the  fibula.  The  mus- 
cles upon  the  anterior  and  posterior  aspects  of  the 
leg  may  be  united  by  catgut  sutures.  The  stump 
is  usually  a  most  serviceable  one,  and  the  trans- 
verse cicatrix  is  well  away  from  the  pressure  area. 

Teale's  AxipnwTiox  with  a  Lakge  Ante- 
rior Flap.  fFigs.  181-184.) — This  method  may  be 
employed  in  exceptional  cases  where  the  tissues 
have  been  disintegrated  high  up  upon  the  pos-        Fig.  isi.-Teaie's  Amputation  of 

terior    aspect    of    the    leg,  but  in    ordinary  cases  it       the  Leg  by  Rectangular  Flaps.     The 
.,     ,  ,  .  .  n  ,■     1  mi  dotted  Une  indicates  where  the  inci- 

necessitates  too  great  sacrifice  of  bone.  The  3io„  j^  ^  b.  made.  (From  Jacob- 
length  and  breadth  of  the  anterior  flap  should  equal  son  and  Steward;  "Operations  of 
one-half  the  circumference  of  the  limli  at  the  pro-  "''^''^■■ 
loosed  saw-cut.  The  posterior  flajj  should  be  one-fourth  the  length  of  the  anterior 
one.  Particular  care  should  be  taken  to  make  the  anterior  flap  just  as  broad 
below  as  it  is  above.     If  Teale's  amputation  has  any  place  in  surgeiy,  this  is 

the  most  fa\-orable  site  for  its  performance. 
VOL.  IV. — 22 
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The  MoDiFiKD  Ciucri.AK  A.mittatiox. — The  rliicf  objoction  to  this  method 
always  has  been  that  it  leaves  a  terminal  scar.  At  tlie  present  day  this  objection 
is  no  lonjier  valid,  since  the  modern  artificial  limb  does  not  press  against  the 
end  of  the  stump  at  all,  but  sui)j)orts  the  patient  by  making  pressure  upon  the 


Fig.  182. — Teale's  Amputation  of  the  Leg.     The  incision  in  the  skin  has  been  completed  and  the 
fla]i  has  been  turned  back.      (From  Jacobson  and  Steward:    "Operations  of  Surgery.") 

sloping  sides  of  the  extremity.     In  y'ww  of  tlu.'<  fact  the  writers  regard  this  method 
as  the  normal  procedure  in  the  lower  third.     (Fig.  185.) 

Two  lateral  semilunar  flaps  are  fashioned,  the  length  of  which  is  equal  to 
rather  more  than  one-riuarter  of  the  circumference  of  the  limb  at  the  level  of  the 
proposed  saw-cut.     The  bases  of  the  flaps  are  situated  at  this  level  and  are  of 


Fig.  1S3. — Teale's  .\mputation  of  the  Leg  Completed.      (From  .Tacobson  and  Steward:    "Opera- 
tions of  Surgery.") 

equal  width.  After  the  skin  flaps  have  been  rai.sed,  the  soft  tissues  are  divided 
circularly  and  the  interosseous  membrane  is  cleanly  incised.  A  three-tailed  re- 
tractor is  now  applied  and  the  bones  are  sawn  across,  the  fibula  being  di^^ded 
about  half  an  inch  higher  than  the  tibia.  Periosteal  flaps  may  be  raised  with 
the  soft  parts  and  are  of  value. 

Tire  anterior  tiliial  artery  is  secured  in  front  of  the  til^ia  bet-\\'een  the  extensor 


AMPUTATIONS  AND   DISARTICULATIONS. 


339 


Fig.  184. — Transvcrsp 
Posterior  Cicatrix  in  the 
Stump  left  by  a  Teale's 
Amputation  of  tiie  Low- 
er Half  of  the  Leg. 
(Farabeuf.) 


digitorum  longus  and  the  extensor  halhicis  longiis.     The  i)Osterior  tibial  artery 

is  behind  the  inner  border  of  the  tiliia  at  the  outer  margin  of  the  flexor  digitoiuin 

longus.     The  peroneal  artery  hugs  the  inner  border  of  the 

fibula  in  the  substance  of  the  flexor  halhicis  longus.     The 

anterior  and  posterior  tibial  nerves  are  cleanly  divided  at 

the  highest  possible  level,  and  the  wound  is  united  antero- 

posteriorly  by  sutures.     A  small  drainage  tube  should  be 

inserted  at  either  angle  and  retained  for  twenty-fom-  hours. 
Amputations  in  the  Middle  Third  of  the  Leg. — The 

instruments  required  are  an  amputating  knife  with  a  five- 
inch  blade,  a  strong  scalpel,  an 
amputating  saw,  an  Esmarch's 
bandage,  a  three-tailed  retractor, 
a  perioster.l  elevator,  lurmostats, 
tlissecting  forceps,  scissors,  and 
needles. 

AMrrT.\TioN  nv  .\  Large  Pos- 
terior Flap  (Hey's  Operation). 
(Fig.  185.) — The  surgeon  stands  to  the  outer  side  of  the 
right  leg  or  the  inner  side  of  the  left,  as  the  case  may 
be.  The  patient's  knee  should  be  beyond  the  edge  of 
the  table.  Having  decided  upon  the  level  of  the  bone 
section,  the  surgeon  should  measure  the  circumference 
of  the  leg  at  this  point  and  should  .so  fashion  the 
posterior  flap  that  its  length  and  breadth  shall  be 
equal  to  one-half  of  this  measurement.  The  anterior 
flap  should  be  one-third  the  length  of  the  posterior 
one.  If  the  amputation  be  upon  the  right  side,  the 
limb  is  rotated  outward,  the  knee  flexed,  and  the  knife 
introduced  about  one  inch  below  the  proposed  bone 
section  and  just  behind  the  inner  l^order  of  the  tilna. 
The  incision  is  carried  vertically  downward  behind  this 
border  and  terminated  by  curving  outward  to  form  one 
side  of  the  U-shajJcd  flaj).  The  leg  is  now  rotated  in- 
ward and  the  external  limb  of  the  U  made  by  cutting 
from  aboA'c  d<l^vuwul■d  just  behind  the  percmei.  The 
posterior  cutaneous  incision  is  carried  well  through  the 
integument,  which  is  allowed  to  retract  freely.  The 
knee  is  now  flexed  and  turned  outward  and  the 
gastrocnemius  divided  transversely  in  the  line  of  tlic 

end  of  the  fla]).     Two  deep  vertical  incisions  are  next  made  in  the  line  of  the 

edges  of  the  f!a]i,  tlie  inner  one  extending  to  the  tibia,  and  the  outer  to  the  fibula 


Fig.  1 8.5.  —.4 ,  Modified  Cir- 
cular Suiirainalleolar  Ampvi- 
tation  {a,  saw-line  of  same) ; 
B,  Iley's  amputation  (6,  saw- 
line  of  same) ;  C,  circular 
amputation  at  "the  place  of 
election"  (c,  saw-line  of 
same);  D,  Ciritti's  operation. 
(From  Treves'  "Operative 
Surgery.") 
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Ijolund  (lie  iicrdiiei.  These  incisions  .ire  tlien  dee])enc(l  by  Munt  dissection  unlil 
tlie  tliunil)  and  I'orefinji'er  can  be  l)rouf!;li(  in  contact  bet^veen  the  deej)  muscu- 
lature and  the  bone,  when  the  posterior  flap  is  finisht'd, 
as  in  the  posterior-flap  operation  in  the  lower  third. 
Tile  soft  ]5arts  are  tlien  carefully  raised  from  the 
bones  unlil  the  li>\'('l  of  the  pi-oposcd  lionc  section  is 
reached. 

The  anterior  incision  is  next  made  through  the 
skin,  which  is  allowed  to  retract.  The  muscles  arc 
then  divided  down  to  tlie  bones  at  the  edges  of  the 
retracted  flap,  and  the  anterior  flap  is  dissected  up- 
ward until  the  site  of  the  future  saw-cut  is  exposed. 
The  interosseous  membrane  having  been  carefully 
divided,  a  three-tailed  retractor  is  applied  and  the 
bones  are  sa\ni.  The  fibula  should  be  divided  half 
an  inch  higher  than  the  tibia,  and  the  sharp  crest  of 
the  latter  bone  should  be  removed  either  by  the 
rongeur  alone  or  by  this  instiument  after  a  prelim- 
inary oblicjue  cut  has  been  maile  with  the  saw. 

The  anterior  tibial  artery  is  secured  in  the  an- 
terior flap  opposite  the  interosseous  space.  The 
posterior  tibial  and  peroneal  arteries  are  situated 
in  the  posterior  flap,  the  former  between  the  tilji- 
alis  posticus  and  the  flexor  longus  digitorum,  and 
the  latter  in  the  substance  of  the  flexor  proprius 
hallucis.  The  jiosterior  tiliial  ner^'e  should  be  dis- 
sected out  of  the  posterior  flaj)  and  divided  as  high 
up  as  possible. 

The  stump  resulting  from  this  operation  is  a  ser- 
viceable one  and  the  cicatrix  is  placed  anteriorly  well  out  of  the  pressui-e  area. 


Fig.  186. — A,  Disarticula- 
tion at  the  Knee  by  the  El- 
liptical Method  (Baudeii's 
operation);  B,  Henr>'  Lee's 
amputation  of  the  leg.  (From 
Treves'  "  Operative  Surgery.") 


Fig.  1S7. — Mode  of  Cutting  the  Flap  in  the  .imputation  at  tlie  "Place  of  Election"  (see  B.  Fig.  1S5) 
by  a  Large  External  Flap.      (After  Farabruf.  from  Treves*  "Operati\'e  Surgery.") 
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Lee's  A.mittatiox  hv  a  Large  Posterior  Flap.  (Fig.  186.) — Thi.soiH'iatioii 
i?  identical  Avith  Teale's  method,  except  that  the  iiostcrior  flap  is  the  longer  and 
includes  only  the  superficial  muscles  of  the  calf.  It  is  easier  of  execution  than 
Hey's  amputation  in  this  .situation,  but  re- 
quires a  liigher  division  of  the  Ixmes. 

Amputation  by  a  Long  External 
Flap.  —  The  width  of  the  external  flap 
should  equal  one-half  of  the  circumference 
of  the  leg  at  the  site  of  proposed  section 
of  tlie  liones,  and  its  length  should  be  equal 
to  one-third  of  this  measurement.  It  may 
contam  either  skin  alone  or  both  sldn  and 
muscle.  The  internal  flap  is  short  and  semi- 
lunar in  .shape.  The  bones  are  divided  just 
above  the  angle  of  the  junction  of  the  two 
flaps,  and  the  edges  of  the  bones  should  be 
bevelled  either  with  the  saw  or  with  the 
rongeur  forceps. 

The  resulting  stump  is  serviceable  and 
the  scar  well  placed  upon  the  inner  .side. 

The  Modified  ("ircular  Method. — 
For  the  reasons  previously  stated,  the  writers  prefer  this  method  here,  as 
in  the  lower  third  of  the  leg.  (Page  .338.)  It  is  carried  out  in  an  analo- 
gous manner. 

Amputation  in  the  Upper  Third  of  the  Leg. — The  usual  amputation  in 
this  region  is  done  at  the  so-called  "place  of  election,"  i.e.,  the  bones  are  divided 
a  hand's  breadth  below  tlie  knee  joint.  The  instruments  required  are:  an 
amputating  knife  with  a  six-inch  blade,  a  strong  scalpel,  an  amputating  saw, 


Fig.  188. — Appearance  of  the  Stump 
after  the  .imputation  of  the  Leg  at  the 
"Place  of  Election"  by  a  Large  External 
Flap.  (.\fter  Farabeuf,  from  Treves* 
"Operative   Surgery.") 


Fig.  ISO. — Methods  of  S.Tnnng  the  Bones  of  the  Leg.  (From  Troves'  "Operative  Surgery.") 
1,  Mcthotl  of  sawing  the  tiljiii,  tin-  saw  being  directeti  at  first  tlownward  and  outwaril,  in  the  direction  of 
the  line  -4,  and  afterward  trans\erscly  from  before  backward,  in  the  direction  of  the  line  B.  In  2  and 
3,  the  final  results  are  shown;  in  the  latter  figure  the  sawing  of  both  the  tibia  and  the  fibula  has  been 
slightly  different  from  that  shown  in  2. 
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a  poriosteiil  oleviitor,   an   Esmarch's  Ijanclagc,   retractors,   dissecting  forceps, 
lut'mostats,  scissors,  and  needles. 

Amputation  by  a  Large  External  Flap.  (Figs.  187-190.) — Thisinetliod, 
originally  devised  by  Sedillot  and  greatly  elaborated  by  Farabeuf,  lias  long 
been  popul.-ir.  In  opei'ating  upon  the  right  leg  the  surgeon 
stands  iqion  the  outer  side  of  the  limb  throughout  the  am- 
putation :  upon  the  left  leg,  he  takes  up  his  jjosition  at  the 
foot  and  slightly  to  the  outer  side  while  outlining  the 
flap,  but  stands  at  the  inner  side  during  the  subsequent 
steps.  The  length  of  the  external  U-shaped  flap  should 
be  one-third  the  circumference  of  the  limb  at  tlie  level 
of  the  proposed  bone  section. 

The  knee  having  been  flexed  and  tlie  leg  turned  so 
that  its  outer  aspect  is  well  exposed,  the  knife  is  intro- 
duced at  the  level  of  the  future  saw-cut  and  the  anterior 
limb  of  the  U  is  made  by  carrying  the  incision  downward 
parallel  with,  and  to  the  inner  side  of,  the  crest  of  the  til)ia. 
The  posterior  limb  of  the  U  is  placed  upon  the  back  of 
the  calf  exactly  opposite  the  anterior  one,  Init  it  termi- 
nates about  an  inch  and  a  half  below  the  level  of  the  pro- 
posed saw-cut.  The  leg  is  now  turned  upon  its  outer 
side  and  an  incision  is  carried  transversely  from  the  up- 
per extremity  of  the  posterior  limlj  of  the  U  to  the  anterior  liml),  wliich  it 
should  join  about  an  inch  and  a  half  below  the  commencement  of  the  latter. 


Fig.  190.— Stump  Re- 
Kulting  from  Amputa- 
tion 'of  the  Leg  at  the 
"Place  of  Election"  by 
a  Large  External  Flap. 
(.\fter  Furabeuf,  from 
Treves'  ' '  Operative  Sur- 
gery.") 


Fig.  191. — Amputation  of  the  Leg  by  (modified  circular)  Lateral  Flaps.  (After  Farabeuf,  from 
Jacobson  and  Steward:  "Operations  of  Surgery.")  a,  Position  of  the  knife  in  the  hand  of  the  surgeon 
at  the  beginning  of  the  incision;   a',  its  position  when  the  incision  is  completed. 


The  leg  having  again  been  rotated  inward,  the  external  flap  is  dissected  up, 
the  dissection  commencing  at  the  anterior  limb  of  the  U.  The  soft  parts 
should  all  be  in  the  flap,  but  they  are  divided  oliliquely  below  so  as  to  ren- 
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der  tliis  edge  of  the  flap  much  thinner.  Great  care  should  be  exercised  not 
to  carry  the  dissection  too  high,  since  the  anterior  tibial  arter}'  might  inadver- 
tently be  divided  at  the  point  where  it  jjierces  the  interosseous  membrane. 
The  nutrition  of  the  flap  is  derived  almost  entirely  from  this  yessel. 

The  small  internal  flap  is  next  raised  and  the  bones  are  cleared;  then  a 
three-tailed  retractor  is  api^lied,  and  tlie  bones  are  divided.  The  fibula  should  be 
sa^^^l  across  half  an  inch  higher  than  the  tibia,  and  it 
has  been  advised  to  bevel  both  bones  laterally.  The 
periosteum  may  be  previously  stripped  uj)  with  the 
soft  parts  to  form  flaps  which  are  sub.scquently  applied 
to  the  ends  of  the  divided  l)ones. 

The  anterior  tibial  artery  is  secured  at  the  margin 
of  the  external  flap,  while  the  posterior  tibial  and  \)e- 
roneal  vessels  will  be  found  at  about  the  same  depth 
in  the  tissues  of  the  internal  flap.  The  resulting  stump 
is  most  useful,  the  scar  being  situated  upon  the  inner 
side  and  well  out  of  the  pressure  area.  The  movements 
of  the  knee  are  retained. 

Amputation  by  the  Modified  Circul.\r  Method. 
(Figs.  191  and  192.) — While  the  circular  method  may 
be  employed  in  the  upper  third  of  the  leg,  the  modified 
circular  method  will  be  found  more  satisfactory.  Two 
equal  lateral  tegumentary  flaps  are  dissected  up  and  the 
soft  parts  are  divided  transversely.  The  bones  are  sawn 
in  the  customary  manner. 

The  lengths  of  both  flaps  should  slightly  exceed  one- 
c[uarter  of  the  circumference  of  the  leg  at  the  site  of 
the  proposed  bone  section.  The  bases  of  the  flails 
should  be  three-quarters  of  an  inch  above  the  futin-e 
saw-cut.  The  two  semilunar  incisions  commence  an- 
teriorly, just  to  the  outer  side  of  the  tibial  crest,  and 
meet  posteriorly  at  a  point  diametrically  opposite. 

Tlie  stump  is  a  serviceable  one  and,  although  the 
scar  is  terminal,  the  -wi-iters  prefer  this  method  here  as  m  other  regions  of 
the  leg. 

Amputation  at  the  Knee  Joint. — Surgical  Anatoiiy.— The  knee  joint 
is  formed  by  the  condyles  of  the  femur,  the  tuberosities  of  the  tibia,  and  the 
patella.  The  interarticular  Ime  is  somewhat  below  the  crease  that  passes 
transversely  across  the  popliteal  space,  and  at  about  the  level  of  the  lower  border 
of  the  patella  when  the  joint  is  extended.  The  internal  condyle  is  more  promi- 
nent than  the  external — an  important  point  to  remember  in  shaping  lateral 
flaps.     The  external  semilunar  cartilage  is  smaller  and  more  movable  than  the 


Fig.  192. — Amputation  of 
the  Leg  by  (modified  circu- 
lar) Lateral  Flaps.  The 
muscles  are  being  severed 
with  circular  sweeps  of  the 
knife.  (From  Jacobson  and 
Steward:  "Operations  of 
Surgery.") 
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internal  (inc.  Tlu-  tulx'rcle  of  the  tibia  and  the  licad  of  flic  fibnla  arc  situated 
in  the  same  liorizontal  plane.  The  syno\-iai  meinhranc  c.xtend.s  u|nvard  above 
the  patella/ for  about  two  inches.     The  skin  over  the  front  of  the  joint  is  dense, 

fi-cely  movable,  anil  \\cll  nourished.  The  sites  of  the 
articular  branches  should  be  noted  in  order  that  the 
main  vessel  shall  he  not  ligatured  too  near  them,  for 
apparent  reasons.  Care  should  also  be  taken  to  pi'e- 
vent  the  collection  of  fluid  of  any  kind  in  the  upper 
synovial  poucli.  Pressure  and  drainage  are  the  expe- 
dients available  under  these  circumstances. 

DlSARTICn.ATIOX     BY      L.VTEHAL      FlAPS      (StEPHEX 

Smith).  (Figs.  193,  194,  and  195.)— The  flap  consists  of 
skin  only,  the  posterior  muscles  being  divided  transverse- 
ly at  the  level  of  the  interarticular  line.  The  instruments 
required  are :  an  amputating  knife  with  a  six-inch  blade, 
a  strong  scalpel,  lurmostats,  an  Esmarch's  bandage, 
tlissecting  forceps,  retractors,  scissors,  and  needles. 

The  patient  should  be  in  the  dorsal  position  with 
the  middle  of  the  thigh  at  the  lower  margin  of  the 
table.  The  operator  stands  at  the  outer  side  of  the 
right  leg  or  at  the  inner  side  of  the  left.  The  knee  is 
extended,  the  knife  introduced  anteriorly  in  the  median 
line  one  inch  below  the  tubercle  of  the  tibia,  and  the 
incision  carried  in  a  sweeping  curve]  outward  across 
the  most  prominent  portion  of  the  calf.  After  reaching  the  middle  line  pos- 
teriorly it  passes  vertically  upward  to  terminate  at  the  level  of  the  interarticu- 
lar line.  The  inner  Hap  is  fashioned  in  a  similar  manner,  liut  should  be  somewhat 
longer  to  provide  sufficient  covering  for  the  prom- 
inent internal  condyle.  The  two  flaps  are  dissected 
up  to  the  level  of  the  joint,  the  ligamentum  patelke 
having  been  divided  against  the  tuberosjity  of  the 
tibia. 

A  transverse  incision  is  next  made  along  the 
upper  margin  of  the  tibia;  it  divides  the  ilio-tibial 
band,  the  tendons  of  the  biceps,  sartorius,  gracilis, 
and  semitendinosus,  the  internal  and  external  lateral 
ligaments,  and  the  coronary  ligaments.  In  dividing 
the  latter  structures  the  surgeon  should  introduce 
the  knife  from  the  side  of  the  articulation.  After  the 
knee  has  been  flexed,  the  crucial  ligaments  are  carefulh"  severed.  The  flaps 
having  now  been  retracted  by  an  assistant,  the  disarticulation  is  completed 
by  a  transver.se  cut  that  divides  the  posterior  ligament,  the  popliteal  vessels 


Fig.  193. — Amputations 
at  the  Knee  Joint.  (From 
Treves'  "Operative  Sur- 
gery.") A ,  Steplien  Smith'.s 
tlisarticulation  at  the  knee ; 
B,  amputation  of  the  thigli 
by  lateral  flaps. 


Fig.  194. — Stump  after  Am- 
putation by  Lateral  Flaps,  and 
Before  the  Sutures  liave  been 
Applied.     (After  Stephen  Smith.) 
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and  nervoR,  the  popliteus  and  gastrocnemius  nuiscles,  and  the  tendon  of  the 
seniiinenil)rano.sus. 

The  popliteal  artery  and  vein  are  secured  just  behind  the  condyle.  Other 
vessels  which  may  demand  attention  are  the  sural  arteries,  the  superior  and 
azygos  articular  arteries,  and  the  superficial  branch  of  the  anastomotica  magna 
(in  the  internal  flap).  The  semilunar  cartilages  should 
not  be  removed,  since  they  prevent  retraction  of  the  soft 
parts  and  oliviate  any  imdue  protrusion  of  the  condyles. 

This  is  undcin]>tedly  the  most  satisfactory  method  of 
disarticulating  in  this  location.  The  wound  furnishes  ex- 
cellent drainage,  and  the  stump  is  most  serviceable,  be- 
cause of  its  broad  bearing  and  the  location  of  the  cicatrix 
in  the  intercondyloid  notch. 

DlS.\RTIClLATIO.\    BY    THE    ElLIPTIC.\L    MeTHOD   (B.\U- 

den's  Operation").    (Fig.  186.) — The  instruments  required 

and  the  position  of  the  patient  and  surgeon  are  the  .same         Fig.  195.— The  Stump 

,1  ,.  ,.  TT       •  1    i.  •        1    i.i_  after    Stephen     Smith's 

as  m  the  precedmg  oi^ei'ation.  Having  deternuned  the  ^^puj^tion  at  the 
antero-posterior  diameter  at  the  level  of  the  interarticu-  Knee  Joint.  (After  Bry- 
lar  line  the  surgeon  should  make  the  elliptical  incision  in     «"*•  f™™  Treves-  "Op- 

erative  Surgery.    ) 

such  a  manner  that  its  lower  and  anterior  portion  shall  cross 
the  tibial  crest  at  a  distance  below  the  interarticular  line  ecjual  to  the  previously 
measured  diameter.  The  higher  and  posterior  portion  of  the  ellipse  crosses  the 
posterior  median  line  a  half  diameter  below  the  same  level.  The  skin  upon  the 
anterior  aspect  of  the  knee  is  now  dis.sected  up  as  far  as  the  patella,  and  that 
upon  the  posterior  surface  is  retracted  to  the  interarticular  line.  The  knee  having 
been  flexed,  the  ligamentum  patellae  is  divided,  the  knife  is  inserted  between  the 
semilunar  cartilages  and  the  head  of  the  tibia,  and  the  di.sarticulation  is  com- 
pleted. No  attempt  should  be  made  to  dissect  the  patella  from  the  anterior 
flap  since  this  procedure  greatly  endangers  the  future  welfare  of  the  integument. 
The  semilunar  cartilages  ar?  also  retained,  for  the  reason  gi\'en  in  the  preceding 
description. 

The  resulting  stump  is  a  serviceable  one,  the  cicatrix  being  upon  the  posterior 
aspect  and  well  out  of  the  pressure  area. 

DlSARTICUL.\TION    BY   A    LoNG    ANTERIOR    Fl.AP    (PoLLOCK's    OpEK.VTION). — 

This  method  is  not  nearly  so  satisfactory  as  the  two  preceding  ones.  The  con- 
dyles are  not  so  well  covered  and  the  anterior  flap  is  so  long  that  it  is  very  apt 
to  slough. 

Amput.vtiox  of  the  Thigh  Immediately  .\b()Ve  the  Knee  Joint  (Garden's 
Oper.vtion).  (Fig.  179.) — The  instruments  I'cquired  are:  an  amputating  knife 
with  a  six-inch  blade,  a  strong  scalpel,  Butcher's  saw,  an  Esmarch's  bandage, 
retractors,  ha>mostats,  dissecting  forceps,  lion-jaw  forceps,  scissors,  and  needles. 

Th(>  patient  and  the  operator  should  be  in  the  same  relative  positions  as  in 
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disartieulatioii  at  the  knee  jdinl.  The  kn(>e  is  slightly  flexed  and  (he  thumb 
and  forefinger  of  the  left  hand  are  plaeed  U]X)n  the  most  prominent  part  of 
eaeli  condyle.  The  anterior  incision  traveisos  the  integument  between  these 
points  in  a  gentle  curve  the  convexity  of  \vlnch  crosses  tlie  anterior  median  line 
about  two  inches  below  tlie  patelhi.  'i'lie  [josterior  incision  is  [jractically  trans- 
verse. Tlic  hnib  is  now  extended  and  tlie  anterior  fhip  dissected  U|):  it  should 
contain  the  capsular  ligament  and  all  of  the  soft  tissues  down  tcj  the  patella. 
After  the  anterior  flap  has  been  liberated  the  tissues  upon  the  posterior  aspect  of 
the  thigh  maybe  retracted  above  the  level  of  the  proposed  saw-cut.  The  knee  is 
Hexed,  the  joint  is  opened  above  the  jjatella  tlii'nugli  the  (juadriceps  tendon,  and 
the  leg  is  disarticulated.  With  the  soft  parts  well  retracted  the  condyles  are  sawn 
across,  the  saw  being  held  jmrallel  to  the  articular  surface  and  perpendicular  to  the 
femur.  In  patients  undei-  eighteen  the  saw  shoukl  lie  applied  below  the  level 
of  the  adductor  tubercle  .so  that  the  epiphy.seal  line  shall  not  be  disturbed. 

The  popliteal  artery  will  be  found  close  to  the  inner  side  of  the  IxHie.  The 
popliteal  vein  is  behind  and  to  the  outer  side  of  tlie  artery.  The  two  superior 
articular  arteries  are  divided  close  to  the  bone.  The  anastomotica  magna 
is  upon  the  inner  side ,  and  the  descending  branches  of  this  artery  and  the  branches 
of  the  descending  jiortion  of  the  external  circumflex  are  located  in  the  margin 
of  the  anterior  flap. 

Lister'.s  Modification  of  Carden's  Oper.\tion.  (Fig.  179.) — This  consists  of 
making  an  anterior  flap  by  a  transverse  incision  across  the  front  of  the  leg  at  the 
level  of  the  tubercle  of  the  til^ia.  There  is  also  made  a  short  posterior  flap  the 
edges  of  which  are  at  an  angle  of  forty-five  degrees  to  the  long  axis  of  the  leg. 
The  posterior  flap  is  disisected  up,  the  hamstrings  are  divided,  and  the  tissues 
upon  the  anterior  aspect  are  raised  until  the  upper  l)order  of  the  patella  is  ex- 
posed. The  in.sertion  of  the  quadriceps  tendon  is  next  divided  and  the  bone  is 
cleared  immediately  above  the  articular  cartilage.  The  limb  is  finally  removed 
by  sawng  through  the  fenun-,  the  saw  being  applied  vertically  and  at  right 
angles  to  the  axis  of  the  limb. 

Farabeuf's  Modific.vtion  of  Carden's  Oper.ation. — This  is  almost  a  new 
procedure,  although  the  bone  is  divided  at  the  same  level.  An  anterior  U- 
shaped  flap  is  fashioned,  the  length  of  which  exceeds  the  antero-posterior  diam- 
eter of  the  limb  at  the  future  saw  line  by  about  an  inch.  The  base  of  this  flap 
is  just  below  the  joint  line;  the  outer  edge  is  over  the  fibula, and  the  inner  one 
is  about  two  inches  behind  the  internal  margin  of  the  tibia.  A  posterior  flap, 
one-half  the  length  of  the  anterior  one,  is  next  cut.  The  remaining  steps  of  the 
operation  are  identical  with  those  of  Carden's  amputation. 

Either  of  these  modifications  gives  a  better  stump  than  Carden's  method, 
the  cicatrix  being  well  placed  upon  the  posterior  aspect  of  the  limb. 

Gritti's  Transcondyloid  Amput.vtion.  (Fig.  185.) — In  this  operation  the 
cartilaginous  surface  of  the  patella  is  removed,  and  the  remainder  of  the  bone 
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is  brought  in  contact  with  a  section  ot"  the  femur  made  at  about  the  level  of 
the  adductor  tubercle.  It  holds  the  same  relation  to  Carden'.s  operation  as 
does  a  Pirogoff  to  a  Syme's. 

.\n  anterior  rectangular  flap  is  fashioned,  the  base  of  which  extends  be- 
tween the  most  [irominent  portions  of  tiie  condyles,  while  its  end  reaches  to 
the  tibial  tubercle.  The  skin  upon  the  posterior  aspect  of  the  Hml:)  is  divided 
by  a  transverse  or  slightly  curved  incision  which  connects  the  ends  of  the  an- 
terior one.  The  ligamentum  patelke  is  divided  at  its  insertion  and  the  anterior 
Hai)  is  dissected  up..  The  section  of  the  condyles  is  made  in  the  usual  manner. 
The  assistant  now  holds  the  anterior  flap  with  both  hands  in  such  a  manner  that 
the  patella  projects,  and  a  second  assistant  steadies  it  with  a  lion-jaw  forceps 
while  the  first  saw-cuts  are  made.  Dming  the  sawing  the  surgeon  aiils  in  the 
fixation  of  the  patella  b}'  hcilding  the  ligamentum  patelUv  in  a  strong  pair  of 
forceps  in  the  left  hand.  A  much  safer  way  of  removing  the  articular  surface 
of  the  patella  is  by  means  of  the  rongeur  forceps. 

There  are  manj-  objections  to  this  operation.  There  is  cjuite  a  difference  in 
the  areas  of  the  apposed  bone  sections,  and  it  is  almost  impossible  to  keep  the 
patella  in  close  contact  with  the  sa^\^l  surface  of  the  femin-,  owing  to  the  facts 
that  the  latter  bone  is  divided  so  low  and  that  the  t^uadriceps  pulls  the  patella 
upwaril.  Sabanajew  sought  to  overcome  these  objections  by  forming  a  bone 
flap  from  the  upper  and  anterior  aspect  of  the  tibia,  including  the  insertion  of  the 
patellar  ligament,  and  bringing  this  flap  iir  contact  with  the  sawir  surface 
of  the  condyles.  A  much  better  operation  is  the  one  which  we  shall  next 
describe. 

Stokes'  Supr.vcondyloii)  AMi'tT.vTiox. — In  this  operation  the  femur  is 
sawn  from  half  to  three-quarters  of  an  inch  above  the  condyles.  This  sawn  sur- 
face corresponds  more  accuratel}'  \\'ith  that  of  the  patella  than  does  the  bone 
section  hi  Gritti's  method.  The  medullary  canal  is  not  opened  up  by  the  saw. 
Owing  to  the  higher  division  of  the  femur  the  cjuadriceps  is  relaxed  and  shows  but 
little  tendency  to  pull  the  patella  upward. 

An  anterior  oval  flap  is  made  by  incisions  which  start  from  two  points, 
situated  one  inch  above  each  cond\le,  and  which  extend  to  just  below  the  tibial 
tubercle.  A  posterior  flap,  one-third  of  the  length  of  the  anterior  one,  is  also 
fa.shioned  by  cutting  from  without  inwaril. 

In  concluding  the  operation  the  surgeon  may  suture  the  soft  parts  above 
the  patella  to  the  posteiior  flap,  and  he  may  cause  the  l)ones  to  be  held  together 
by  the  ('m])loym('nt  of  catgut  sutures. 

Amputation  of  the  Thigh. — There  are  several  methods  of  performing  an  am- 
putation of  the  thigh.  We  shall  describe  here  briefly  some  of  the  more  im- 
portant ones. 

The  Circul.\r  Ampitatiox.  (Tigs.  196  and  197.) — The  instruments  required 
are  an  amputating  knife  with  an  eiglit-inrh  lilade  for  the  circular  method,  an 
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amputating  knilV  witli  a  (en-inrli  lihulc  if  tiaiislixion  is  lo  I)e  ciiiiildycd,  a 
stout  scalpel  with  a  four-inch  blade,  an  Esniarch's  bandage,  a  large  amputating 
saw,  a  small  Butcher's  saw,  haniiostats,  dissecting  forceps.  I'ctractors,  scissors, 
and  needles. 

This  method  is  applicable  only  to  the  lower  third,  and,  owing  to  the  greater 
retraction  of  the  muscles  ujion  the  posterior  and  inner  aspect  of  the  tliigh,  the 

incision  must  be  obliquely  placed.     Upon 
^.s^-^ the  i)osterior  and  inner  aspect  of  this  part 

i1l     -'{^5^  "■'^  ^^^  ^'"''^  ^^^  distance  between  the  cuta- 

i'~    ^  *  iw        M       I  neons  incision  und  the  site  of  the  proposed 

..     •''Wi  /  division  of  the  bone  sliould  Ije  equal   to 

Ji-isLi^P  /  about  one-third   of  the   circumference   of 

^—^ — ^^'I'^Ta^^^..,^   /  the  thigh  at  the  latter  level.     The  similar 

Mi\''isy^^  \  distance  upon   the  anterior  and  external 

'^  m-r  '^  \  aspect  of  the  thigh  should  i>e  eijual  to  one- 

fourth  of  the  same  circumference.     When 
the  skin  is  retracted  great  care  should  be 
I        exercised  to  pre.serve  the  original  obliquity 
\  I  of   the   incision.     No   attempt   .should   be 

B — I- -«    R  made  to  turn   l)ack   a  "cuff,"   as  such  a 

/IV\'\        I  in'ocedure  is  usually    impo.ssible   and   al- 

ways  endangers   the   future   nutrition   of 
"     '         '  the  integument.     After  the  skin  has  been 

well  retracted  the  postero-inferior  muscle 
\/ I  groups  are   severed   by   a  vigorous  sweep 

S?*»;--*''^)r\l  of  f^^^  knife  and  allowed  to  retract.     The 

remaining  nni.scles  are  now  divided  at  the 
'"'£^?'.\  /  level   of    the    retracted  ones,  the  plane  of 

division  being  oblique,  to  correspond  with 
the    cutaneous   incision.     After  the  bone 
Fig.  196.— -A,  Circular  .imputation  of  the     has  bccu  cleared,  a  two-tailcd  retractor  is 
Tiiigh  (a,  saw-line  of  same) ;  B,  amputation     applied   and   the  fcuuir  divided  with   the 

of  thigh  by  equal  antero-posterior  flaps  (b, 

saw-line  of  same) ;  C,  disarticulation  at  the       SaW.       The     projecting    liuca  aspera  should 

hip  by  an  external  racquet  incision.  (From  1,^  garefullv  rOUuded  off  with  a  I-QUgeUr 
Treves   "  Operative  Surgery.    )  -  ° 

forceps.  Some  operators  consider  it  wiser 
to  sever  the  muscles  singly,  especially  the  j)osterior  groujj,  thus  i)ermitting  each 
to  retract  in  accordance  with  its  individual  characteristics. 

The  femoral  (or  the  popliteal)  artery  and  the  descending  branch  of  the  ex- 
ternal circumflex  artery  are  hgated,  together  with  anj'  other  branches  that  may 
demand  attention. 

This  and  the  following  method  are  the  ones  to  he  adopted  when  there  is 
not  sufficient  tissue  to  form  a  long  anterior  flap,  the  chief  advantages  being  the 
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comparativelj'  small  size  of  the  wound,  the  smallest  possible  section  of  the 
muscles,  and  the  clean  division  of  the  main  vessels. 

Syiie's  Modification  of  the  Circular  Amput.vtion. — In  this  procedure 
two  lateral  vertical  releasing  incisions  are  made  which  greatly  aid  in  the  ele^a- 
tion  of  the  skin.  The  flaps,  for  a  distance  of  two  inches  above  their  bases,  are 
dissected  u\),  the  exposed  muscles  are  divided  in  front  at  their  highest  and 
behind  at  their  lowest  level,  a  two-tailed  retractor  is  applied,  and  the  bone  is 
sa\Aii  two  inches  abo\-e  the  level  of  the  divi.sion  of  the  anterior  muscles.  This  is 
the  method  we  have  usually  selected  whenever  it  could  Ije  employed. 

The  A.MPrT.\Tio\  by  Equ.\l  L.\ter.\l  Fl.vps.  (Ver.\i.\le.) — The  length  of 
each  U-shaped  flap  should  l^e  equal  to  the  diameter  of  the  limb  at  the  le\-el  of 
the  bone  section.  The  flaps  are  both  cut  by  transfixion,  the  knife  being  inserted 
just  below  the  level  of  the  j^roposed  saw-cut.     Both  flaps  are  forcibly  retracted 


Fig.  107. — Circvilar  .Amputation  of  the  Thigli.     To  show  the  greater  retraetioa  of  the  muscles 
behind.      (From  Jacobson  and  Steward:    "Operations  of  Surgery."} 

and  an  inci.sion  is  made  around  the  femur  at  least  an  incli  higher  than  the  site 
of  transfixion.  The  chief  objections  to  this  method  are  those  inseparable  from 
transfi.xion,  viz.,  the  tendency  to  unequal  retraction  of  the  Haps  and  to  forward 
projection  of  the  femur. 

The  Amput.vtion  by  Equ.al  Antero-Posterior  Fl.aps.  (Fig.  196.) — The 
base  of  each  U-shapcd  flap  is  equal  to  one-half  the  circumference  of  the  limb. 
The  posterioi-  flap  should  be  cut  somewhat  longer  than  the  anterior  one,  to  allow 
for  retraction.  The  general  rule  is  to  make  the  posterior  flap  equal  in  length 
to  the  diameter  of  the  thigh  at  the  level  of  the  proposed  bone  section,  while 
the  length  of  the  anterior  flap  should  be  about  three-fourths  of  this  diameter. 
If  this  method  be  employed  the  flap  should  be  cut  from  without  mward,  and 
not  l)y  transfi.xion,  as  was  formerly  the  practice. 

Amputation  by  the  Long  Anterior  and  Short  Posterior  Flaps.  (Far.\- 
BEUF.)  (Fig.  198.) — Both  flaps  are  U-shaped.  The  base  of  the  anterior  flap  exceeds 
one-half  the  circumference  of  the  thigh,  and  its  length  should  be  equal  to  one  and 
one-half  diameters  of  the  extremity  at  the  le^•el  of  the  proposed  bone  section.  The 
length  of  the  posterior  flap  is  equal  to  one-half  of  the  same  diameter.  In  cutting 
these  flaps  the  surgeon  should  carry  the  first  incisions  through  the  integument 
alone.     The  soft  parts  in  the  anterior  flap  are  then  held  in  the  left  hand  and 
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tlic  contained  imisolos  arc  divided  i)l)li(iii('iy  froin  wiliiout  inward  until  (lie  bone 
is  exposed,  'i'lie  posterior  flap  is  fashioned  in  a  similar  manner,  although,  if 
the  thigh  be  very  muscular,  transfixion  may  be  eni])]oyed.  Both  flaps  arc  thin- 
nest at  their  extremities,  but  their  bases  include  all  of  the  muscles  down  to  the 
l)one.  A  two-tailed  I'cti'actoi'  is  applied  and  the  bone  divided  in  the  usual 
manner.     If  the  amputation  be  ]ierformed  above  the  middle  of  the  thigh  the 

femoral  and  tlie  profunda  arteries  will  both  be 
found  in  the  anterior  flaj).  If  the  am])utation  be 
made  below  tli(>  middle  of  the  thigh  tlie  iuiterior 
fla])  should  l)e  placed  slightly  toward  the  outer 
side,  to  avoid  splitting  the  femoral  artery,  \^^len 
the  amputation  is  exactly  in  the  middle  of  the 
thigh  and  the  anterior  flap  is  antero-external,  the 
femoral  artery  is  divided  in  the  posterior  flap. 
The  descending  branch  of  the  external  circumflex 
is  always  found  in  the  anterior  flap.  In  the  lower 
third  of  the  thigh  the  anastomotica  magna  will  be 
found  at  the  inner  side  of  the  jjosterior  flap. 

Disarticulation  at  the  Hip  Joint. — Surgical 
Anatomy. — The  hip  joint  is  formed  by  the  ace- 
tabulum and  the  head  of  the  femur.  The  thick- 
est portion  of  the  capsular  ligament  is  in  front 
and  is  known  as  the  ilio-femoral  ligament.  The 
following  muscles  are  in  relation  with  the  joint: 
anteriorly,  the  psoas  and  iliacus;  superiorly,  the 
leflected  head  of  the  rectus  and  the  gluteus  min- 
imus: internally,  the  obturator  externus  and  the 
pectineus:  posteriorly,  the  pyriformis,  the  obtura- 
tor internus  with  the  gemelli,  the  obturator  ex- 
ternus, and  the  quadratus  femoris. 

The  largest  bursse  about  the  joint  are  those 
behind  the  trochanter  anil  the  gluteus  maximus, 
and  between  the  latter  muscle  and  the  vastus  ex- 
ternus. The  pubic  spine  and  the  great  trochanter 
are  at  about  the  same  level,  and  the  tip  of  the  latter  is  opjjosite  to  the  centre  of 
the  hip  joint.  The  gluteo-femoral  crease  does  not  correspond  with  the  lower 
margin  of  the  gluteus  maximus,  but  is  situated  at  a  higher  level. 

The  common  femoral  artery  lies  upon  the  jisoas,  which  separates  it  from  the 
capsular  ligament  of  the  hip  joint.  The  iirofunda  femoris  arises  an  inch  and  a 
half  below  Poupart's  ligament,  while  the  two  circumflex  arteries  arise  half  an 
inch  below.  The  internal  circumflex  artery  pas.ses  backward  to  the  le\-el  of 
the  lesser  trochanter. 


Fig.  198. — A,  Amputation  of 
the  Thigh  by  Long  Anterior  ami 
Short  Posterior  Flaps;  B,  Disar- 
ticulation at  the  hip  by  antero- 
posterior flaps.  (From  Treves' 
"Operative  Surgery.") 
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It  is  of  the  greatest  importance  to  guard,  so  far  as  is  possible,  against  shock. 
This  is  to  be  done  by  having  the  temperature  of  the  operating-room  raised,  and 
the  trunk  and  hmbs  swathed  in  wool  or  cotton.  A  hypodermatic  injection  of 
morphia  and  atropine  should  be  given  one  hour  preceding  the  operation.  Every- 
thing should  be  in  readiness  for  enteroclysis  and  hypodermoclysis — the  former 
to  be  used  in  every  case,  the  latter  to  supplement  it  if  .shock  be  profound.  (See 
article  on  Surgical  Shock,  in  \'ol.  I.) 

Particularly  must  every  precautionary  ineasiu'c  Ije  taken  if  the  operation  is 
made  necessary  by  traumatism,  for  in  such  cases  the  mortality  is  excessive, 
and  the  shock  of  the  operation,  adiled  to  that  already  existing  from  the  injury 
received,  will  generally  cause  this  to  be  the  most  fatal  operation  in  surgery. 
In  operations  for  the  cure  of  disease  the  conditions  are  quite  different. 

Methods  of  Controlling  Hemorrhage. — Many  tourniquets  have  been  devised  for 
making  pressure  upon  the  abdominal  aorta.  In  the  absence  of  a  special  instru- 
ment a  firm  pad,  such  as  a  pin-cushion,  has  been  placed  over  the  aorta  at  the 
level  of  the  iUac  crest  and  held  in  jiosition  by  elastic  bands  which  do  not  en- 
circle the  waist,  but  are  connected  with  the  ends  of  a  rigid  object  placed  trans- 
versely beneath  the  back  and  extending  laterally  beyond  the  body.  Such 
methods,  however,  are  dangerous,  since  they  may  cut  off  some  of  the  circulation 
of  the  intestine,  cause  gangrene  of  the  tissues,  and  produce  sudden  engorge- 
ment of  the  viscera.  They  also  may  fail  to  accomplish  the  desired  purpose 
by  reason  of  the  fact  that  tlie  compressing  appliance  is  easily  disturbed 
and  consequently  fails  to  arrest  the  circulation  in  the  lower  aorta.  One  grave 
objection  is  that  they  do  not  control  venous  bleeding  at  all.  If  pressure  is  to 
be  made  upon  the  aorta,  Macewen's  method  may  be  employed.  In  this  method 
an  assistant  places  his  right  fist  slightly  to  the  left  of  the  umbilicus  and  makes 
the  necessary  pressure. 

A  valuable  and  accurate  method  of  com]3ression  is  that  suggested  by  Mc- 
Burney,  who  makes  his  "giidiron"  incision  for  appendicitis  and  then  has  an  as- 
sistant introduce  his  fingei'  into  the  abdomen  and  compress  the  common  ihac 
artery  against  the  inner  l)order  of  the  psoas  muscle. 

Lloyd's  method  of  clastic  constriction  is  admirable  and  is  applied  as  follows: 
After  the  extremity  has  been  drained  of  its  blood  by  elevation,  "a  strip  of  black 
India-rubber  Ijandage,  two  yards  long,  is  to  be  doubled  and  passed  between  the 
thighs,  its  centre  lying  between  the  tulier  ischii  of  the  side  to  be  operated  upon 
and  the  anus.  A  common  calico  thigh  roller  should  next  be  laid  lengthwise  over 
the  external  iliac  artery.  The  ends  of  the  rubber  l^andage  are  now  to  be  firmly 
and  steadily  drawn  in  a  direction  U]3ward  and  outward,  one  in  front  and  one 
behind,  to  a  point  above  tlie  centre  of  the  iliac  crest  of  the  same  side.  They 
must  be  pulled  tighth^  enough  to  clieck  jiulsation  in  the  femoral  artery.  The 
front  part  of  the  band,  pa.ssing  across  the  compress,  occludes  the  external  iliac 
artery  and  runs  parallel  to  and  a  little  above  Poupart's  ligament.      The  back 
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half  of  tlic  l)aii(l  luns  across  the  great  sacro-sciatic  notch,  and,  by  compressing 
the  vessels,  picvents  bleeding  from  the  branches  of  the  internal  iliac  artery  Mhich 
pass  through  this  notch.  The  ends  of  tlie  elastic  band  can  be  held  by  the  hands 
of  an  assistant,  or  bandages  may  be  attached  to  its  extremities  and  passed 
across  Ihc  opposite  shoulder  and  tied:  care  being  taken  to  prevent  the  coin- 
pression  rollers  from  slip]jing." 

Trendelenburg  transfixed  the  soft  parts  in  front  of  the  joint  with  a  steel  rod 
and  then  compressed  the  tissues  against  it  by  winding  an  elastic  tube  about 
its  ends,  the  figure-of-S  turns  passing  in  front  of  the  thigh.  The  rod  was 
about  fifteen  inches  long  and  was  provided  with  a  separable  lance-shaped  point 

r  "  1 

f 


Fig.  199. — Method  of  Hceniostasis  as  Applied  to  an  Amputation  at  the  Hip  Joint.  First  stage. 
Pins  and  rubber-tube  touriiiciuet  are  in  position.  Tlie  Esniarcli  bandage  lias  been  removed.  (From 
"Practice  of  Surgery,"  by  John  A.  Wyeth,  M.D.,  LL.D.,  New  York,  1908;  by  permission.) 

two  inches  in  length.  The  shaft  of  the  rod  was  biconvex  upon  cross-section, 
one-quarter  of  an  inch  in  width  and  a  twelfth  of  an  inch  in  thickness  at  its 
centre. 

Wyeth's  Bloodless  Method.— (Figs.  199,  200,  201,  and  202.)— This  is  the 
most  valuable  improvement  made  in  recent  years  in  the  prevention  of  hemorrhage 
in  this  operation.  It  is  almost  universally  adopted  in  America  at  the  present 
time.  Affording,  as  it  does,  such  absolute  security  from  hemorrhage  it  is  diffi- 
cult to  conceive  of  any  condition  where  other  methods  should  be  preferred. 
Two  steel  mattress-needles  are  employed  as  jiins :  they  should  be  a  foot  long  and 
thi'ee-sixteenths  of  an  inch  in  diameter.  After  the  extremity  has  been  drained  of 
blood,  either  by  an  Esmarch  bandage  or  by  elevation,  the  first  pin  is  inserted  an 


AMPUTATIONS  AND  DISARTICULATIONS. 


353 


inch  and  a  half  below  and  slightly  to  the  inner  side  of  the  anterior  superior  spine 
of  the  ilium  and  made  to  traverse  the  muscles  midway  between  the  greater  tro- 
chanter and  the  iliac  spine,  and  to  emerge  just  behind  the  trochanter.  The 
second  pin  is  inserted  to  the  inner  side  of  the  saphenous  opening  half  an  inch 
below  the  groin,  jiushed  through  the  adductoi-  muscles,  and  brought  out  one  inch 
below  and  in  front  of  tlie  tuberosity  of  the  ischium.  The  points  of  the  \nus  are 
then  protected  with  corks  to  prevent  subsequent  injury.  A  piece  of  strong  half- 
incli  rubber  tubing  is  now  wound  tightly  al)()ut  the  thigh  above  the  fixation 
pins.  The  tubing  should  be  long  enough  to  go  around  hve  or  six  times,  and 
its  ends  should  be  either  clamped  or  tied. 


Fig.  200. — Wyeth's  Method  of  Htemostasis  as  Applied  to  an  Amputation  at  the  Hip  Joint. 
Second  stage.  Tlie  soft  parts  have  been  dissected  from  the  bone  and  tlie  capsule  is  exposed. _  (From 
"Practice  of  Surgery,"  by  Jolin  A.^Wyeth,  M.D.,  LL.D.,  New  York,  1908;  by  permission.) 


Although  many  varieties  of  disarticulation  at  the  hip  joint  have  been  de- 
scribed, the  great  majority  have  fallen  into  disuse,  and  only  those  will  be  consid- 
ered here  which  are  in  general  use  at  the  present  day. 

The  instruments  employed  are  those  appliances  which  are  necessary  for  the 
application  of  the  elastic  tourniriuet,  a  strong  amputating  knife  with  a  six-inch 
blade,  a  strong  scalpel,  an  amputating  saw,  lion  forceps,  periosteal  elevator, 
dissecting  forceps,  hsemostats,  scissors,  and  needles. 

After  the  pins  and  the  elastic  constrictor  have  been  applied,  as  described 
above,  a  circular  incision  is  made  about  the  thigh  six  inches  below  the  tourni- 
cjuet  and  extending  to  the  deep  fascia. 

A  cellulo-cutaneous  flap  is  now  raised  until  the  level  of  the  lesser  trochanter 

VOL.  IV. — 23 


354 


AMERICAN  PRACTICE  OF  SURGICRY. 


is  i-eiiclicd,  vertical  releasing  inci.sion.s  being  inatle  if  necessary.  The  muscles 
are  then  divided  by  a  circular  sweep  of  the  knife  at  the  base  of  the  reflected 
fiai),  and  the  bone  is  sawn  across  at  a  lower  level  so  as  to  iirovide  good  lever- 


\ 


f 


lA^ 


Fig.  201. — Wyetli's  Method  nf  H;cmostasis  as  Ap|)licil  to  an  Aiiiijutation  at  the  Hi))  Joint. 
Third  stage,  'rhe  (lisarticulation  is  now  complete.  Tiie  conytrictor,  howe\'er,  still  remains  in  jiosition. 
(From  "Praetiee  of  Surgery,"  by  Jolin  A.  WyetU,  M.D.,  LL.D.,  New  Yorlc,  1908;  by  permi.s.sion.) 


'**^.,, 


Fig.  202. — Wyeth's  Method  of  Harnostasis  as  Applied  to  an  Amputation  at  the*  Hip  Joint.  The 
operation  completed.  (From  "Practice  of  Surgery,"  by  John  A.  Wyeth,  M.D.,  FL.D.,  New  York, 
190S;  by  permission.) 
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age  for  the  subsequent  disarticulation.  The  large  vessels  are  now  tied,  the 
rubber  tubing  is  cautiously  loosenetl,  and  all  bleeding  points  are  seized  and 
ligated.  The  muscular  attachments  of  the  upper  end  of  the  femur  are  next 
divided,  the  capsular  and  cotyloid  ligaments  are  incised  posteriorly,  and  the 
lower  extremity  of  the  bone  is  carried  upward  and  inward  so  that  dislocation 
occurs,  when  the  capsular  and  round  ligaments  may  be  divided  and  the  bone 
removed.  The  flaps  are  coapted  ^■crtically.  The  drain  should  be  placed  exter- 
nally and  the  inner  portion  of  the  wound  should  be  specially  protected  to  })rc- 
vent  infection  from  the  urine  or  the  fa'ces. 

Sexx's  Bloodless  Method.   (Figs.  203  and  204.) — An  incision  is  commenced 
three  inches  above  the  tip  of  the  great  trochanter  and  is  carried  downward  in 


Fig.  203. — Senn's  Bloodless  Amputation  at  the  Hip  .loiiit.  Head  of  femur  dislocated  tlirough 
incision;  elastic  constrictors  in  place,  anterior  one  tied.  (Copicil  from  "Bryant's  Operative  Surgery," 
D.  Appleton  &  Co.,  New  York,  1905;  by  pernu-ssion.) 

the  long  axis  of  the  bone  for  a  distance  of  eight  inches.  The  insertions  of  tlu.' 
muscles  are  severed  close  to  the  bone,  and  the  thigh  is  flexed,  forcibh'adducled, 
and  rotated  inward,  after  which  the  upper  and  iiosterior  part  of  the  capsular 
ligament  is  incised.  The  thigh  having  now  Iieen  slightly  flexed,  the  complete 
division  of  the  capsular  ligament  is  effected.  The  head  of  the  bone  is  dislocated 
outward,  and  the  round  ligament  divided,  or,  if  this  be  inijiossible,  the  bone 
is  di-slocated  ujion  the  dorsum  of  the  ilium.  The  upi)er  portion  of  the  femoral 
shaft  and  the  lesser  trochanter  are  then  well  bared  and  the  limb  is  brought  in 
line  with  the  trunk  and  slightly  flexed.  A  long  and  strong  forceps  is  now  intro- 
duced into  the  wound,  passed  l:)ehind  the  femur  at  the  normal  level  of  the  lesser 
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trochanter,  and  pushed  downward  and  inward  to  a  point  immediately  behind 
tlie  adductor  rruiscles  and  two  inches  below  the  tuber  ischii.  An  incision,  two 
inches  in  length,  is  made  upon  the  point  of  the  forceps,  which  thereupon  emerges 
tlu'ough  the  opening.  A  piece  ol'  rubber  tubing,  four  feet  long  and  three-ciuar- 
ters  of  an  inch  in  diameter,  is  seized  at  its  middle  by  the  forceps  and  pulled 
through  the  tunnel  made  in  the  tissues  of  the  thigh.  The  tubing  is  cut  at  the 
point  at  which  it  was  seized  by  the  foi-cei)s,  the  intention  being  to  use  one-half 
(at  a  later  stage  of  the  operation)  to  constrict  the  tissues  in  the  anterior  aspect 
of  the  thigh,  while  the  other  is  similai'ly  to  be  utilized  in  constricting  those 
upon  the  posterior  aspect.     After  the  extremity  has  been  drained  by  elevating 


Fig.  204. — Senn's  Bloodless  Amputation  at  the  Hip  .Joint.  Elastic  constriction  completed; 
antero-posterior  flaps  formed  of  all  tissues  down  to  muscles.  (Copied  from  "Hryant's  0])erative 
Surgery,"  D    Appleton  &  Co.,  New  York,  1905;  by  permission.) 

the  limb,  the  constricting  pieces  of  tubing  are  tied  and  the  amputation  is  com- 
pleted in  the  usual  manner. 

Disarticulation'  through  x^  External  Racquet  Incision.  (Fig.  196.) — 
The  |3elvis  of  the  patient  rests  upon  the  edge  of  the  table.  The  surgeon  stands 
to  the  outer  side  of  the  thigh,  facing  the  patient.  Tlie  circulation  ha\'ing  been 
completely  controlled,  the  thigh  is  adducted,  shghtly  flexed,  and  rotated  inward. 
The  knife  is  inserted  two  inches  above  the  tip  of  the  great  trochanter,  and  a 
vertical  incision  is  carried  do\\Tiward  along  the  posterior  border  of  the  trochanter 
for  a  distance  of  seven  inches.  From  the  lower  extremity  of  this  vertical  cut 
a  crescentic  incision  is  carried  across  and  to  the  back  of  the  thigh,  the  two  in- 
cisions being  of  the  same  length  and  meeting  internally  at  a  lower  level  than 
that  at  which  they  were  started.  The  entire  incision  involves  only  the  skin  and 
superficial  fascia.  The  flap  which  encircles  the  limb  is  ne.xt  dissected  up  for 
a  distance  of  two  inches  in  the  same  manner  as  that  practised  in  an  ordinary 
circular  amputation.  After  the  thigh  has  again  been  flexed,  adducted,  and 
rotated  inward,  the  vertical  incision  is  deepened  do\Mi  to  the  bone,  and  the 
muscles  attached  to  the  great  trochanter  are  divided  close  to  it.  The  upper  por- 
tion of  the  shaft  of  the  femur,  in  the  depths  of  the  vertical  incision,  is  thorough- 
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ly  bared,  care  being  taken  to  avoid  injuring  either  the  femoral  or  the  proruiuhi 
artery.  These  steps  involve  the  divis^ion  of  the  msertions  of  the  gluteus  niaxinius, 
quadratus  femoris,  psoas,  iliacus,  pectincus,  and  the  superior  fibres  of  the  adductor 
magnus  and  quadriceps  extensor  nuiscles.  Tlie  limb  is  now  strongly  adducted 
and  the  capsule  is  transversely  dividend  at  the  upjier  antl  jjosterior  part.  The 
limb  is  next  slightly  flexed  while  the  anterior  part  of  the  capsule  is  incised,  and 
is  finally  rotated  outward  while  the  remaining  fil)res  of  the  capsule  and  the 
round  ligament  are  divided  and  the  head  of  the  Ixme  ilisartieulatetl.  The  mus- 
cles upon  the  inner  aspect  of  tlie  tliigh  are  then  cut  by  a  circular  sweep  of  tlie 
knife  at  the  level  of  tiie  base  of  the  reflected  flap  and  the  extremity  is  removed. 

The  femoral  antl  i)rofunda  vessels  ai'e  secured  in  the  anterior  portion  of  the 
wound  close  to  the  cut  ends  of  the  rectus,  sartorius,  and  adductor  longus.  After 
tlie  large  vessels  have  been  ligated  tiie  mternal  circumflex  is  picked  up  at  the 
inner  and  posterior  aspect  of  the  acetabulum.  Tlie  descending  Itranch  of  the 
external  circumflex  is  situated  near  the  inner  margin  of  the  vastus  externus. 
The  comes  nervi  ischiadici,  as  well  as  many  other  liranches  of  the  sciatic  and 
muscular  branches,  will  also  recjuire  ligation. 

The  advantages  of  the  external  racquet  method  are  the  following:  The 
drainage  is  good,  the  wound  is  away  from  the  anus,  and  the  ischium  (the  main 
point  of  future  support)  is  well  covered;  shock  is  diminished  bj'  the  low  tlivision 
of  the  soft  tissues,  and  but  little  injury  is  inflicted  upon  the  branches  of  the 
sciatic  and  gluteal  arteries;  the  main  artery  is  divided  in  the  latter  part  of  the 
operation;  the  vertical  incision  exposes  the  femur  through  the  least  vascular 
portion  of  the  thigh  and  is  so  situated  that  an  excision  may  be  performed  if 
a  careful  examination  shows  that  an  amputation  is  unnecessary. 

This  method  is  practicallj'  identical  with  the  first  hip-joint  amputation 
planned  by  Ravaton  in  174.3.  Kerr's  amputation  in  1778  was  also  a  similar 
procedure,  although  his  external  incision  was  in  the  shape  of  an  inveited  ^^ 
The  names  of  many  surgeons  have  been  associated  with  the  method,  and  the 
following  are  its  chief  exponents:  Lister,  Furneaux  Jordan,  and  Esmarch. 

Lister's  Amputation. — This  procedure  is  foiuided  upon  the  principles  of  Fur- 
neaux Jordan's  operation,  ^\hich  will  be  next  described.  Lister  made  tlie 
vertical  incision  eight  inches  long  and  divided  the  muscles  circularly  before 
clearing  the  femur,  the  disarticulation  being  left  until  the  termination  of  the 
operation. 

Furneaux  Jorflan'^i  Ampulation.  (Fig.  205.) — Next  to  Wyeth's  this  is  perhaps 
the  safest  and  simplest  of  all  methods  of  disarticulating  at  the  hip  joint,  and 
furthermore  it  requires  no  special  instruments  or  apparatus  for  its  performance. 
The  circulation  is  controlled  by  an  Esmarch 's  bandage.  The  thigh  is  ampu- 
tated near  its  midiUe  by  the  circular  method,  the  bone  l)eing  left  unsawn  so  as  to 
offer  a  more  efficient  le\  I'r.  The  vessels  having  been  secured,  the  Ijandage  is 
next  removed,  and  a  vertical  incision  extending  iq)  to  a  point  midway  Iwtween 
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Ilic  ti'dcliaiitci'  ami  the  crest  of  tlic  iliiiiii  is  made  on  llic  outer  noii-\'ast'iilar 
■side  of  tlie  liiiilj.  Disarticulation  is  now  el'fecteil  hy  cutting  tlie  li<i!inients  and 
muscl(>s  down  to  tlieir  insertion.  Onlj'  a  few  minor  arte- 
rial brandies  aw  cut  in  the  second  .stage  of  the  operation. 
'I'lie  8tump  is  to  !)(>  closed  both  vertically  and  transversely. 
Drainage  slioiiid  he  empltwetl.    ]''iirneauxJoi'dan's  method 


is   not  applicable  to  all  cases,  and  in  malignant  disease  it 
is  distinctly  inferior  to  Wyeth's  method. 

Tlie  first  hip-joint  amputation  performed  in  America, 
and  tlie  first  successful  one  in  tiie  world,  was  carried  out 
liractically  in  accordance  ^^■ith  this  method;  Brashear,  of 
Bardstown,  Kentucky,  in  ISOti,  amputated  the  thigh  of  a 
colored  boy  in  the  lower  third,  and  then  followed  this  by 
enucleating  the  bone  through  a  long  external  incision. 
„      .,.,.     ,,  Some  of  the  best  and  mor(>  modern  methotls  have  re- 

FiG.   205.  —  I'urneaux 

.Jordan's  Amputation  at     talucd  all  of  the  essciitial  features  of  Jordan's  method,  and 

tlie  Hip. Joint.  Tlieslia- 
ded  part  represents  the 
area  traversed  by  tlie 
knife;  the  dotted  lines 
the  incision.  (From 
Treves'  "Operative 
Surgery.") 


have  added  just  enough  to  warrant  the  use  of  a  different 
name. 

The  occasional  operator,  who  has  not  the  best  assist- 
ants and  who  is  not  provided  witii  Wyeth's  jiins,  should 
give  the  preference  to  the  Furneaux  .Jordan  method.     The 

resulting  stump,  it  must   be  admitted,  is  less  shapely  than  that  obtained  by 

some  of  the  other  methods. 

Esmarcli's  Amputnlion. — In  this  [irocedure  all  the  soft  parts  of  the  thigh 

are  severed  by  a  vigorous  circular  sweej)  of  the       ^^ 

knife  five  inches  below  the  great  trochanter,  ami 

the  bone  is  sawn  across  at  the  same  level.     The 

vertical  incision  is  now  made,  the  upper  ex- 
tremity of  the  femur  is  .steadied  with  a  lion- 

jaw' forceps,  and  disarticulation  is  accomplished 

in  the  usual  manner. 

DlS.\ItTICrL.\T10N     TIJROl-GH     AX      .\\Ti;i{I()R 

Racquet  Incisiox.  (Fig.  206.) — Although  not 
so  easy  of  execution  as  the  lateral  rac<|uet 
method,  this  procedure  has  the  advantage  that 
no  tourniquet  or  htrmostatic  appliance  is  re- 
quired, since  all  the  large  blood-vessels  are 
ligated  befoi'e  division. 

The  incision  commences  at  the   centre  of 
Poupart's  ligament  and  follows  the  line  of  the 
vessels  for  a  distance  of  about  three  inches.      It  curves  inward,  crossing  the 
adductors  four  inches  below  the  genito-crural  junction,  jiasses  over  the  back 


Fig.  2()G. — Disarticulation  at  tlie 
Hip  -loint  by  an  .\nterior  Racquet 
Incision.  (J'ronl  Treves'  "  Opera- 
ti\'e  Surgery.") 
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of  the  thigh,  somewhat  below  the  base  of  the  great  trochanter,  and  curves  ob- 
hqiiely  across  the  front  of  the  thigh  to  join  the  vertical  incision  about  two  inches 
below  its  starting-point.  The  upper  part  of  the  incision  is  deepened  and  the 
common  femoral  artery  is  exposed  and  divided  between  two  ligatures.  The 
common  femoral  vein  is  similarly  ligatetl  at  the  same  level.  The  border 
of  the  entire  flap  is  now  liberated  anil  allowed  to  retract,  although  it  is  not 
dissectetl  up.  The  sartorius,  the  rectus,  and  the  tensor  vagina>  femoris  are 
next  cut,  and  upon  their  retraction  the  exijoseil  external  circumflex  artei-y  is 
divided  between  two  ligatures.  The  limb  is  now  rotated  inward  while  the  in- 
sertion of  the  gluteus  maximus  is  dividetl,  and  is  then  rotated  outward  wliile 
the  ])soas  is  cut.  The  internal  circumflex  vessels  are  next  exposed  and  secured. 
The  muscles  upon  the  inner  aspect  of  the  thigh  are  then  cut  at  the  level  of  the 
retracted  skin.  "With  the  thigh  adducted  anil  rotated  inward,  the  muscles 
attached  to  the  great  trochanter  arc  severed,  after  which  the  liml)  is  abducted 
and  rotated  outward  to  allow  of  ti'ansverse  division  of  the  capsule,  disarticu- 
lation of  the  head  of  the  bone,  and  tlivision  of  the  round  ligament.  At  this  stage 
the  obturator  externus  tendon  is  divided.  The  external  rotation  of  the  limli  is 
now  exaggerated,  the  head  of  the  fenuu'  is  iield  forward,  and  all  of  the  soft  parts 
on  the  l)ack  of  the  thigh  are  divided  by  a  vigorous  sweep  of  the  knife  at  the  level 
of  the  retracted  skin. 

The  advantages  of  the  anterior  racijuet  method  are:  No  form  of  elastic 
constriction  is  necessary;  the  main  blood-vessels  are  secured  early  in  the  oper- 
ation: tlie  hip  joint  is  well  exjjosed  antl  disarticulation  is  easy;  and  the  ischium 
is  well  covered. 

The  objections  to  this  method  are  the  following:  The  femur  is  exposed  by 
an  incision  that  traverses  a  vascular  area;  the  incision  is  not  well  adapted 
for  excising  the  hip  joint  shoukl  the  amputation  be  abandonetl;  and  the  drainage 
is  not  so  good  as  in  the  external  racquet  method. 

DlS.\RTTCl"LATIO\    BY   AxTERO-PoSTKRIOR    FlAPS,    CuT     BY    Tr.\XSFIXIOX. 

This  rapid  anil  brilliant  method  is  now  obsolete  since  its  "raison  d'etre"'  van- 
ished with  the  introduction  of  anirsthesia.  No  tourniquet  was  employed, 
the  anterior  flap  was  the  longer,  and  the  main  vessels  were  compressed  in  the 
flap  by  a  deft  assistant  before  they  were  divided.  The  method  is  open  to  all 
the  objections  attendant  upon  transfixion  in  general. 

Guthrik's  Amputation  by  Antero-Posterior  Flaps,  Cut  from  Without 
Inward. — This  procedure  is  but  slightly  inferior  to  either  of  the  racijuet  methods. 
No  less  an  authority  than  Ashhurst  regarded  it  as  the  best  method  of  ampu- 
tating at  the  hip. 

The  surgeon  stands  at  the  right  side  of  the  limb  to  be  operated  upon.  Both 
flaps  should  be  about  five  inches  long,  and  it  is  advisalile  to  cut  the  posterior 
one  first.  The  incision  commences  just  above  the  great  trochanter,  passes 
downward  and  inward  in  a  curved  manner  across  the  l^ack  of  the  thigh,  and 
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then  upward  and  inward,  to  Icrniinate  just  below  tlic  tulxT  ischii.  The  anterior 
flap  is  now  mariied  out  in  a  similar  manner.  After  retraction  of  the  tegu- 
montary  flaps  the  muscles  are  divided  obliquely  from  below  ujjward  in  the  line 
of  the  original  incision.  Upon  exposure  of  the  joint,  disarticulation  is  effected 
in  the  customary  manner.  The  sui)erficial  and  deep  femoral  vessels  should  be 
secured  by  ligatures  before  they  ai-e  divided. 

The  resulting  stum])  is  serviceable  and  the  cicatrix  is  small  and  admirably 
placed. 

MORTALITY  STATISTICS. 

An  exhaustive  or  even  a  systematic  presentation  of  the  mortality  statistics 
of  amputation  is  not  contemplated  here.  We  give.-  some  of  the  more  import- 
ant data  that  have  been  secured  by  other  investigators  in  this  field. 

Statistical  Report  of  703  major  amputations  from  the  records  of  eight  hospitals 
of  New  York  City,  by  John  F.  Erdmann.  Annals  of  Surgery,  Vol.  XXII.,  pp.  3.58- 
362,  July-Dec,  1895. 


Amputations. 

Deaths. 

Per  cent. 

Wrist 

7 
71 
6 
88 
24 
64 

156 
46 

22.3 
18 

0 
1 
0 

16 
6 
5 

19 
6 

48 
8 

0 

1  4 

Elbow 

0 

Arm 

18 

Shoulder 

25 

Foot 

7  8 

Lee 

12. 

Knee 

13 

Thigh 

Hip 

21.5 
44.4 

Cases  in  Bellevue. 


Freshly 

Traumatic 

Cases. 

Average 

Age. 

Deaths. 

Average 
Age  at 
Death. 

Per  cent. 

1884-1889 

47 
20 

34 
35 

12 
4 

43 

58 

25  5 

1889-1894  

20 

All  Single  Amputations  at  Bellevue. 

Cases. 

Deaths. 

Per  cent. 

1884-1889 

114 
61 

19 
9 

16 

1889-1894  

14 
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F.  Murphy's  Table;  Division  of  Surgery,  Med.  School,  Harvard  Univ.,  Bull. 
III.,  September,  1904.  Record  of  ,500  cases  of  amputation,  Massachusetts  General 
Hospital. 

Lower  Extremities. 


.  For  crush. — (Single.) 

Thigh 

Leg 

Foot  (partial) 

(Double.) 

Thigh 

Thigh  and  tibia 

Thigh  and  partial 

Tibia 

Tibia  and  partial 

,  For  bad  stumps. 

Thigh 

Leg 

Partial 

,  For  sepsis. 

Thigh 

Leg 

For  gangrene. 

Thigh. 

Thigh  and  leg 

Leg 

Partial  (double) 

.  For  new  growth. 

Double  thigh 

Thigh 

Leg 

For  tuberculosis  and  osteomyelitis. 

Thigh 

Leg 

Partial 

Totals 


Died. 


4 
1 

11 

1 

12 


84 


According  to  von  Bergmann's  "System  of  Surgery,"  \'ol.  III.,  the  mortality  of 
amputations  at  the  hip  joint,  of  interscapulo-thoracic  amputations,  and  of  amputa- 
tions of  the  upper  arm,  is  as  follows: 

Hi]}  joint — preantiseptic  period — 70  per  cent.  Subsequently  it  has  been  placed 
at  29  per  cent  by  one  authority  (Coronal)  and  as  low  as  13  per  cent  by  another  (Riedel) . 

Interscapulo-thoracic. — Up  to  1899,  for  tumors,  96  per  cent  immediate  re- 
coveries; mortality  4  per  cent  (Koenitzer). 

Upper  Arm. — Operative  mortality,  nil. 


W.  L.  Estes,  Surgeon-in-Chief  of  St.  Luke's  Hospital,  South  Bethlehem,  Pa., 
gives  the  following  statistics  in  his  article  entitled:  "A  Further  Contribution  to 
the  Study  of  Modern  Amputation,"  American  Medicine,  Nov.  29th,  1902,  p.  859. 
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List  of  Am|)iit;itiiins  t'cir  tlic  last  cijjlit  years:   sin.i^le  iiiajnr  aiiipiit  alidiis. 


Ain|)ut:if  ion  of  :imi 

tit  elbow  joint 

"  of   forearm 

"           ''  foot,   Chopart's..  . . 

"      "       Hay's 

"  "       Mikulicz's  .  .  . 

"  "       "       Syme's 

"           "  leg,     lower  third.  . . 

"  "       middle  third.. 

"           "  "       upper  third.  . 

"           "  thigh,   lower  third 

"            "  "        middle  thin 

"            "  "        upper  third 

"  "   at   hip  joint 

"         '  "     "    knee  joint 

"            "  "    .shoulder  joint .  , 

Totals 


"o  .9 


33 
2 

17 
4 
3 


32 
14 
1 
36 
8 
5 
4 
9 
9 


164 


<  3 


5  c 


12 

40 
.50 


3.04 


IteuKU'ks. 


( )ne  done  for  di.scase 


( )ne  for  disease. 


One  had  pyaemia 
when  admitted 
and  was  very  low. 
The  other  died  of 
acute  ana'mia. 


He  also  gives  tables  of  complicated,  double,  triple,  ami  qii:ulrui:)l('  oiJOi-ations. 
Complete  list  of  single  major  amputations  for  twenty  years. 


Amputation   of    arm 

"  "    elbow  joint 

"  "   forearm 

"  "    foot,  Chopart's 

"      "      Hays' 

"           "  "      Mikulicz's.... 

"  "      "     PirogoiT's 

"  "      "      Syme's 

"           "  leg,  lower  third. . . . 

"           "  "     middle  third... 

"            "  "     upper  third. . . . 

"            "  thigh,    lower   third 

"           "  "      middle  third 

"            "  "       upper  third 

"  at   hip-joint 

"  ''    knee  joint 

"  "   shoulder  joint 

Total  number 


o  .9 

6   ;~ 

c 


40 

2 

54 

11 

.5 

2 

1 
14 
79 
42 
2(1 
80 
33 
13 
11 
26 


458 


t  ■;. 


19 


~     C3 


1.26 

4  .34 
6.2.5 
8.48 
23.07 
27.27 
3.84 
4.54 


av.4.1: 


Remarks. 
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Wycth.  John  A.  Amputation  thi'ouuh  the  hip  joint,  witii  a  synopsis  of  2G7 
cases  in  wliich  the  authai''s  methtnl  was  eniployeil.  Jmini.  .hii.  Med.  .l.s.s«.,  1901- 
May  ISth,  p.  l.^lil  et  seq. 

P.  i;]72;  "Of  the  2(i7  cases  of  disarticuhition  at  the  hip  joint  i'or  all  causes, 
herewitli  reported,  53,  or  19.8  per  cent,  (lietl.  .  .  .  In  Ashhurst's  ■  Internat.  Encyclo- 
pedia of  Surjiery,'  ISSl,  F.  C.  Shcpperil  gives,  to  that  date,  a  total  of  (j(j3  cases  of 
amputation  thi'ouiih  the  hip  for  all  causes,  witli  a  mortality  I'atio  of  G4  per  cent.  In 
Lancet.  .Mai'ch  .5tli,  1S92,  F.  Page  gives  l(i  cases  in  which  the  amputation  was  done 
by  other  methods  in  Royal  Infirmary,  Newcastle-on-Tyne,  with  u  ratio  of  mortality 
of  37.5,"  etc.,  etc. 

Coley.  ^^'m.  P.:  Trans.  Southern  Surg,  and  (lynecol.  .\ssn.,  1903,  p.  77:  Seven 
cases  of  amputation  at  hip  joint  for  sarcoma  without  mortality,  ^^'yeth's  method 
cif  wire  pins  was  used  in  all  Init  one  case. 

W.  \A'.  Keen  and  .J.  ('.  DaCosta:  A  case  of  interilio-ahdominal  amputation  for 
sarcoma  of  the  ilium,  and  a  synopsis  of  previously  recoriled  cases.  International 
Climes,  Vol.  I\'.,  13th  Series,  I'hila.,  1904,  p.  127. 

Table  of  19  cases  i.  f  operation  in  which  the  termination  is  known,  wit  h  5  recoveries, 
the  first  l)eing  in  1.SS9  or  1891.     This  patient  died  33  hours  after  the  operation. 

In  an  article  by  K.  Cramer,  in  the  .lirhiv  j.  Orthopaedic,  1905,  iii.,  j).  101.  on  di- 
aphysis  stumps  of  the  thigh  and  leg,  the  following  data  are  given: 

Prcantiscptic  Period. — Leg  amputations,  mortality  40  per  cent;  thigh  ampu- 
tations (Pitha-Biilroth),  45  per  cent-50  ]5er  cent;  Crimean  war,  91  per  cent; 
American  war,  04  per  cent. 

Anti.'yeptic  Period. — Mortality  fell  to  16  ])er  cent,  accortling  to  Oberst;  while, 
according  to  Gordon-Kljadschko,  the  mortality  in  1,413  cases  (1S90-1S99)  was  only 
9.5  per  cent. 

Cramer  himself  operated  in  90  cases — 46  in  thigh  and  50  in  leg — without  mor- 
tality. 

Fari'ar  Colib,  in  the  Annalf  of  Stirgcri/.  XLL,  p.  207,  makes  the  statement  (in 
the  coiuvse  of  his  report  of  a  ca.se  of  interscapulo-thoracic  amputation  for  sarcoma  of 
humerus)  that  "but  5  such  operations,  his  own  inclutled,  have  lieen  recorded  at  the 
llassachu.setts  Ccneral  Hospital  since  1870." 

In  a  report  before  the  See.  de  Chirurgie,  Paris,  1905,  XXXI.,  Berger  reviews 
a  work  by  ,Jeanbrau  (Paris,  1887)  on  interscapulo-thoracic  amputation  of  the  arm 
for  tumors: 

Jeanbrau  and  Riche  collected  188  observations  from  GO  surgeons.  The  mortalitj' 
was  11.1  per  cent.  But,  while  the  operations  performed  before  1887,  or  when  the  tech- 
nique was  imperfectly  developetl,  showed  a  mortality  29.16  per  cent,  tho.se  performed 
after  18S7  showed  one  of  onl}-  7.84  per  cent.  If  cases  in  which  intervention  was  con- 
tra-indicated are  left  out,  the  figures  could  be  reduced  to  5.2  per  cent.  Of  125  ca.ses 
in  which  the  nature  of  the  new  growth  had  been  tletermined  by  a  microscopic^ 
examination,  recovery  followed  in  105.  Of  the  20  others,  10  died  from  operation, 
and  reports  about  another  10  could  not  be  obtained. 
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ARTIFiriAI.    MMHS. 

GeNKH  Al.     ("iiNSIDKHA'l'IOXS. 

It  has  already  been  stated  lliat  iiiiprovemeiits  in  tlie  coiistruclion  of  ai'ti- 
ficial  limbs  has  materially  modified  several  methods  of  amputating,  so  that  what 
were  formerly  useful  amputations  ai'e  now  better  replaced  by  others  whieii  may 
involve  a  greater  destruction  of  tissue.  On  the  oth(>r  hand,  these  same  improve- 
ments have  made  it  possible  to  conserve  tissues  in  some  cases.  Thus,  for  ex- 
ample, in  amputation  of  the  leg  the  junction  of  the  uj^per  and  middle  thirds 
is  no  longer  the  site  of  election,  but  the  junction  of  the  middle  and  lower  thirtls 
has  become  the  chosen  point,  amputation  at  the  latter  level  permitting  the  ad- 
justment of  a  limb  which  is  not  only  more  comfortable,  but  also  better  suited  to 
support  the  weight  and  maintain  the  eciiiilihiium  of  the  body.  As  regards  the 
partial  amputations  of  the  foot  it  may  be  stated  that,  with  few  exceptions,  it  is 
better  to  amputate  above  the  ankle,  through  the  junction  of  the  lower  with  the 
middle  third  of  the  leg,  for  the  reason  that  better  functional  results  can  be 
obtained. 

One  of  us  has  on  two  occasions  performed  Lisfranc's  operation  with  jjerfect 
satisfaction,  and  each  patient  was  subsequently  able  to  walk  and  dance  as  well 
as  JK'fore.  Both  wore  ordinary  shoes  with  the  anterior  portion  built  u]). 
Neither  patient  limped  and  no  one  would  have  suspected  that  a  portion  of  the 
foot  had  been  sao'ificed. 

Our  I'esults  have  not  been  satisfactory  after  Chopart's  amputation,  which 
removes  but  a  little  more  of  the  member  than  Lisfranc's,  and  we  no  longer 
practise  it. 

We  are  informed  by  those  who  make  and  adjust  prosthetic  ai)]iliances  that 
a  very  satisfactory  foot  can  be  adjusted  after  Syme's  amputation. 

The  old  amputations  of  Chopart  and  Liston  are  particularly  ill-suited  for 
the  procurement  of  good  functional  results,  inasmuch  as  the  action  of  the  exten- 
sor tendons  is  destroyed,  so  that  the  tendon  of  Achilles  is  likely  to  elevate  the 
heel.  These  considerations  seem  to  us  to  lie  of  the  utmost  importance,  for  not 
only  do  we  hear  the  occasional  ojn'rator  still  discuss  the  relative  merits  of  the 
antic|uated  partial  amputations  of  the  foot  and  speak  of  the  junction  of  the 
upper  with  the  middle  third  of  the  l(\g  as  the  point  of  election,  but  we  know  that 
the  same  errors  are  being  periietiiatcd  l)y  some  teachers  of  surgery.  Another 
matter  concerning  which  there  seems  to  be  much  doubt  is  the  time  at  which 
an  artificial  limb  should  be  applied;  and  the  question  is  also  asked.  How  should 
the  stump  be  prepared  for  its  reception?  As  a  rule,  it  may  be  stated  that  three 
months  will  suffice  to  put  the  stump  in  ])roper  condition  for  the  recei)tion  of 
artificial  limb.     In  many  instances  the  liml)  may  be  applietl  earlier  than  this 
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after  amputation.  There  are  no  ol)jections  to  thi.s  course,  provided  the  con- 
dition of  the  stump  is  satisfactory.  The  important  prcrec}uisite  is  that  all  in- 
flannnation  shall  have  disappeared.  Formerly,  when  wooden  legs  were  in  vogue, 
a  much  longer  time  was  required  than  at  present.  As  soon  as  complete  healing 
of  the  stump  has  taken  place  a  firm  hantlage  should  be  applied,  and  over  it  there 
may  ailvantagcously  be  applied  a  "slu-inker" — a  device  made  by  artificial-limb 
manufacturers  and  intended  to  reduce  the  stump.  The  shrinker  also  serves 
to  hold  the  bandage  in  place,  and,  morever,  it  affords  protection  in  case  the 
patient  falls  or  slips.  It  is  of  great  importance  that  the  stump  be  kept  scrupu- 
lously clean,  and  for  this  piu'pose  l)athing  with  cool  water,  followed  by  a  brisk 
rubbing  with  a  suitable  fluid,  shotdd  be  resorted  to  at  least  once  a  day.  While 
it  is  desirable  that  as  nuich  pressure  as  possible  be  exerted  upon  the  stump, 
so  that  its  size  may  be  reduced  without  undue  delay,  care  should  be  taken  not  to 
apply  the  bandage  or  shrinker  tightly  enough  to  interfere  with  the  circulation 
or  produce  pain.  The  object  is  to  hasten  atrophy  of  the  soft  parts — a  change 
which  is  certain  to  take  place  in  course  of  time, — but  not  to  impair  the  nutrition 
of  the  part. 

In  regaril  to  artificial  limlis  themselves  it  maj'  be  of  interest  to  trace  their 
evolution  through  various  ages  and  to  mention  some  of  the  more  imijortant 
modifications  which  have  been  made  in  their  constniction.  Ai'tificial  legs  were 
made  at  a  very  early  period,  as  shown  by  the  fact  that  one  was  exhumed  at 
Capua  along  with  a  skeleton  and  some  vases — the  latter  supposed  to  be  of  the 
year  300  b.c.  Herodotus  mentions  a  soldier  who  wore  a  foot  of  wood.  Exactly 
what  the  mechanism  of  this  member  was  is  not  stated.  It  is  said  that  in  the 
early  part  of  the  sixteenth  century  a  Nuremberg  mechanic  made  an  artificial 
hand  for  a  German  knight.  Later  in  the  same  century  Ambroise  Pare  made 
use  of  the  peg  leg  and  also  employed  iron  hands.  In  1696  Verduin,  a  Dutch 
surgeon,  in\'ented  an  artificial  leg  that  was  provided  with  an  artificial  foot  to 
which  were  fastened  two  strips  of  steel  extending  to  the  knee.  This  artificial 
limb  also  had  a  copper  socket  in  which  the  stump  rested.  Connected  to  this 
socket  by  two  steel  sitle  joints  was  a  leather  strap  which  was  fastened  around 
the  thigh,  thus  taking  some  of  the  body  weight  off  the  stump. 

Patents  for  wooden  limbs  were  procured  in  1790  and  in  1810  by  Thomas 
Mann,  and  in  1800  by  James  Potts,  both  of  England.  The  Potts  leg  was  worn 
by  the  Marquis  of  Anglesea,  who  lost  his  leg  at  Waterloo,  and  conseciuently 
it  came  to  be  known  as  the  Anglesea  li'g.  It  consisted  of  a  wooden  socket  for 
the  stum]),  a  steel  joint  for  the  knee,  and  a  wooden  one  for  the  ankle. 

In  lSo9  ^\'illiam  Selpho,  who  had  worked  with  Potts,  introduced  the  An- 
glesea leg  into  America,  manufacturing  it  in  New  York.  He  made  the  knee 
joint  of  two  steel  plates — the  upper  one  being  convex,  the  lower  one  concave — 
and  co\ered  it  with  leather.  At  the  ankle  he  placed  India-rubber  buffers  to 
prevent  concussion. 
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In  184(),  1S4(),  and  1s:iL'  patents  \vci-c  sccui-cd  liy  V>.  V.  I'alnici-  I'oi-  iinpmvo- 
mcnts  wliich  had  for  tlicir  object  the  I'echietion  of  the  weifiht  ot'  the  ailifieial 
Ihnl)  and  the  sinipliheation  of  tlie  mechanism  of  tlie  ankh'  joiiit. 

To  avoid  chafinfz;  tlie  slump,  it  is  necessary  tliat  there  he  no  free  hiteral 
movement,  antl,  as  it  is  nearly  imjiossihle  to  ht  a  stump  in  this  way,  the  wearer 
may  be  subjected  to  discomfort,  if  not  actual  surferin;^-,  as  the  changes  in  the 
.stump  due  to  slu'inkage  take  place. 

A  few  makers  have  tried,  and  with  some  degree  of  success,  to  obviate  this 
trouble.  As  the  result,  we  have  the  slip-socket  legs,  the  object  of  which  is  to 
lessen  chafing  and  to  break  the  jar  in  stepping.  The  slip  (or  u])per  section) 
is  held  at  the  point  of  desired  elevation  liy  springs  applie<l  in  different  ways,  so 
th.at,  when  the  wearer  places  his  weight  upon  the  leg,  the  sjirings  will  allow 
him  to  settle  to  the  point  of  check  (a  distance  of  from  half  an  inch  to  one  inch 
below)  with  but  little  jar  to  the  stump. 

AVliile  these  have  their  meritoi-ious  features,  they  also  have  objectionable 
points  that  are  common  to  all  limbs  with  added  mechanism.  Freciuent  re|)airs 
are  necessary.  Moreover,  natural  walking  is  not  secured.  If  the  artificial  liml) 
corresponds  in  length  with  the  natural  leg,  the  foot  will  scrape  the  grouml 
whenever  it  is  swung  naturally  imder  the  body. 

A  wooden  leg,  with  its  upper  ])art  of  soft  leather,  laced  in  the  back  for  ad- 
justment, is  also  used.  The  favdt  of  this  socket  lies  in  the  fact  that,  when 
pressure  is  brought  to  bear,  the  leather  will  not  permanently  letain  the  cavities 
placed  therein  to  acconnnodate  the  irregular  bone  structure,  and  will,  there- 
fore, cause  chafing  at  the  prominent  [joints.  Artificial  limbs  made  of  specially 
prepared  sole  leather  compressed  and  hartlened  upon  a  model  of  the  stump,  rein- 
forced with  hard  rawhide,  and  supplietl  with  a  vent  inserted  to  allow  ventilation, 
are  said  to  be  satisfactory,  especially  when  the  other  mechanism  is  iiroperly 
adjusted. 

In  regard  to  artificial  arms  and  hands  it  must  be  admitted  that  their  great- 
est value  is  ornamental.  The  natural  mechanism  of  the  hand  is  too  com- 
plex to  adnnt  of  its  substitution  l)y  any  artificial  tlevice.  However,  the  hands 
with  ductile  fingers  and  palm  lock  make  it  possible  for  a  knife  or  fork  to  be  held 
or  a  package  carried. 

The  more  or  less  continuous  improvement  in  the  material  and  mechanism  of 
all  prosthetic  appliances  is  best  utilized,  by  those  who  are  in  need  of  their  bene- 
fits through  consultation  with  their  respective  surgeons  and  by  conferring  with 
the  wearers  and  studying  the  various  reports  and  the  catalogues  of  makers  of 
these  appliances. 


EXCISIONS  OF  BONES  AND  JOINTS. 

By  HORACE  J.   WIllTACRE,  B.S..  M.D.,  Cincinnati,  Ohio. 


GENERAL  CONSIDERATIONS. 

The  terms  "  excision"  and  "resection"  arc  properly  applied  to  specific  svn-gi- 
cal  procedures,  yet  modern  writers  have  used  them  largely  as  synonyms.  The 
term  ''excision"  is  rightly  applied  to  anj-  operation  that  is  undertaken  for  the 
removal,  in  continuity,  of  a  segment  of  tissue,  without  the  total  ablation  of 
this  portion  of  the  body,  a  procedure  for  which  the  term  "amputation"  would 
be  appropriate;  but  when  the  word  is  used  by  itself,  in  its  more  restricted 
surgical  sense,  it  is  intended  to  signify  an  "operation  for  the  removal,  partial 
or  complete,  of  an  injureil  or  dist'ased  aiticulation,  or  of  a  bone,  and  generally 
one  of  the  flat  or  short  bones,  which  can  be  removed  entire  without  jeopardiz- 
ing the  usefulness  of  the  affected  part."     (Ashhurst.) 

The  term  "resection"  is  properly  ajiplied  to  an  operation  which  removes 
a  segment  of  the  .shaft  of  a  long  bone  and  pei'hap.s  brings  the  two  ends  together. 

History  of  Excisions  and  Resections. — Excisions  and  resections  were 
certainly  understood  theoretically  and  perhaps  practised  to  a  limited  degree 
by  the  ancients,  as  would  be  indicated  by  the  fact  that  Hippocrates,  Galen, 
and  Celsus  have  all  spoken  of  removing  the  protruding  bone  when  reduction 
could  not  be  accomplished  in  a  compound  dislocation,  and  have  also  referred 
to  the  removal  of  protruding  bone  ends  in  compound  fractures.  Brief  refer- 
ences are  made  to  this  procedure  in  the  works  of  many  subsecjuent  writers  of 
ancient  times,  but  such  operations  did  not  become  matters  of  definite  record 
until  about  the  middle  of  the  eighteenth  century. 

Mr.  Filkin,  in  1762,  performed  the  first  recorded  excision  for  disease,  and 
Mr.  Winman,  of  Shipton,  excised  the  lower  end  of  the  humerus  for  compound 
dislocation  a  few  }'cars  earlier.  ^lany  successful  individual  cases  were  reported 
after  this,  but  the  credit  of  definitely  presenting  the  advantages  of  excision, 
as  a  substitute  for  amputation  in  tuberculous  arthritis,  is  due  Mr.  H.  Park, 
of  Glasgow,  who  performed  his  first  operation  in  1781.  Moreau,  in  France, 
had  worked  independently  along  the  same  lines,  but  his  recommendations  did 
not  meet  with  acceptance.  The  operation  nowhere  gained  particular  favor 
for  many  years.  The  real  acceptance  of  the  method  in  Great  Britain  is  at- 
tributed to  Mr.  Syme,  of  Edinburgh,  who  wrote  in  1826,  and  Sir  William  Fer- 
gu.sson,  who  wrote  from  1845  to  1851.  John  C.  Bigelow,  Gurdon  Buck,  Sayre, 
Harris,  Pancoast,  Kinloch,  and  Andrews  in  America  were  early  advocates  of 
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excision.  The  hitor  (Icvelopincnts  of  tlic  pioccduiT  are  to  be  attributed  to 
those  men  whose  names  appear  so  frequently  as  originators  of  tlie  methods 
■\vliich  are  (hscussed  in  ttie  f()ll(i\vin<c  jKiges. 

Nature  and  Purposes  of  Excisions. — As  has  aheady  Ijeen  stated,  tlie 
terms  "excision  "  and  "resection"  are  often  used  interchangeably  and  are  ap- 
plied to  tlie  operation  of  removing  a  part  or  the  whole  of  a  bone  or  joint  for 
injury  or  for  disease.  The  operation  of  excision  is  a  conservative  measure 
which  is  to  be  undertaken  in  those  cases  where  a  bone  or  joint  ha;^  suffered 
injury  or  disease  of  a  nature  wliich  will  in  itself  cause  permanent  loss  of  the 
structure,  and  thus  lead  to  continued  illness  or  impairment  of  function,  or  to 
deformity;  where  a  local  extension  or  a  general  dissemination  of  a  local 
process  is  to  be  feared;  where  deformity  already  exists;  where  joint  function 
may  be  restored;  and,  lastly,  in  all  cases  where  amputation  of  the  extremity 
is  the  alternative.  It  may  be  performed  in  the  shaft  of  the  bone  or  at  either 
end  of  one  or  more  bones.  The  excision,  if  of  a  joint,  is  said  to  be  complete, 
when  the  heads  of  all  bones  entering  into  the  articulation  are  removed;  or  it 
is  spoken  of  as  partial,  when  the  articular  end  of  but  one  bone,  or  a  portion  of 
one  bone,  is  i-emoved,  the  ends  of  the  bones  being  sawed  off  at  varying  dis- 
tances from  the  end.  The  term  crasion  or  arthrectomy  is  applied  to  the  re- 
moval, by  dissection,  scraping,  or  gouging,  of  disea.sed  structuies  composing  a 
joint.  In  this  operation  the  bone  ends  are  not  sawed  oti'  and  the  general  con- 
tour of  the  head  of  the  bone  remains  the  same. 

The  question  whether  it  is  best  to  follow  a  non-operative  course  of  treat- 
ment, our  chief  dependence  being  placed  upon  such  measures  as  immobiliza- 
tion and  improved  surroundings,  or  to  excise,  or,  finally,  to  amputate,  is  often 
a  very  difficult  one  to  decide.  It  should  always  be  remembered,  in  favor  of 
the  first  of  these  plans,  that  complete  rest  (immobilization)  in  any  disease  of 
bone  or  joint  is  a  therapeutic  agent  of  very  great  value.  Under  the  beneficial 
influence  of  rest,  fresh  air,  and  good  food,  the  vital  regenerative  powers  of  the 
body  will  sometimes  accomplish  the  most  conservative  results  that  can  be 
obtained — results  which  are  better  than  those  obtainable  by  operation.  The 
patient  shoukl  therefore  always  be  given  the  benefit  of  these  well-established 
facts,  pi'ovided  the  case  be  one  in  which  the  existing  conditions  justify  such 
a  hopeful  outlook.  Among  the  facts  which  favor  excision,  the  following  may 
be  mentioned:  (1)  First,  the  determination  to  excise  will  be  made  in  many  cases 
after  well-directed  efforts  along  conservative  lines  have  failed  to  arrest  the  disease, 
or  when  such  treatment  has  left  a  functionless  or  a  badly  deformed  articulation. 
(2)  The  social  status  of  the  individual  or  his  surroundings  may  be  such  that 
a  conclusion  in  favor  of  excision  is  easily  reached  at  the  onset  of  the  disease. 
This  is  possibly  true,  for  example,  in  the  case  of  a  patient  with  a  tuberculous 
joint  whose  family  is  dependent  solely  upon  his  daily  wages  for  their  support. 
It  is  manifestly  impossible  for  this  i^atient  to  carry  out  efficient  immobilization. 
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for  a  perioii  of  two  or  more  yeais,  nor  can  he  coinnuiiul  the  dietetic  or  hygienic 
elements  essential  to  a  cure.  He  must  return  to  work  at  the  earliest  possible 
moment  and  may  therefore  choose  excision.  (3)  The  nature  of  the  local  dis- 
ease may  be  such  as  to  demand  excision  at  the  onset,  there  being  no  grounds 
for  the  belief  that  a  non-operative  course  of  treatment  would  accomplish  good. 
This  is  often  true,  for  example,  in  cases  of  bail  deformity,  of  ankylosis,  and 
of  injury  to  a  joint.  (4)  The  decision  to  operate  will  often  depend  upon  the 
occupation  of  the  individual  or  possibly  upon  his  oversensitiveness  to  deformity. 

The  operation  of  excision  may  be  classed  as  one  that  is  comparatively  safe; 
and  by  means  of  it  one  may  expect  to  obtain  a  useful,  or  stable  extremity, 
with  or  without  the  use  of  supplementary  apparatus. 

A\'hen  the  cjuestion  is  whether  to  excise  or  to  amputate,  excision  assumes 
the  character  of  a  conservative  measure,  and  the  advantages  of  saving  an  ex- 
tremity are  so  plainly  apparent  that  the  decision  is  generally  in  favor  of  this 
operation.  Furthermore,  the  saving  of  the  limb  is  an  argument  which  ai)i)eals 
strongly  to  the  patient.  There  is  another  factor,  however,  which  has  to  be 
very  carefully  considered  before  a  final  decision  is  reached;  I  refer  to  the  pro- 
spective usefulness  of  a  limli  thus  saved. 

The  Process  of  Repair  after  Excision. — The  nature  of  the  process  of  re- 
pair will  depend  naturally  uiM>n  tlu'  tyjie  of  excision  performed.  '\^Tien  a  sub- 
jieriosteal  excision  has  been  performed  there  will  be  a  prompt  proliferation  of 
the  inner  layers  of  the  periosteum  and  a  more  or  less  complete  restoration  of 
the  removed  bone.  This  process  will  be  associated  with  a  normal  connective- 
tissue  repair  in  the  wound,  anil  in  the  end  there  will  be,  in  the  case  of  ex- 
cision of  a  joint,  a  definite  regeneration  of  the  ends  of  the  bone,  which  will 
be  bound  together  by  a  strong  but  flexible  fibrous  band.  This  band  of  fibrous 
tissue  fills  in  the  gaj)  between  the  bones  and  holds  them  firmly  together.  Its 
flexibility  makes  possible  the  movements  that  are  expected  after  a  typical 
excision. 

When  a  segment  of  a  long  bone  is  remo\-cd  subperiosteally,  it  is  expectetl 
that  ultimately  complete  regeneration  of  the  lione  will  take  place. 

When  a  small  bone,  such  as  one  of  the  carpal  or  tarsal  bones,  is  removed, 
the  space  left  is  usually  so  entirely  filled  in  by  scar  tissue  that  neither  deformity' 
nor  interference  with  function  results. 

WTien  a  non-subperiosteal  excision  is  done,  the  r-epair  is  almost  purely  one 
by  granulation  or  scar  tissue. 

Instruments  Required. — The  instruments  for  excision  are  illustrated  in 
Fig.  2U7.  The  knives,  .scissors,  thumb-forceps,  and  artery  clamp  used  should 
be  of  heavy  construction.  There  should  be  at  least  two  knives,  since  it  is 
necessary  to  have  a  very  sharp  knife  at  certain  stages  of  the  operation,  par- 
ticularly when  operating  for  disease.  Tuberculous  tissue  should  be  removed 
by  sharp  dissection,  and  it  is  necessary  to  lay  a.side  the  knife  which  has  been 
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Fig.  207. — Instrument.s  Used  in  Excisions  and  Re.sections.  A,  Scalpels;  B,  scissors;  C,  tliumb 
forceps;  D,  Kelly  luemostatic  forceps;  E,  sharp  hook  retractors;  F,  McBurney'.?  needle-holder; 
G,  saw;  H,  rongeur  bone-forceps;  /,  Liston's  bone-cutting  forceps;  J,  seque.strum  forceps;  K,  Fer- 
guson's lion-jaw  forceps;  L,  bone  drill;  Jl/,  metacarpal  saw;  A'',  Gigli  wire  saw ;  O,  wooden  niallot; 
P,  chisels;   Q,  gouges;   R,  Volkmann's  bone-curette;  .S',  Esniarcli's  timrni(|uet ;    T,  periosteal  elevators. 
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(lulled  by  contact  with  the  bone  when  this  sharp  dissection  begins.  A  strong 
knife  sliould  always  be  at  hand  for  cutting  away  bone  foci.  Both  sliarj)  and 
blunt  retractors  should  be  at  hand,  the  latter  being  quite  necessary  when 
tendons  and  nerves  are  to  be  pulled  aside.  Any  one  of  the  great  variety  of 
saws  may  be  used.  The  author  has  found  the  Gigli  saw  rather  unsatisfactory 
because  of  its  tendency  to  break,  yet  there  are  times  when  it  is  quite  indis- 
pensable, since  it  is  possible  by  its  use  to  saw  off  a  bone  without  serious  dis- 
placement of  inqiortant  soft  tissues.  Chisels  and  gouges  of  all  sizes  are  im- 
portant elements  in  the  collection  and  should  be  at  hand  whenever  a  joint  is 
attacked.  Particular  care  should  be  given  to  the  choice  of  a  tourniquet. 
Broad  rubber  liands,  that  give  uniform  pressure  over  a  considerable  area,  are 
nuich  to  be  j^referred  to  a  conl.  The  tourniquet  must  often  remain  in  place 
for  a  considerabk'  ])eriod  of  time;  and  jiaralysis  is  apt  to  follow  when  a  suffi- 
cient pressure  is  used  with  a  narrow  band.  Special  instruments  are  re- 
riuired  for  o]ierations  such  as  temporary  osteoplastic  resection  of  the  skull. 

The  Operation. — The  incision  made  for  the  exposure  of  the  parts  in  any 
filieration  for  excision  must  be  planned  to  give  maximum  working  space,  to 
infiict  a  minimum  injury  upon  important  anatomical  structures,  and  to  pro- 
vide good  drainage.  The  direction  of  the  incision  will  be  longitudinal,  as  a 
rule,  yet  nray  be  \-ariously  modified;  H-,  V-,  or  bayonet-shaped  incisions  being 
employed  to  meet  special  requirements.  The  incisions  are  invariably  placed 
at  a  point  where  important  tendons,  nerves,  or  arteries  will  not  be  tli\ided, 
and  they  should  be  of  liberal  length.  If  tendons  must  be  divided,  they  should 
be  cut  obliquely  and  carefully  reunited.  The  treatment  of  the  bone  presents 
jsroblems  of  the  greatest  weight.  Whenever  it  is  possible,  the  bone  ends  should 
be  exposed  by  a  straight  incision  through  the  periosteimi  and  removed  sub- 
periosteally.  It  is  a  matter  of  accepted  importance  that  the  bony  prominences 
giving  attachments  to  muscle  tendons  usually  should  not  be  chipped  off  during 
the  dissection,  even  though  they  are  a  part  of  the  bone  which  is  diseased. 
The  reason  for  allowing  them  to  remain  is  that  they  give  greatly  increased 
stability  after  healing  has  taken  place.  These  bony  prominences  are  usvially 
not  diseased,  even  in  tulierculosis.  The  subperiosteal  method  of  excision 
gives  results  that  arc  so  distinctly  superior  to  the  non-subperiosteal  method 
that  this  point  cannot  be  disregarded  in  the  cases  in  which  this  method  is 
practicable.  Unfortunately,  in  the  majority  of  cases  the  application  of  the 
method  is  not  practicable.  For  exami^le,  in  cases  of  tuberculous  or  malignant 
disease  and  in  severe  injurj'  it  will  usually  be  impossible  to  adopt  the  plan. 

The  extent  to  which  the  bone  should  be  excised  will  depend  entirely  upon 
the  particular  joint  involved,  the  nature  of  the  disea.se,  and  the  result  desired. 
^^^len  an  entire  articulation  is  removed  we  speak  of  it  as  a  complete  excision; 
and  if  this  is  done  after  some  well-established  method,  we  term  it  a  formal  or 
typical  excision.     When  the  end  of  but  one  bone  or  a  portion  thereof  is  removed, 
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we  s|K'ak  of  it  as  a  partial  cxfi.sion ;  and,  since  tlic  (i|KTati()n  is  adapted  to  the 
peculiar  conditions  of  the  case,  it  may  also  he  called  an  inloi'iiial  or  ;ity])i<'al 
excision. 

One  of  two  results  is  desireil  in  either  a  eoini)lete  or  a  partial  joint  excision. 
The  oper.ation  is  undertaken  either  hir  the  pviri)o.se  of  ohtaininp;  a  firm  bony 
union  which  will  convert  the  bones  forming  the  articulation  into  a  .single  weight- 
bearing  shaft  (as  in  resection  of  the  knee),  or  for  that  of  i)reserving  slight  or 
extensive  motion  in  the  affected  joint  (as  in  excision  of  the  inferior  maxilla, 
the  shoulder,  the  elbow,  or  the  wrist).  The  finest  ions  of  the  amount  of  bone 
to  be  removed  and  of  the  i>erforniance  of  a  partial  or  a  complete  excision  will, 
in  most  cases,  have  to  be  decided,  in  large  measure,  in  accoidance  with  the 
nature  of  the  morbid  condition  and  the  result  which  it  is  desireil  to  obtain. 
Motion  will  be  more  certain  and  shortening  will  e^•idently  be  less  marked  after 
partial  than  after  total  resection,  and  these  facts  have  led  to  an  increa.sing 
tendency  to  do  the  partial  operation  whenever  the  conditions  will  permit. 
A  perfected  aseptic  technitiue  and  ini]iroved  methods  of  management  after 
operation  have  made  the  partial  excision  possible,  and  results  can  now  be 
obtained  that  were  not  formerly  feasible.  The  development  of  the  operation 
of  arthroplasty  for  the  treatment  of  ankylosis  has  still  further  increased  the 
field  of  application  of  atypical  excision  of  the  joints. 

When  a  bone  is  resected  for  the  purpose  of  exposing  deeper  structures,  as 
in  operations  upon  the  brain,  the  operation  is  spoken  of  as  a  temporary  resec- 
tion. For  this  purpose  a  horseshoe-  or  inverted-U-shaped  bone  flap,  together 
with  all  attached  soft  parts,  is  turned  down  in  order  to  expose  the  under- 
lying structures,  after  which  the  parts  are  returned  to  the  former  position, 
\\hcre  they  usually  reunite  with  the  adjacent  portions. 

When  a  long  bone  is  excised  in  part  or  in  its  entirety,  the  incision  is 
made  in  the  long  axis  of  the  bone  and  usually  in  a  line  where  the  bone  is  sub- 
cutaneous or  quite  near  the  surface.  If  the  bone  does  not  lie  near  the  sur- 
face— as,  for  instance,  on  the  outer  side  of  the  thigh  for  excision  of  the  femur, 
— then  the  incision  should  be  at  a  point  where  important  structures  will  not  be 
divided.  A  great  length  of  a  functionally  important  bone  should  not  be  ex- 
cised, unless  it  can  be  done  subperiosteally,  or  unless  it  can  be  supplemented 
by  the  grafting  of  either  a  parallel  bone  or  bone  from  an  outside  source. 
In  young  patients,  and  to  a  surprising  degree  in  older  patients,  there  will  be 
a  sufficient  regeneration  of  bone  from  the  periosteum  to  furnish  an  adequate 
bony  structure.  A  full  appreciation  of  these  facts  of  regeneration  and  bone- 
grafting  will  save  manj^  limbs  from  amputation.  It  is  important  to  know  that 
one  may  thus  excise  an  entire  long  bone,  leaving  behind  the  epiphyseal  lines, 
and  eventually  secure  a  satisfactory  restoration  through  periosteal  repair. 

Arthroplasty. — A  discussion  of  excisions  and  resections  will  deal  chiefly, 
as  has  already  been  stated,  with  the  joints.     The  operation  is  done  for  the 
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cure  of  disease,  for  the  correction  of  deformity,  or  for  tlie  relief  of  ankylosis. 
When  the  operation  is  done  for  cHsease,  the  surgeon  is  confronted  liy  two  prop- 
ositions: First,  the  disease  must  be  cured:  and,  second,  a  movable,  serviceable 
joint  should  be  left  at  the  site  of  the  original  articulation.  The  second  proposi- 
tion, which  is  i)resented  likewise  in  the  operation  for  ankylosis,  has  heretofore 
been  ver)'  difhcult  to  meet  successfully,  since  it  means  the  restoration  of  mo- 
tion, after  most  of  the  normal  articular  elements  ha^'c  been  destroyed  or  re- 
moved. A  flexible  fibrous  union  between  the  ends  of  the  divided  bones  has 
been,  until  recently,  the  best  rt'sult  that  has  been  possible.  This  result  is  more 
certainly  obtained  when  a  subperiosteal  resection  is  made,  yet  this  unfortu- 
nately cannot  usually  be  done,  and  it  is  not  always  possible  to  control  either 
the  firnmess  or  the  flexibility  of  such  a  union  even  when  subperiosteal  resection 
has  been  accomplished. 

Murphy  (Journal  uf  American  Medical  Association,  May  20th,  1905)  has 
studied  this  subject  with  the  object  of  determining  the  practicability  of  restor- 
ing to  the  patient  a  movable  functionating  joint  provided  with  a  synovial  mem- 
brane. A  close  analogy  has  been  demonstrated  between  the  evolution  of  hy- 
gromata  (acquired  sacs  lined  with  endothelium)  and  the  normal  embryological 
development  of  joints.  Joints  are  primarily  formed  without  a  cavity,  this  feat- 
ure being  developed  as  a  result  of  a  splitting  or  liciuefaction  of  cartilaginous  or 
connective-tissue  elements  between  the  cartilages.  Bursa'  arc  formed  liy  the 
same  splitting  between  fat-ca])sules  on  aponeurotic  mesoblastic  tissue.  The 
fat-capsules  coalesce,  the  fat  is  absorbed,  an  increase  or  hyperplasia  takes 
place  in  the  connective-tissue  elements,  and  a  degeneration-liquefaction  results 
in  the  development  of  collagen,  \\hich  subsequently  forms  the  fluid  in  the  cavity 
of  the  bursa.  The  newly  developed  cavity  is  Uned  by  cells  which  appear  as 
flattened  endothelial  cells  and  are  in  fact  transformed  connective-tissue  cells. 

These  facts  have  been  used  for  the  artificial  production  of  hygroma  sacs 
between  bone  ends,  and  it  has  been  shown  that  such  a  cavity  lined  with  epithe- 
lium can  be  develoi)ed  by  transplanting  between  the  hones  a  flap  of  fat-bearing 
connective  tissue.  This  methotl  is  applicable  to  the  mandibular,  hip,  shoulder, 
elbow,  knee,  and  other  joints. 

The  use  of  the  method  will  necessarily  involve  a  careful  stutly  of  all  patho- 
logical conditions  presented  by  the  intlividual  case.  Ankylosis,  for  example, 
may  be  the  result  of  extracapsular,  capsular,  or  osseous  disease;  or  the  joint 
limitation  may  be  due  to  the  effects  of  a  combination  of  these  lesions.  It  may 
therefore  be  necessary  to  elongate  tendons,  resect  tendon  sheaths,  excise  scars, 
or  resect  the  capside,  before  undertaking  that  portion  of  the  operation  which 
concerns  the  development  of  the  joint. 

The  jirinciples  involved  in  the  operation  for  ankylosis  from  adhesive  syno- 
vitis are  given  in  the  following  quotation  from  Dr.  Murphy's  original  article: 

"Ankylosis  from  adhesive  synovitis,  with  fixation  of  the  ca]isiile  to  thehead 
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aiul  neck  (if  tlic  lioiic,  ;uul  witli  tlic  siil)sc(|iiciil  cdiil  rarlidii  ;uiil  cicalriziitidii 
of  tlic  capsule,  ]>r()niisc)<  excellent  fes\ilts,  if  the  capsule  l)e  cdinpletely  excised 
and  witli  it  the  closely  attached  ligaments.  The  head  and  the  neck  of  the 
bone  shduld  then  he  suiToimdod  by  an  aponevu'osis  or  nuiscle,  to  jH-event  the 
roforniing  of  adhesions.  The  mere  division  of  the  cai)snle,  without  its  e.xsec- 
tion,  does  not  tend  to  produce  a  faA'orable  result,  as  it  reunites  and  so  fixes 
the  joint.  It  must  lie  borne  in  mind,  as  a  princi]>le  in  all  of  these  oijcrations, 
that  the  joint  should  permit  of  fi-ee  motion  and  should  be  independent  of  severe 
tension  of  tendons,  capsule,  or  ligaments.  If  there  be  great  tension  under 
anaesthesia,  there  will  be  tension  and  pain  beyond  the  alnlity  of  the  patient 
to  tolerate  when  the  effect  of  the  ansesthesia  has  subsided.  In  all  of  these 
operations,  liberation  of  the  articulation  should  be  to  the  degree  of  easy,  flail 
motion,  rather  than  to  restricted  and  limited  mobility.  In  the  knee,  when 
the  cajisule  and  periarticular'  tissues  are  involved  in  pathological  processes,  the 
posterior  hamstring  tendons  and  (juadriceps  and  patellar  tendons  with  the 
crucial  ligaments  are  the  only  attachments  that  should  be  allowetl  to  remain 
at  the  time  of  the  operation.  All  the  other  ligaments  and  the  capsule  should 
be  carefully  dissected  and  removed,  and  the  flaps  so  arranged  that  these  liga- 
ments will  not  be  reproduced.  If  the  capsular  ligaments  of  the  joint  alone  be 
divided  and  a  nuiscle  or  aponeurosis  interposed,  the  miion  through  this  nuis- 
cular  aponeurosis  will  become  so  strong  and  firm  before  the  joint  atlmits  of 
painless  passive  motion  that  passive  or  active  motion  will  be  impossible.  A 
point  to  be  remembered  in  arthroplasty  is  that  the  flaps  receive  nutrition  rapidly 
from  the  rich  \'asculai-  supply  to  the  ends  of  the  bone,  and  that,  as  flaps  are 
made  up  principally  of  fatty  and  elastic  fibrous-tissue  elements  which  have 
but  a  slight  vascularity,  they  receive  nutriment  by  osmosis,  while  a  circulation 
is  developing. 

"After  such  an  operation  the  limb  should  be  put  up  in  a  position  of  abduc- 
tion and  hyperextension,  as  the  adductor  and  flexor  nuiscles  are  the  stronger 
and  are  usually  the  ones  that  are  contracted. 

"Failure  has  resulted  from:  (1)  The  insufficient  or  defective  exsection  of 
the  synovial  membrane,  capsule,  and  ligaments;  (2)  insufficient  interposition 
of  fat  and  aponeurosis,  or  of  fat  antl  muscle,  between  the  sej^arated  bony  sur- 
faces; (3)  infection;  (4)  sensitiveness  to  pain  on  motion  after  operation. 

"When  a  bony  ankylosis  exists,  the  bones  should  be  separated  along  the 
line  of  union  and  the  bone  entls  trinmietl  off  sufficiently  to  give  perfectly  free 
flail  movement  before  interposing  the  flap.  Any  bony  prominences,  wlfich 
might  act  as  a  bony  stop  in  the  new  bony  relationship,  should  l^e  removed." 

The  following  case  report  b^^  Dr.  Murphy  will  serve  best  as  a  tlescription  of 
the  operation  recommended  for  the  knee  joint.  This  patient  had  suffered  from 
an  ankylosis  of  both  knees  following  generalized  articular  trouble,  which  had 
kept  him  in  bed  for  six  months. 
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Case  Report;  Operation  (October  5th,  1901). — The  usual  preparations  were 
made.  Esmarch's  con.strictor  was  placed  around  the  thijih  and  a  vertical  incision 
was  made  over  the  outer  side  of  the  right  knee  from  six  inches  abo^'e  to  three  inches 
below  the  joint.     The  incision  was  deepened  and  the  capsule  of  the  joint  was  opened. 

The  i>atella  was  freed,  on  the  outer  side,  from  fibrous  adhesions  to  the  femur 
with  scalpel  and  chisel,  and  a  second  vertical  incision  four  inches  long  was  made 
over  the  inner  side  of  the  joint,  which  was  opened.  The  ])atella  was  then  freed 
on  its  inner  side  from  the  articular  surface  of  the  femur.  The  ligamentum  jiatelUp 
was  not  divided.  The  patella  was  elevated,  the  knee  fiexed,  and  the  adhesions 
between  the  tibia  and  femur  were  di^•ided  to  give  free  motion  in  the  joint.  A  large 
flap  of  fascia  lata,  ^nth  a  thin  layer  of  muscle  attached,  was  di.ssected  from  the 
outer  surface  of  the  vastus  extcrnus,  its  base  being  below  and  anterior.  Fig.  208 
shows  flaj)  dissected  down,  but   attached  jwsteriorly.     The  flap  was  then  turned 


Fig.  20S. — Arthroplastic  Operation  for  .\nkylo.sis  of  Knee.  Showing  flap  carried  across  knee  joint 
and  covering  the  lower  end  of  tlie  fenmr.  a.  Flap  oo\'ering  end  of  tlie  femur;  b,  base  of  fiap;  c,  fat; 
/,  retracted  fascia. 


over  the  outer  condyle  of  the  femur  and  drawn  through  the  jtiint  between  the  two 
bones  by  means  of  heavy  catgut  sutures,  previously  passed  through  its  free  edge 
and  through  the  fibrfius  ca]isule  on  the  inner  side  of  the  joint.  The  sutures  were 
tied  in  the  inner  incision.     (Fig.  208.) 

A  small  flap  of  fascia  covering  the  vastus  was  dissected  free  in  like  manner  and 
was  placed  between  the  jiatella  and  the  femur.  The  flai^  was  secured  to  the  caji- 
sule  with  catgut  sutures.  The  Esmarch  bandage  was  removed  and  the  bleeding 
points  were  secured.  Subcuticular  catgut  sutures  were  used  to  close  skin  wounds. 
A  small  drain  was  left  in  the  u])]ier  angle  of  the  external  wound.  Dressings  and 
bandages  were  ajijilied.  The  knee  was  immobilized  in  full  extension  by  means  of 
a  posterior  moulded  cast  of  plaster  of  Paris. 

Result. — Con-\-alescence  after  o])eration  was  uneventful  and  the  wounds  healed 
by  jjrimaiy  union.  The  cast  was  removed  permanently  after  three  weeks.  The 
joint  was  massaged  and  ])ut  through  passi\'e  motions  each  day  after  the  first  week. 
On  November  13th,  the  jiatient  was  anaesthetized  and  the  knee  forcibly  fiexed  and 
extended  several  times. 
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The  princl]ik>s  involved  in  the  opcratidn  f<ii-  ankylosis  of  the  liij)  arc  ajiven 
in  the  followino;  dcscrijition  of  Murpliy's  Case  IV.: 

This  operalion  for  relief  of  the  ankylosis  was  ])erfonne<l  Afay  2d,  190.3.  The 
usual  i!se]:)tic  iii'e])arations  of  the  rislif  hi|)  and  thifih  were  made.  A  U-sha])ed  in- 
eision  was  made,  five  inches  wide  with  its  hase  u]iward,  beginning  hmr  inches  above 
the  trochanter  and  extendinu:  downward  two  inches  below  it.  The  trochanter  was 
exactly  in  the  centre  of  tlie  I'.  The  incision  was  through  the  skin,  superficial  fat, 
and  fascia  lata,  and  these  tissues  were  dissected  u])ward  as  one  flajj.  A  long  curved 
needle,  threaded  with  heavy  silk,  was  passed  around  the  base  of  the  trochanter 
beneath  the  nniscles  attached  to  it,  and  Ijy  means  of  this  carrier  a  chain  saw  was 
brought  into  ))osition.  The  trochanter  was  then  sawn  off  and  retracted  upward. 
The  cajisule  of  the  joint  was  next  incised  and  separated  from  the  ilium  all  the  way 
around.  The  attachment  of  the  gluteus  maximus  was  not  disturbed.  The  bone 
was  examined,  and  the  neck  of  the  femur  was  found  to  be  continuous  \\ith  the  mar- 
gin of  the  acetabulum  liy  firm  bony  union.  The  formation  of  a  new  head  fen'  the 
femur  and  a  new  acetaltular  cavity  was  the  next  steiJ  in  the  oj^ei-ation  and  was 
accomplished  in  the  following  manner:  The  bony  ti.ssue  filling  the  acetabtUum  was 
chi.selled  free  from  the  latter  by  following  around  its  margin  (the  line  of  junction 
with  the  neck)  with  a  carpenier's  curved  chisel  one  inch  and  a  half  in  diameter. 
The  chisel  each  time  was  driven  in  ol)li(|uely  toward  the  fossa  acetabuli,  the  object 
of  this  being  to  make  the  new  femoral  head  as  nearly  spherical  as  jiossible.  When 
the  chiselling  jjrocess  was  comjileted,  the  new  head  was  entirely  separated  from  the 
sides  of  the  acetabulum  and  was  attached  only  at  the  bottom  by  a  narrow  bridge 
of  bone.  The  bridge  was  fractured  by  forcible  abduction  of  the  limb,  after  which 
the  head  was  dislocated  from  the  cavity  by  external  rotation  of  the  thigh.  The 
shajie  and  contour  were  almost  exactly  those  of  a  normal  femoral  head,  except 
for  a  few  sharp,  bony  projections  which  were  removed  by  means  of  a  l)one-cutting 
forceps.  Examination  of  the  acetabulum  showed  that  the  opening  at  the  l.iottom, 
through  which  the  necrotic  bone  had  been  removed  at  an  earlier  o]3eration,  was 
entirely  closed  by  a  deposit  of  new  bone.  A  curette  was  used  to  smooth  off  the 
irregtdarities  produced  by  the  chisel  and  to  enlarge  the  cavity.  The  fascia  lata 
which  formed  a  part  of  the  original  U-shaped  flap  was  now  dissected  away  from 
the  subcutaneous  fatty  tissue  down  to  its  base,  where  the  vessels  entered  to  supply 
it  with  blooch  The  flap  of  fascia  was  then  drawn  down  under  the  head  of  the  femur 
and  carefully  fitted  into  the  acetabular  cavity  to  form  a  complete  lining  for  it. 
The  under  surface  of  the  flap,  one-half  inch  from  the  edge,  was  sutured  to  the  joint 
capsule  around  the  acetabular  margin  with  interi-upted  catgut  sutures  to  secure  it 
and  to  prevent  its  subsec[uent  displacement.  The  new  socket  being  in  readiness, 
the  head  of  the  femur  was  returned  to  its  normal  position  by  extension  and  adduc- 
tion of  the  thigh.  It  was  found  to  fit  accurately  and  it  could  not  be  dislocated 
by  any  of  the  ordinary  motions  of  moderate  degree.  The  free  border  of  the  fascial 
flap,  which  projected  from  the  margin  of  the  acetabulum,  was  now  sutured  with 
interrupted  catgut  sutures  to  the  periosteum,  and  the  capsule  was  attached  to  the 
neck  of  the  femur.  The  flap  was  amply  large,  so  that  it  completely  covered  the 
head  and  came  well  up  upon  the  neck  without  tension.  (I  consider  this  a  very 
important  point ;  the  entire  articular  surfaces  of  the  head  must  be  covered  by  fascia 
if  we  are  to  expect  a  good  functional  result,  and  the  same  ap]3lies  to  other  joints.) 
The  great  trochanter  was  brought  down  to  its  normal  position  and  accurately  se- 
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cured  with  t\\-o  aluminum-bronze  wire  sutures.  The  skin  flap  was  replaced  and 
sutured  with  liorsehair.  No  drainage  was  used.  Because  of  the  contraction  of 
the  fie.xors  and  adductors  of  the  thigh,  extension  and  abduction  were  limited  and 
were  accomplished  only  by  the  use  of  considerable  force.  The  contraction  was 
overcome  by  forcibly  stretching  the  muscles,  using  the  thigh  as  a  lever  and  at  the 
same  time  exerting  with  the  edge  of  the  hand  strong  pressure,  combined  with  a 
sawing  motion,  over  them  near  their  point  of  origin,  after  the  Lorenz  method.  The 
sartorius  was  divided  with  the  scalpel  close  to  its  attachment  to  the  anterior  supe- 
rior spine  of  the  ilium.  To  retain  the  limb  immobilized  until  the  firm  union  of 
the  parts  had  been  secured,  a  plaster  cast  was  applied,  including  the  pelvis  and 
entire  limb  in  full  extension  and  abduction. 

One  year  later,  this  i)atient  was  aljle  to  walk  without  crutch  or  cane,  the  motion 
in  the  joint  was  free  and  of  normal  extent  and  unaccompanied  by  pain. 


Fio.   200. — -\rthroplastic   Operation   on    the  Elbow  Joint,     n.   Fat-bearing    fa.scial   fiap;    h,   flap  be- 
fore it  is  displaced  into  joint;  c,  c,  fiap  sutured  to  periosteiun;  d,  saw-line  through  olecranon. 

The  operation  on  the  clljow  is  done  through  a  ])ostei'ior  metlian  incision  six 
inches  long.  The  fascial  flap  is  removed  from  the  posterior  surface  of  the  triceps 
muscle.     (Fig.  209.) 

Dr.  ilurphy  has  stated  in  a  recent  communication  tliat  this  method  of 
operating  has  not  been  materially  changed  tluring  the  past  two  years.  An 
increased  experience  has  emphasized  the  importance,  however,  of  inchuling  a 
liberal  layer  of  fat  in  the  flap,  of  extensively  excising  the  ligaments,  and  cf 
establishing  free  motion  at  the  time  of  operation. 

The  ^le^•elopment  of  this  method  for  the  restoration  of  a  true  joint  after 
excision  of  the  joint  .structures  marks  an  advancement  in  the  excision  of  dis- 
eased joints,  the  importance  of  which  can  scarcely  be  estimated.  The  prin- 
ciples involvetl  must  henceforth  be  taken  into  consideration  in  all  joint  opera- 
tions where  ank}'losis  or  possible  restriction  of  motion  may  result  from  disease 
or  operation. 
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SPECIAL  EXCISIONS. 

Excision  of  the  Superior  Maxilla, — Excision  (if  tlic  upper  jaw  will  be  re- 
quired for  a  miinlx'r  of  conditions,  and  may  be  partial,  total,  or  temporary. 

The  development  of  new  growths  will  furnish  the  most  frequent  indica- 
tion for  the  operation.  Fibromata,  sarcomata,  carcinomata,  enchondromata, 
dentigerous  cysts,  osteomata,  and  adenomata  are  the  forms  of  tumors  which 
are  to  be  consiilered.  Necrosis  from  sup])in-ative  disease  may  demand  a  par- 
tial resection.  Tumors  in  the  naso-pharynx  or  at  the  base  of  the  skull  may 
require  temporary  resection  of  the  jaw  for  their  ex]:)osure.  It  will  not  be  pos- 
sible to  discuss  in  this  place  the  differential  diagnosis  of  the  above-mentioned 
tumors;  but  it  is  a  matter  of  very  evident  importance  to  decide  definitely  upon 
the  seat  of  origin,  the  extent  of  tlevelopment,  and  the  nature  of  the  growth 
before  deciding  upon  excision.  A  malignant  growth  may  develop  entirely 
behind  the  antrum  and  push  its  way  forward  through  this  cavity,  and  in  many 
instances  the  disease  will  be  found  entirely  inoperable  at  the  time  when  the 
patient  first  presents  hims(>lf  with  a  tumor  of  the  ui)|)er  jaw.  The  writer  has 
recently  seen  a  case  which  seemed  to  present  conditions  favorable  to  excision; 
yet  a  history  of  polyp,  removed  some  months  previously  from  the  posterior 
portion  of  the  nasal  passage  on  this  side,  and  the  presence  of  an  exophthalmos, 
introduced  a  suspicion  of  a  tleep-seated  tvunor.  An  exploratory  opening  was 
therefore  made  through  the  anterior  wall  of  the  antrum,  and  there  was  revealed 
a  large  cavity  which  extended  backward  to  the  base  of  the  skull.  The  con- 
dition was  clearly  inoperable,  and  the  patient  was  saved  a  very  extensive 
operation.     (Consult  also  the  article  on  Diseases  of  the  Jaws,  Vol.  V.) 

The  chief  obstacles  which  are  encountered  in  any  one  of  the  operations 
about  to  be  ilescribed,  arc  furnished  by  the  high  tlcgree  of  vascularity  of  the 
region  and  the  difficulty  in  administering  an  ana-sthetic. 

The  question  of  hemorrhage  calls  for  special  consideration,  both  because 
of  the  loss  of  blood  which  may  occur  at  the  time  of  operation,  and  because  of 
the  aspiration  of  blood  into  the  lungs,  which  has  always  been  a  most  dreaded 
complication  in  this  operation.  Preliminary  tracheotomy  and  tamponing  of 
the  pharynx  will  insure  good  ana-sthcsia  and  will  effectually  prevent  aspii'a- 
tion  of  blood  into  the  lungs,  but  this  operation  possesses  definite  dangers  of 
its  own  and  is  not  to  be  recommended.  The  tlependent  position  of  the  head, 
according  to  Rose,  has  also  been  used  as  a  means  of  prc^•cnting  the  asjiiration 
of  blood;  but  this  position  materially  increases  the  flow  of  blood  to  the  region 
and  renders  the  field  of  operation  rather  inaccessible,  and  is  therefore  rarely 
used. 

Preliminary  ligation  of  the  external  carotid  artery  has  become  the  method 
of  choice  in  controlling  hemorrhage.     It  is  not  a  dangerous  operation  and  it 
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will  usually  control  the  lilood  supply  satisfactorily.  It  may  he  stateil,  further, 
that  the  operation  of  excision  of  the  upper  jaw  for  malignant  tlisease  cannot 
be  considered  to  be  complete  without  a  thorough  dissection  of  the  lymphatics 
of  the  submaxillary  triangle,  and  the  external  cai-otid  can  be  easily  ligated  as 
one  step  in  this  operation.  Temporary  com]iression  of  the  carotid  arteries,  as 
has  been  suggested  by  Crile,  will  undoubtedly  supersede  ligation  in  some  cases, 
since  it  makes  possible  the  i^erformance  of  a  bloodless  operation  without  perma- 
nent damage  to  the  arterial  supply. 

Aspiration  pneumonia  is  very  greatly  influenced  by  the  nature  of  the  an- 
sesthesia.  A  profound  anaesthesia  is  to  be  avoided,  since  even  with  the  great- 
est care  some  blood  is  almost  certain  to  find  its  way  into  the  pharynx,  and 
then  aspiration  will  take  place.  The  ana'sthesia  of  choice  for  the  operation 
will  be  one  that  will,  in  so  far  as  possible,  prevent  pain,  yet  will  at  the  same 
time  preserve  the  reflexes  of  the  respiratory  passages.  The  best  results  will 
be  obtainetl  by  a  morphine-chloroform  or  morphine-ether  narcosis.  A  hypo- 
dermic injection  of  one-fovuth  or  even  one-half  a  grain  of  morphine  is  given 
one-half  hour  before  operation.  The  patient  is  then  fully  ana'sthetizeil  with 
chloroform  or  with  ether  at  the  time  of  operation,  the  mask  is  removed  when 
all  is  ready  for  the  first  incision,  and  the  operation  is  completed  without  re- 
applying the  mask.  In  this  way  the  patient  will  be  entirely  anaesthetized  at 
the  time  of  incising  the  skin  and  during  the  dissection  of  the  skin  flap,  but  for 
the  remainder  of  the  operation  he  will  lie  in  a  semi-conscious  condition,  and 
the  reflexes  will  be  sufticit-ntly  active  to  cause  him  promptly  to  expectorate 
any  blood  that  may  find  its  way  into  the  jiharynx.  The  patient  will  further- 
more be  able  to  lend  valuable  aid  by  changing  his  position  at  the  suggestion 
of  the  surgeon.  He  suffers  very  little  pain  during  the  operation,  but  may 
object  somewhat  when  the  sutures  are  applied. 

A  semi-reclining  position  will  greatly  aid  the  patient  in  keejiing  his  throat 
clear. 

The  Oper.\tio.v. — Before  undertaking  either  a  partial  or  a  total  resection 
of  the  jaw,  it  is  indispensable  that  the  anatomical  elements  involved  shoukl  be 
given  careful  attention.  Lines  of  incision  should  be  used  which  will  give  scars 
that  are  not  only  inconspicuous,  but  that  will  not  interfere  with  the  jilay  of 
the  features.  The  course  and  the  distribution  of  the  facial  nerve  should  receive 
full  consideration.  Stenson's  duct  must  be  avoided,  as  it  passes  from  the  par- 
otid gland  to  empty  into  the  mouth  opposite  the  second  molar  tooth.  The 
course  of  the  duct  will  be  indicated  by  a  line  drawn  from  the  lobe  of  the  ear 
to  a  point  midway  between  the  ala  of  the  nose  and  the  border  of  the  upper 
lip.  The  anatomy  of  the  bone  can  be  reviewed  at  a  glance,  by  the  aid  of  a  dry 
skull,  and  the  lines  of  bone  section  necessary  for  its  removal  are  sufficiently 
indicated  in  Fig.  210. 

A  great  variety  of  incisions  have  been  reconmiended  for  exposing  the  upper 
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jaw  for  oxfision;  l)ut  tlicrc  is,  in  rculily,  only  one  dicIIkkI  of  ])crfoi'iiiini;'  the 
resection  proper.  Lizar  and  X'elpeau  made  a  curved  incision  from  liie  angle  of 
the  mouth  upward  and  outward  to  the  mahir  jirocess  and  then  over  to  tlie  angle 
of  the  orbit,  (aa  ,  Fig.  211.)  Li.ston  madea  .similar,  but  straight,  incision,  which 
was  extended  wIwm  necessary  ainng  the  zygoma,  (cc  ,  Fig.  211.)  Tliese  in- 
cisions are  open  to  the  very  serious  objection  tliat  they  exj)ose  both  Stenson's 
duct  and  the  facial  nerve  to  injvny,  and  they  leave  considerable  disfigurement. 
The  incision  of  Fergusson  {hb  ,  Fig.  211)  possesses  many  advantages  over 


Fig.  210. — Excision  of  tlie  Upper  and  Lower  Jaw.s.  a,  b,  c,  Lines  of  bone  section  in  total  excision 
of  the  upper  jaw;  e,  c,  lines  of  bone  section  in  partial  excision  of  tlie  upper  jaw;  k,  excision  of  tiie 
alveolar  border;  k,  Esmarcli's  wedge-shaped  resection  of  the  lower  jaw  for  ankylosis;  m,  saw  line  in 
resection  of  lower  jaw.      (Original.) 


all  other  incisions  and  is  almost  without  exception  the  incision  recommended 
by  sui'geons.  After  the  posterior  nares  have  been  pluggetl  and  the  arte- 
ries of  the  lip  have  been  secured  on  both  sides  by  the  application  of  medium- 
sized  serre-fine  clips,  an  incision  is  made  through  the  median  line  of  the  upper 
lip,  thence  close  around  the  ala  of  the  nose,  up  along  the  side  of  this  organ  to 
the  inner  canthus,  and  outward  along  the  lower  border  of  the  orbit  as  far  as 
the  malar  prominence.  A  brisk  hemorrhage  will  follow,  but  this  can  be  easily 
controlled  by  pressure;  and,  if  a  gauze  dressing  has  been  placed  inside  the  lips 
before  the  incision  was  begun,  no  blood  will  get  into  the  mouth.  The  flap, 
thus  outhned,  is  rapidly  dissected  outward  close  to  the  bone,  and  all  hemor- 
rhage may  then  easily  be  controlled.     The  ala  of  the  nose  having  been  separated 
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P^IG.21 1. — Excision  of  the  Upper 
Jaw.  (After  Bryant.)  aa',  The 
Lizar  and  Velpeau  incision;  bb', 
tlie  Fergusson  incision;  cc',  Lis- 
ten's incision. 


from  the  bono,  and  the  periosteuni  of  tlu-  orbit  having  been  elevated,  it  will 

be  found  that  the  bony  surface  of  the  upper  jaw  is  thoroughly  exposed. 
The  malar  process  of  the  superior  maxilla  is 

now  divitled  with  bone-forceps  or  by  a  saw,  just 

in  front  of  the  origin   of   the    masseter  muscle, 

the  eye  being  protected  by  the  index  finger  of  the 

operator's  left  hand  placed  on  the  margin  of  the 

orbit.     (Figs.  210  and  212.)     Tliis  bone  section  is 

on  a  line  with  the  spheno-maxillary  fissure.     The 

thin   floor   of  the  oi'bit  is  next  divided  with   a 

scalpel  from  the  inner  end  of  the  splieno-maxillary 

fissure  forward  to  the  nasal  process,  and  this  proc- 
ess is  divided  with  bone-forceps.     The  attention 

is  now  directed  to  the  interior  of  the  mouth,  where 

the  mucous  membrane  is  divided,  first  transversely 

along  the  line  of  junction  between  the  hard  antl 

soft  palates,   then  along  the   median   line.     The 

mucous  membrane  of  the  nose  is  likewise  divided 

by  a   longitudinal  incision   made    alongside   the 

septum.  The  hard  palate  is  then 
divided  antero-posteriorly  with  a 
metacarpal  saw  along  the  fine 
of  this  na.sal  incision.  All  bony 
connections  have  now  been  di- 
vided, and  the  body  of  the  jaw 
is  seized  with  lion-jaw  forceps 
and  by  a  combined  rocking  and 
twisting  motion  the  bone  is  very 
I'ajjidly  torn  away  from  all  pos- 
tei'ioi'  connections.  A  very  brisk 
hemorrhage  will  follow  imme- 
diately, and  a  serious  loss  of 
blood  will  occur  unless  an  assist- 
ant is  ready  to  jjlug  the  cavity 
at  once  with  a  large  gauze  dress- 
ing. This  plugging  of  the 
Fin,  2i2.-Excision  of  tiie  Superior  Maxilla,    (.\fter    ^avity   should  be  vcry  firm   and 

Bryant.)     The  soft    tissues  ha\e  been    reflected    in   a      should    be    SUIjplementecl   bv  COn- 

flap  made  bv  the  Fergusson  incision,  and  the  bony  con-         ■  i      i  i  a  r j. 

nections  are"  about  to  be  divided.  ^'""^'.l    hand    prcssurc.     After   a 

few  minutes  the  packing  is  grad- 

uall\-  removeil  in  layers,  and  bleeding  points  are  secured  as  they  are  uncovered. 

In  some  instances  it  may  be  deemed  wise  to  leave  the  pterygoid  process, 
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together  witli  its  attached  muscles,  undisturbed.  When  it  is  not  to  lie  removed, 
tile  flap  is  i'orciljly  pulled  backward,  the  soft  tissues  are  sejiaratcd  from  with- 
out, as  far  back  as  the  pterygoid,  and  tlie  bony  process  is  chiselled  oil  from 
without. 

Should  any  cancerous  tissue  renKiin  bcliind  after  the  jaw  has  been  excised, 
it  should  be  removed  by  means  of  the  rongeur  forceps,  by  sharji  dissection,  or, 
as  has  been  suggested  by  Jacobson,  by  the  aj)plication  of  a  zinc-chloride  paste 
made  up  with  equal  parts  of  flour. 

The  wountl  is  now  completely  closed  by  suture,  with  or  without  drainage. 
The  after-treatment  of  the  wound  is  greatly  facilitated,  in  those  cases  in  which 
the  mucous  membrane  over  the  hard  palate  is  not  involved,  by  making  the 
incision  just  inside  the  alveolar  border  and  separating  it  from  the  palate  as 
far  as  the  middle  line.  This  will  make  it  jjossible  to  .suture  the  nuicous  mem- 
brane of  the  mouth  to  the  line  of  incision  in  the  inner  siile  of  tlie  cheek,  and 
the  wound  cavity  can  be  excluded  from  the  mouth. 

The  wound  cavity,  however,  is  almost  certain  to  become  infected  and  foul, 
and  provision  must  be  made  for  free  irrigation.  The  after-treatment  should 
be  conducted  with  the  patient  in  the  sitting  posture,  to  facilitate  drainage  of 
the  cavity;  and  the  latter  should  be  irrigated  twice  daily  with  normal  salt 
solution  or  with  a  solution  of  potassium  permanganate.  Mouth-washes  should 
be  used  freely  in  the  interval.  The  most  efficient  irrigation  will  be  accom- 
plished by  passing  a  soft-rubber  catheter  as  far  as  to  the  apex  of  the  cavity 
and  allowing  a  liberal  quantity  of  the  solution  to  flow  through  it  from  a  foun- 
tain syringe,  as  the  patient  bends  over  a  basin. 

For  a  few  days  the  patient's  diet  shoukl  be  limited  to  fluids,  and  these  should 
be  taken  through  a  soft  tube.  Healing  of  the  face  womid  usually  takes  place 
very  promptly  and  without  scarring;  the  disturbed  sensation  is  slowly  regained, 
and  the  disfigurement  is  not  great.  Speech  will  be  faulty  because  of  the 
hole  in  the  hard  jjalate,  but  this  can  be  remedied  by  wearing  a  plate  over  the 
opening.  Furthermore,  a  skilled  dentist  can  improve  very  greatly  the  disfig- 
urement which  results  from  the  sinking  in  of  the  cheek.  When  the  operation  has 
been  done  for  mahgnant  disease,  plates,  which  may  cause  continued  irritation 
or  pressure,  should  not  be  kept  applied  for  any  considerable  period  of  time. 

The  primary  results  from  the  operation  are  usually  good,  since  death  rarely 
results  from  the  operation  alone.  The  ultimate  results  as  to  cure,  deformity, 
and  speech  will  be  good  in  the  non-malignant  cases;  but  this  cannot  be  said 
regarding  operations  performed  for  the  eradication  of  a  sarcoma  or  a  car- 
cinoma. The  disease  has  usually  extended  so  far,  before  the  patient  applies 
for  operative  relief,  and  the  probability  that  some  extensions  of  the  disease 
will  be  left  behind  is  so  great,  that  recurrence  is  extremelj'  likely  to  occur. 
When,  therefore,  it  is  evident,  upon  examination,  that  the  disease  has  extended 
beyond  the  limits  of  the  maxilla,  the  operation  should  not  be  undertaken. 
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Subperiosteal  Excision. — When  excision  is  done  for  non-malignant  condi- 
tions, the  periosteum  should  be  left.  So  far  as  its  essential  principles  are  con- 
cerned, this  operation  does  not  tlilTer  greatly  from  that  already  described. 
The  Fergusson  incision  (or  the  perpendicular  median  portion  alone  of  this 
incision)  is  again  the  incision  of  choice;  but  Ollier's  incision,  beginning  over 
the  malar  bone  and  extending  to  the  upper  lip,  one-third  of  an  inch  from  the 
angle  of  the  mouth,  is  preferred  by  some  operators.  The  skin  flap  is  very  care- 
fully separated  from  the  external  surface  of  the  bone  by  a  ixn-iostcal  elevator. 
The  mucous  membrane  on  the  outer  suface  of  the  alveolar  border  is  then  di- 
vided down  to  the  lione  from  the  incisor  or  canine  tooth,  in  front,  to  the  last 
molar  behind.  This  incision  is  continued  around  the  last  molar  and  back 
along  the  inner  surface  of  the  alveolar  border  to  a  point  directly  opposite  the 
point  of  beginning.  A  supplementary  incision  following  the  course  of  the  pre- 
maxillary  suture  is  continued  to  the  median  line  of  the  hard  palate.  The 
periosteum  is  now  separateil  from  all  surfaces  of  the  bone,  and  the  connections 
between  the  hard  and  soft  palates  are  divided.  The  remaining  steps  of  the 
operation  are  identical  with  those  already  described  in  the  non-subperiosteal 
operation.  The  wound  left  by  such  an  operation  can  be  more  easily  managed 
and  the  results  are  in  every  way  very  much  better,  since  a  considerable  regen- 
eration of  bone  occurs,  and,  even  when  this  fails  to  take  place,  a  firm  connective- 
tissue  support  is  given  to  the  tissues. 

Partial  Excision. — A  partial  excision  of  the  upper  jaw  will  be  demanded  for 
the  relief  of  hmited  disease  of  the  bone.  This  operation  will  be  of  necessity 
atypical  in  its  nature  and  in  every  instance  will  be  designed  to  meet  the  re- 
quirements of  the  individual  case.  The  bone  may  be  exposed  and  excised 
through  incisions  made  wholly  within  the  mouth,  or  the  same  external  excisions 
that  have  been  described  above  may  be  used.  The  amount  of  bone  removed 
will  varj'  greatly.  A  transverse  saw  hne  may  be  used,  just  below  the  border 
of  the  orbit,  or  below  the  infraorbital  foramen  (e,  Fig.  210),  or  it  may  be  neces- 
sary to  remove  the  outer  wall  of  the  antrum  alone,  or  the  alveolar  border  of 
the  bone  alone.  (H,  Fig.  210.)  The  excision  may  be  by  the  subperiosteal  or 
by  the  non-subperiosteal  method,  the  choice  depending  upon  the  condition  for 
which  the  operation  is  performed.  The  bone  can  be  very  advantageously  re- 
moved in  partial  excision  with  a  rongeur  forceps  or  with  chisel  and  mallet. 
The  mechanical  dentist  can  do  much  to  correct  deformity  and  defect  in  speech 
after  an  operation  of  this  type.  He  will  be  greatly  assisted  in  this  work  if  the 
canine  tooth  has  been  preserved,  since  this  tooth  not  only  gives  form  to  the 
face  from  the  front,  but  it  provides  the  best  point  of  attachment  for  mechanical 
devices. 

The  simultaneous  excision  of  both  halves  of  the  upper  jaw  is  performed  by 
an  incision  similar  to  that  recommended  by  A'elpeau,  and  running  from  the 
angle  of  the  mouth  to  the  middle  of  the  malar  bone  on  each  side.    The  entire 
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face  is  then  dissected  vii)ward  as  far  as  llir  mliit  in  one  flap,  both  niisal  processes 
are  (hvided  as  in  the  single  operation,  the  hard  palate  is  separated  from  the 
soft  palate,  and  both  jaws  are  removed.  Should  it  be  deemed  wise  to  remove 
each  half  separately,  the  hard  palate  should  he  divided  in  the  median  line  as 
in  the  opcraticin  for  the  excision  of  one  side  only. 

Dieffenbach  makes  a  vertical  median  incision  which  extends  along  the  ridge 
of  the  nose  and  is  continued  downward  through  the  upper  lip.  This  incision 
is  supplemented  by  lateral  trans\-erse  incisions  made  from  the  upper  end  of 
this  incision  and  extending  outward  to  a  point  one-half  inch  below  the  middle 
of  each  orliit. 

This  operation  will  necessarily  result  in  much  deformity,  l)ut  the  patients 
usually  recover  satisfactorily.     Fortunately,  the  operation  is  rarely  indicated. 

Osteoplastic  Resection  oj  the  Upper  Jaw. — This 
operation  is  .sometimes  performed  for  the  exposure 
of  tumors  at  the  base  of  tlie  skull.  This  may  be 
accomplished  either  from  the  face  or  through  the 
mouth,  but  it  should  be  remendjered  that  a  surgeon 
who  is  expert  in  nose  and  throat  operations  can 
usually  manage  the  operable  tumors  through  the 
nose  and  nuiuth. 

Langenbeck  has  designed  an  oi)eration  by  the 
facial  route  in  which  the  incision  begins  at  the 
inner  angle  of  the  eye  and  extends  along  tlie  lower 
border  of  the  orbit  to  the  malar  bone,  where  it  makes 
a  broad  loop  and  returns,  as  indicated  in  Fig.  213,  to 
the  ala  of  the  nose.  This  incision  is  continued  down 
to  tlie  Ijone.  The  masseter  nuiscle  is  divided  from  the  lower  border  of  the 
malar  bone,  the  soft  tissues  are  elevated  from  the  outer  and  posterior  surface 
of  the  maxilla,  and  a  narrow-bladed  saw  is  forced  through  into  the  j^harynx, 
M'here  it  is  intercepted  li)'  the  index  finger  of  the  left  hand  jaassetl  in  through 
the  mouth.  The  soft  parts  are  retracted  and  the  upper  jaw  is  now  sawed 
through  horizontally  just  above  the  alveolar  border.  (Fig.  214.)  The  soft 
parts  are  still  further  dissected  in  the  malar  region  and  the  zygomatic  arch  is 
sawed  through  in  the  middle.  The  frontal  process  of  the  malar  bone  is  now 
divided  as  far  as  to  the  spheno-maxillary  fissure,  and  the  floor  of  the  orbit  is 
divided  as  far  as  the  nasal  process.  Care  should  be  taken  not  to  injure  the 
nasal  duct.  All  bony  attachments  are  now  divided,  and  the  skin  and  bone 
flap  can  be  pried  up  and  turned  inward  to  the  median  line.  The  tumor  is  then 
removed  and  the  osteoplastic  flap  is  turned  back  into  place.  O.  Weber  modi- 
fies the  external  incision  in  this  operation  by  placing  the  base  of  the  flap  in 
the  malar  region  and  reflecting  the  flap  outward.  In  this  wa)'  the  facial  nerve 
is  less  likely  to  be  injured. 


Fig.  213. — Langenbeck's  In- 
cision for  O-steopIastic  Resec- 
tion of  tlie  Upper  Jaw. 
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These  operations  are  A'ery  bloody,  and,  as  has  ah-eady  been  stated,  the 
expert  can  usually  accomplish  the  same  result  througli  the  nose  and  mouth;  as 
a  matter  of  fact,  the  operation  is  not  generally  employed. 

Excision  of  the  Lower  Jaw. — Excision  of  the  lowei'  jaw  will  be  required 
for  necrosis,  which  has  resulted  either  from  infection  or  from  the  action  of 
phosphorus,  or  for  the  removal  of  a  tumor.  Central  saiToma  is  the  most  com- 
mon tyjie  of  new  growth  that  occurs  in  this  bone,  and  it  presents  favorable 
conditions  for  operation,  since  it  grows  slowly,  does  not  infiltrate  the  sin-round- 
ing tissues,   and  does  not  usually  cause  lyniiihatic  in\-i)lvemeut.     Particular 


Fig.  214. — Lines  of  liune  Section  in  O.steoplastie  Kesection  of  the  Upper  Jaw.      (Original.) 


attention  is  called  to  the  neces.sity  of  making  an  accurate  diagnosis  before  tle- 
ciding  ujion  an  excision.  The  writer  had  this  point  very  definitely  brought 
to  mind  by  a  case  of  dentigerous  cyst  which  had  passed  through  the  hands  of 
more  than  one  surgeon  as  a  case  of  sarcoma.  The  diagnosis  had  e\'en  been 
confirmed  by  a  micro.scopic  examination  of  adjacent  granulation  tissue  which 
revealed  giant  cells  (irritation  giant  cells);  yet  an  incision  into  the  well-marked 
central  tumor  of  the  jaw  revealed  a  tyiiical  dentigerous  cyst.  Subsequent 
microscopic  examination  of  the  thickened  tissue  which  hatl  been  removed  with 
the  cyst  showed  no  evidence  of  sarcoma;  and  the  patient  has  remained  per- 
fectly well  since  this  operation,  which  was  performed  .several  years  ago. 

The  dangers  that  have  already  been  mentioned  in  describing  the  operation 
of  excision  of  the  upper   jaw  will  be   frecjuently  encountered    in  excision   of 

the  lower  jaw.     The  aspiration  of  blood  is  perhaps  less  likely  to  occur,  but 
vol,.  IV. — 25 
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should  rccci\c  (hie  coiisidcratliiii.  Tlic  lulcs  with  ir<;aiil  Id  (he  administration 
of  tlic  aiursthetic  and  the  position  of  tlic  patient  sho\ild  lie  the  same  in  tliis 
operation  as  in  that  for  excision  of  the  vijiper  jaw. 

AMien  the  conthuiily  of  the  areh  of  the  jaw  is  not  interrupted,  we  speak  of 
tlie  operation  as  a  iKiiiial  reflection  :  wlien  a  greater  or  less  extent  of  the  arch 
of  the  jaw  is  removed,  it  is  spoken  of  as  a  complete  resectiait;  or  the  resection 
is  said  to  he  tcmpornry,  when  the  bone  is  divided  for  the  i)urpose  of  exposing 
deeper  stfuctures,  and  then  is  sutured  back  in  i)lacc.  Whenever  possible,  the 
])eriosteuni  should  be  preserved — since  a  certain  amount  of  bone  will  be  re- 
produced; and,  even  though  no  bone  lie  formed,  this  membrane  serves  as  the 
basis  for  a  firm  connective-tissue  body,  which  will  give  attachment  to  the  mus- 
cles and  serve  as  a  sui)})ort  upon  which  prosthetic  apparatus  may  be  fitted. 
It  is,  of  course,  impossible  to  preserve  the  periosteum  in  malignant  disease. 

Anatomical  Considerations. — There  are  many  anatomical  points  to  be 
remembered  in  the  course  of  this  operation.  For  exam])le,  the  facial  nerve  is 
always  in  danger  when  the  incision  extends  past  the  angle  of  the  jaw.  Also, 
the  lingual  nerve  lies  very  close  to  the  inner  surface  of  the  ramus,  while  the 
internal  maxillary,  inferior  dental,  and  external  carotid  arteries  are  in  such 
close  relationship  to  this  structure  that  they  are  liable  to  be  injured.  The 
muscles  of  mastication  should  lie  jireserved  whenever  possible,  and  great  care 
should  be  taken  to  hold  the  tongue  strongly  forward  whenever  it  becomes  nec- 
essary to  divide  the  anterior  attachments  of  the  genio-hyo-glossus  muscles, 
since  they  have  much  to  do  with  maintaiQing  the  tongue  in  position.  Should 
this  point  be  neglected,  the  patient  might  quickly  suffocate  from  the  tongue  fall- 
ing back  over  the  larynx. 

Partial  Resection. — Partial  resection  involves,  as  a  rule,  only  the  alveo- 
lar process,  but  may  extend  well  down  into  the  body  of  the  jaw  in  the  case  of 
necrosis  or  a  dentigerous  cyst.  This  operation  is  usually  performed  entirely 
within  the  oral  cavity,  and  it  is  unnecessary  to  divide  the  angle  of  the  mouth 
even  when  the  disease  is  located  well  back  toward  the  ramus,  since  the  mouth 
can  be  sufficiently  retracted.  AMien  the  operation  is  performed  for  non-malig- 
nant disease,  the  periosteum  is  carefully  elevatetl  over  the  diseased  area  and 
the  bone  is  cut  away  with  strong  bone-forceps.  The  cavity  left  is  packed 
firmly  with  jilain  gauze  for  twenty-four  hours,  then  is  treatetl  by  frecjuent  irri- 
gation with  some  bland  mouth-wash.  In  phosphorus  necrosis,  it  may  be  pos- 
sible to  excise  the  sequestrum  through  an  external  incision,  made  just  below 
the  low'er  border  of  the  jaw,  without  interfering  with  the  continuity  of  the  in- 
volucrum,  and  without  opening  into  the  cavity  of  the  mouth. 

Complete  Resection. — Complete  resection  of  a  portion  of  the  bone, .  or 
the  resection  of  an  entire  half  of  the  bone,  is  not  a  difficult  operation.  A 
complete  solid  arch  is  necessary  for  the  performance  of  function.  The  great- 
est difficulty,  therefore,  will  arise  from  the  prosthetic  viewpoint. 
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The  incisions  used  will  ho  made  cither  wholly  within  the  mouth  or  wholly 
on  the  external  surface,  or  it  may  be  found  necessary  to  employ  both  kinds 
of  incisions.  The  central  ]iortion  of  the  jaw  or  a  limited  segment  of  the 
lateral  portion  may  lie  removed  by  internal  incisions  alone;  while  the  ranuis 
or  the  portion  of  the  bone  behind  the  teeth  can  be  removed  subperiosteally 
through  an  external  incision,  without  opening  into  the  cavity  of  the  mouth. 
Complete  removal  of  the  lateral  half  of  the  lower  jaw  will  re([uire  both  a 
median  and  an  external  lateral  incision  along  the  border  of  the  jaw  (h,  Fig. 
215).  Exci.sion  for  phosphorus  necrosis  is  usually  an  easy  operation,  and 
can  be  done  either  from  within  or  from  without.  When  the  teeth  are  hope- 
lessly lost,  the  operation  shoulil  be  done  from  within;  when  there  seems  a 
chance  to  preserve  the  teeth  in  the  newly 
formed  bone  they  should  be  left  undisturbed 
and  the  sequestrum  should  be  removed  from 
below  through  an  external  incision. 

Excision  of  the  central  portion  of  the 
jaw,  even  when  the  part  to  be  removed  ex- 
tends back  as  far  as  the  angle,  can  be  most 
satisfactorily  accomplished  through  a  median 
incision  which  divides  the  lip  and  extends 
downward  as  far  as  the  hyoid  bone.  This 
incision  is  easy  to  make,  leaves  very  slight 
disfigurement,  and  eliminates  largely  the  dan- 
gers of  injury  to  the  muscles  and  nerves  of 
deglutition.  After  this  incision  has  been  made, 
a  heavj?  silk  suture  should  be  passed  through 
the  tongue  well  behind  the  tip,  and  its  two 
ends  tied  together  for  use  as  a  tractor.    This 

will  prevent  the  tongue  from  falling  backward  over  the  glottis  when  the  genio- 
hyo-glossus  muscles  are  divided.  A  tooth  is  now  drawn  at  the  site  of  the 
l)roposed  bone  section,  and  the  jaw  is  divided  with  a  Gigli  saw.  Then,  after 
the  sawed  end  has  been  drawn  forcibly  outward,  the  jjeriosteum  is  carefully 
separated  from  the  bone  until  the  site  of  the  second  bone  section  has  been 
reached. 

When  the  central  portion  of  the  bone  alone  is  to  be  resected,  a  curved  in- 
cision is  made  inside  the  mouth  along  the  line  of  the  fold  of  the  buccal  mucous 
membrane,  the  soft  tissues  are  dissected  away  from  the  outer  surface  of  the 
bone,  and  all  of  the  soft  jsarts  of  the  chin  are  pu.shed  back  beneath  the  tip  of 
the  bone.  After  the  desired  amount  of  bone  has  been  removed  by  either  one 
of  the  foregoing  methods,  hemorrhage  is  carefully  arrested,  an  interdental 
splint  (which  has  been  previously  constructed)  is  fixed  to  the  sawed  ends  of 
the  bone,  and  the  periosteum  is  sutured  over  this  mould.     It  is  very  important 


Fig.  215. — Excision  of  the  Upper  and 
Lower  Jaws,  a,  Langenbeck's  incision 
for  excision  of  the  upper  jaw;  b,  inci- 
sion for  removal  of  lower  jaw. 


388  AMERICAN    I'RACTICE   OF  SUlUM-iUY. 

tliat  tho  two  ends  of  (lie  Itmic  sliould  be  kept  properly  separated  diwiiif^  lieal- 
iiiff.  The  i)ri'S('iice  oF  a  moulded  intei-deiital  .sjilint  will  influence  the  newly  foi'in- 
ing  jaw  to  develoji  in  a  pro])er  shape.  Unless  this  precaution  is  taken  th<'re 
will  be  a  ti'ndenc\'  for  the  two  ends  of  ihe  lione  to  fall  more  and  moi'c  tof^etlier, 
thus  inlerfei-iiifj;  in  many  ways  with  the  conifoit  and  appeai'anee  of  tlie  \)a- 
tient.  C'lu'winfi  will  he  interfered  with  by  a  lack  of  perfect  approximation  of 
the  bitinji;  surfaces,  swallowing  and  speakinj;-  may  be  imperfect,  there  will  be- 
an annoying  flow  of  saliva,  the  chin  will  berome  increasingly  disfigured,  the 
tongue  will  show  a  tendency  to  fall  backward,  and  the  mouth  will  i)ecomc 
narrower  and  narrowei'  until  the  movements  of  the  tongue  are  very  seriously 
impaired,  more  especially  if  the  portion  of  bone  removed  be  of  considerable 
size.  Carefully  constructed  interdental  splints;  division  of  the  bone,  when 
possible,  just  external  to  the  insertion  of  the  genio-hyo-glossus  muscles;  and 
resuture  of  these  muscle  insertions,  when  they  ha^•e  been  divided,  to  as  solid 
a  point  as  can  be  found,  will  do  nuich  to  ])i'event  the  distressing  SA'uiptoms  to 
which  I  have  just  referred. 

Excision  of  the  lateral  half  of  the  lower  jaw  will  be  necessary  when  the  dis- 
ease involves  the  angle  and  the  ascending  ranuis  of  the  jaw.  For  this  opera- 
tion an  incision  is  made  from  the  median  line  in  front,  beneath  the  lower  border 
of  the  jaw,  to  the  angle,  then  upwaid  along  the  posterior  border  of  the  ramus, 
as  far  as  the  lofie  of  the  ear  (/*,  Fig.  215).  Great  care  should  be  taken  not 
to  injure  the  facial  nerve.  This  incision  may  be  su]>pk'menteil  l)y  a  perpen- 
dicular median  incision  in  front,  while  the  posterior  portion  of  the  incision  may 
be  very  wisely  utilized  for  ligation  of  the  external  carotid  artery  above  the 
thyroid  or  above  the  lingual  artery.  The  bone  is  first  exposed  in  front  and  di- 
vided just  external  to  the  jxiint  of  insertion  of  the  genio-hyo-glo.ssus.  (Fig.  216.) 
The  end  of  the  portion  to  be  removed  is  now  pulled  strongly  outward  and  the 
connections  of  the  bone  are  carefully  separated  back  to  the  coronoid  iirocess. 
This  process,  together  with  the  insertion  of  tlie  temporal  muscle,  is  now  clipped 
off  with  bone-forceps,  and  the  neck  of  the  bone  is  cleared  by  blunt  dissection, 
great  care  being  taken  to  [jrotect  the  internal  maxillary  artery  and  the  lingual 
nerve.  The  head  of  the  bone  is  then  removed  l)y  t\\isting  it  forcibly  away 
from  its  connections.  Sharp  instruments  should  be  avoided  in  this  disarticu- 
lation. Hemorrhage  will  be  greath'  lessened  if  the  inferior  dental  artery  is 
caught  before  it  is  divided.  After  all  hemorrhage  has  liei'n  arrested,  the  flap 
is  sutured  back  in  place,  and  drainage  is  placed  at  the  foimer  position  of  the 
angle  of  the  jaw. 

As  has  alreaily  been  stated,  this  operation  is  not  attended  by  great  technical 
difficulties;  yet  the  ultimate  result  will  not  be  satisfactory  unless  the  resected 
portion  of  the  jaw  is  immediately  replaced  by  artificial  means.  Muscular  and 
cicatricial  contraction  causes  the  stumps  of  the  jaws  to  be  drawn  inward  in  a 
surprisingly  short  time,  and  when  the  tleformity  has  once  occurred  it  will  be 
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practically  impossible  to  overcome  it.  Some  device  must  therefore  be  applied 
immediately  in  order  to  prevent  the  evil. 

Martin  constructs  an  artificial  jaw  from  gutta  ]iei'cha,  whicli  can  be  accu- 
rately fashioned  at  the  time  of  operation  to  fit  into  the  defect,  and  which  is 
screwed  or  nailetl  to  the  stvmips  of  the  bone  by  lateral  metal  plates.  This  pro- 
^•isional  splint  is  left  in  jilace  during  the  cour.se  of  wound-healing,  and  serves 
to  support  Iwth  the  bony  and  the  soft  part.s.  \^'hen  healing  is  complete  a  per- 
manent plate  fitted  witli  teeth  is  applied. 

Other  surgeons  ha\e  u.sed  metal  plates  in  the  .same  way.  These  plates 
.should  be  sufficientl}-  large  and  .so  .shapcil  as  to  give  proper  .support  to  the  .soft 
parts  or  even  to  stretch  them,  and  they  can  be  either  wiretl  or  .screwed  to  the 
bone  ends.  Aluminum  has  been  useil  with  much  .satisfaction  by  Partsch  and 
Stoppany  foi  this  purpose.     A  metal  splint  can  be  easily  kept  clean,  and  in  from 


Fig.  216. — Excision  of   the  Lower  Ja,\\.     a.  c,  and  e.  Lines  of  bone  section  in  ankjiosis  of  the 

lower  jaw.      (Original.) 


three  to  four  weeks  it  can  be  replaced  by  a  permanent  plate.  Carl  Beck  has 
reported  a  case  in  A\liich  paraffin  was  used  to  correct  severe  deformity  after 
resection  of  the  entire  lower  jaw,  no  jirovision  having  been  made,  after  the  pri- 
mary' operation,  for  the  prevention  of  deformity  and  loss  of  function.  The 
paraffin  was  injected  along  the  entire  length  of  the  former  position  of  the  jaw, 
and  an  excellent  cosmetic  and  finictional  result  was  obtained. 

(_)sTEOPL.\STic  Resectiox  OF  THE  LowER  J.\w. — This  Operation  is  per- 
formed for  the  free  exposure  and  operative  treatment  of  lesions  in  the  floor  of 
the  mouth,  at  the  root  of  the  tongue,  or  in  the  fauces.  For  the  exposure  of 
lesions  anterior  to  the  fauces  a  median  incision  through  the  lip  and  l)one  is 
used.  When  the  disea.se  affects  the  fauces  or  the  pharynx,  a  better  exposure 
will  be  obtaineil  by  dividing  the  bone  just  in  front  of  the  ascending  ramus  of 
the  jaw.  Langcnbeck  recommends  an  inci.sion  that  is  carrietl  perpenilicularly 
downward  from  the  angle  of  the  mouth,  while  Kocher  prefers  an  incision  which 
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h;is  Ix'cn  |-cc()iiiiiicii(lcil  ahoxc  lor  excision  of  tiic  ]iosl('rior  poiiioii  oi'  tlic  lower 
j;i\v,  ;ui<l  wiiicli  is  made  parallel  to  ntul  uiulerneath  the  border  of  the  jaw.  In- 
asniuch  as  the  postcrioi'  fragment  will  invariably  show  a  tendency  to  become 
displaced  ui)ward  and  inward,  after  division  at  this  ))oint,  the  hone  is  sawed 
alonj;;  a  line  e\tendin<!;  from  al)o"\'e  ohliijuely  downward  ai:d  forward,  and  from 
without  inward  and  Imckward.  In  o.steoplastic  resection  tlie  drill  holes,  for 
j-esuture  of  the  bone,  shoukl  l)e  made  before  the  bone  is  sawed  through. 

Resection'  of  the  Temi'oiio-maxillary  Articulation  fok  the  Relief  of 
Fix.\TioN  of  the  Lower  Jaw. — Immobility  of  the  lower  jaw  develops  as  a 
result  of  cicatricial  coidraction  of  the  soft  parts,  as  a  result  of  articular  anky- 
losis, or  from  unreduced  dislocation. 

Cicatricial  contraction  of  the  tissues  of  the  cheek  will  follow  sloughing  set 
uj)  b}'  cancrum  oris,  burns,  scarlet  fever,  measles,  typhus,  mei'curial  stomati- 
tis, alveolar  abscess,  and  suppurati\('  disease  of  the  malar  bone.  Firm  fibrous 
bands  form  within  the  mouth,  and  the  lower  jaw  is  firndy  bound  to  the  upper, 
producing  complete  immobility  without  ilLsease  of  the  articulaticjii.  The  same 
disease  may,  however,  produce  a  simultaneous  arthritis  with  ankylosis,  or  a 
suppurative  inflammation  may  develop  primarily  in  this  articulation,  and  the 
only  cause  of  imniobilitj'  in  the  lower  jaw  may  be  an  ankylosis  of  one  or  both 
temporo-maxillary  articulations.  The  operation  required  foi-  the  relief  of  im- 
mobility will  therefore  depend  upon  the  nature  of  the  obstruction.  When  the 
fixation  is  caused  by  cicatrical  tissue,  it  will  do  no  gootl  to  divide  the  cicatricial 
bands,  since  they  will  promptly  j-e-form;  and  jtlastic  operations  undertaken 
for  the  cure  of  such  bantls  are  so  frequently  unsuccessful  that  surgeons  have 
uniforndj'  decided  that  the  new  joint  must  be  made  in  front  of  the  limiting 
'Cicatricial  tissue.  This  conclusion  has  been  verj'  largel}-  modified  b)'  the  sug- 
gestion of  Helferich,  Mikulicz,  and  Min'jjhy,  to  interpose  muscle  or  fascia  be- 
tween the  divided  bone  ends.  This  arthroplastic  procedure  is  not  sufficient 
in  itself,  however,  to  secure  the  desired  result;  the  limiting  cicatricial  tissue 
should  be  sufficiently  excised  to  give  free  motion,  and  a  flap  of  skin  from  the  neck 
should  be  transplanted  into  the  defect.  At  the  same  time  it  must  be  under- 
stood that  the  nature  and  the  extent  of  the  lesion  will  differ  so  greatly  in  these 
cases  that  the  operation  must  be  planned  to  meet  the  indications  of  the  indi- 
vidual case.  This  type  of  innnobility  of  the  lower  jaw  has  its  origin  in  the 
period  of  youth,  and  the  })i'imaryilisease  will  usually' be  found  to  have  influenced 
the  development  of  the  entire  lower  jaw  to  such  a  degree  that  it  preserves 
its  youthful  size  and  shape  in  atlult  life.  This  increases  greatly  the  difficulties 
of  obtaining  a  satisfactory  result.  When  the  fixation  is  the  result  of  ankylosis 
alone,  an  arthroplastic  operation  will  give  an  excellent  result. 

Operation  for  the  Establishment  of  a  Joint  Anterior  to  Cicatri- 
cial Bands. — The  incision  will  Yiivy  with  the  pi'oposed  location  of  the  new 
joint.     This  may  be  located  almost  as  far  forward  as  the  mental  foramen  or 
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as  far  back  as  the  coronoicl  process.  The  modern  reqmremcnts  of  tissue  in- 
terposition demand  a  hberal  incision  below  the  border  of  the  jaw — one  which 
will  not  only  expose  the  bone,  but  will  likewise  give  a  sufficient  fascial  flap. 
The  new  joint  should,  of  course,  br  niadi'  as  far  back  as  is  possible. 

The  incision  is  carried  down  to  the  bone  at  the  site  of  the  section,  the  peri- 
osteum is  elevated  on  both  sides,  and  a  wedge-shaped  piece,  the  base  of  the 
wedge  being  below,  is  remo^•ed  with  a  saw  or  a  rongeur.  AVhen  enough  bone 
has  been  removed  to  insure  perfect  mobility,  a  flap  of  fat -bearing  fascia  from 
the  neck,  or  a  muscle  flap  from  the  masscter  or  the  temporal  muscle,  is  care- 


FiG.    217. — Double  r.esection   of    iVniporo-inaNiliary    .Articulation.     Four    niontiis    after    operation, 
tlip  space  between  the  incisor  teetli  measures  three-fourtlis  of  an  ineli  in  width.      (Original.) 


fully  suturetl  in  place  between  the  di^•ided  ends,  and  the  wound  is  closed.  As 
has  already  been  stated,  the  site  of  this  bone  section  will  be  in  the  body  of  the 
bone  ill  front  of  the  masseter,  as  has  Ijecii  suggested  by  Esmarch  (a,  Fig.  216); 
or  the  wedge  may  be  made  to  inckule  the  angle  of  the  jaw,  as  has  been  suggested 
by  Swain;  or  the  site  of  section  may  be  selected  even  higher  up. 

After  such  an  operation  the  very  greatest  j^atience  and  persistence  will 
lla^•e  to  be  practised  by  both  surgeon  and  patient  in  keeping  up  systematic 
passive  and  active  motion  in  the  new  joint. 

T'.xcisiox  OF  THE  Temporo-:\i.\.xill.\ry  Articul.\tiox. — This  operation 
will  be  tlemanded  in  those  cases  in  which  the  fixity  of  the  jaw  is  due  to  anky- 
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losis  (iT  tliis  jdiiit.  A  careful  history  of  tlic  i):Uicnt  should  hr  lakcu  in  order 
to  determine  which  nrticuiation  is  at  fault,  since  total  inmiohility  may  result 
from  ankylosis  in  only  one  of  the  two  joints.  The  ]iatient  whose  photograph 
apjiears  in  I'l.ti;.  I'lT  ^a\'e  no  history  wliatever  of  trouble  in  either  articulation, 
and  could  remember  only  that  he  had  been  in  this  condition  since  childhood. 
The  ard<ylosis  seemed  double,  however,  and,  inasmuch  as  no  member  of  his 
family  was  present  to  give  an  accurate  history,  a  double  excision  was  deemtxl 
necessary.  Unfortunately,  the  fairly  normal  articulation  was  operated  upon 
first  and  only  a  very  slight  improvement  in  motion  was  thereby  secured.  Free 
motion  was  obtained  only  after  a  firm  bony  ankylosis  had  Ix'en  liberated  on 
the  opposite  side.  The  patitnit's  mother  came  to  visit  him  after  the  opera- 
tion, and,  after  rather  rigid  (|uestioning,  she  remembered  tliat  the  ankylosed 
side  had  been  much  swollen  and  very  painful  and  that  pus  had  been  discharged 
from  the  ear  after  an  attack  of  scarlet  fever  when  he  was  seven  years  old. 

The  details  of  the  operation  may  be  described  as  follows:  The  articulation 
is  exposed  \)\  a  transverse  incision  made  along  the  lower  border  of  the  zygo- 
matic ai'ch  and  liy  a  second  vertical  incision.  The  transvei'se  incision  is  very 
carefully  extended  down  to  the  border  of  the  bone,  but  the  \'ertical  incision 
is  made  through  the  skin  alone.  The  soft  tissues,  including  the  parotitl  gland 
and  facial  nerve,  are  now  drawn  downward,  and  the  articulation  is  exposed 
h\  blunt  dissection.  The  neck  of  the  bone  is  then  divided  with  a  chisel  (Fig. 
216),  and  the  condyle  is  either  displaced  with  a  jjeriosteal  elevator,  or,  in  the 
case  of  a  bony  ankylosis,  it  is  removed  with  a  gouge.  After  a  sufficient  amomit 
of  bone  has  been  removed  to  give  entire  freedom  of  motion,  Helferich  advises 
the  careful  introduction  and  suturing  of  a  flap  of  the  temporal  muscle  between 
the  glenoid  cavity  and  the  cut  end  of  the  bone.  Kusnagow  uses  a  flap  from  the 
nrasseter.  Murphy  advocated  the  use  of  the  temporal  fascia  or  a  flap  composed 
partly  of  fascia  and  partly  of  muscle. 

The  after-treatment  of  cases  of  this  sort  does  not  differ  from  that  already 
described. 

Resection  of  the  head  of  the  bone  for  rmreduced  dislocation  should  be  con- 
ducted in  a  nranner  entirely  sinnlar  to  that  tlescribed  for  ankylosis. 

Excision  of  the  Shoulder  Joint. — The  anatomical  arrangement  of  the  shoulder 
girdle  provides  for  a  range  and  character  of  motion  which  are  not  found  else- 
where in  the  body.  The  .supplementary  motion  given  to  the  shoulder  by  the  free 
mobility  of  the  scapula  aitls  so  materially  in  counteracting  limitations  of  motion 
or  e\"en  ankylosis  of  the  shoulder  joint,  that  conservative  operative  treatment 
of  suppurative  arthritis  will  usually  give  results  superior  to  those  obtained  by 
excision;  and,  as  a  matter  of  fact,  excision  of  this  joint  is  rarely  done.  A 
second  reason  for  the  infrequent  performance  of  excision  of  the  shoulder  is  the 
fact  that  tuberculosis  of  this  joint  is  rare. 

Inasmuch  as  excellent  supplementary  motion  can  thus  be  gained  in  a  dam- 
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aged  joint,  the  dcniaiuls  upon  the  operation  of  excision  become  very  exacting; 
it  must  gi\T  assurance  that  by  means  of  it  something  more  than  fair  motion 
will  be  secured.  In  the  anatomical  arrangement,  abduction,  adduction,  flexion, 
extension,  and  rotation,  or  combinations  of  these  movements,  are  provided  by 
muscles  many  of  which  have  their  points  of  insertion  in  the  inmiediate  region 
of  the  joint.  This,  together  with  the  fact  that  resection  of  the  shoulder  usu- 
ally necessitates  a  division  of  the  bone  in  the  surgical  neck  and  a  detachment 
of  all  nniscle  insertions,  presents  plainly  the  dilliculty  that  will  be  encountered 


Fig.  2]S. — Right  Shoulder  .Joint  as  seen  from  in  Front  after  Removal  of  the  Skin  and  Subcu- 
taneous Tis.sues.  (After  Spalteholz.)  o,  Subscapular  muscle  (cut  off  near  its  insertion);  b,  coraco- 
humeral  ligament:  c,  coracoid  process;  d,  superior  transverse  scapular  ligament;  e,  scapula;  h,  joint 
capsule;   x.  long  heail  of  biceps  muscle  (tendon  cut  through):    ij,  humerus. 

in  obtaining  great  range  of  motion  after  excision.  (Fig.  218.)  Such  an  opera- 
tion will  mean,  for  instance,  a  division  of  the  connections  of  the  supraspina- 
tus,  the  teres  minor,  and  the  subscapularis ;  and  the  movements  of  rotation, 
which  are  dependent  ujion  these  muscles,  will  be  permanently  lost.  A  sub- 
periosteal resection  will,  it  is  true,  reduce  greatly  this  loss  of  motion;  and,  in 
many  instances,  regeneration  will  take  place  to  a  degree  that  will  restore  almost 
normal  rotation;  nevertheless,  such  a  complete  result  must  not  be  confidently 
expected.     The  same  is  to  be  said  regartUng  divi.sion  of  the  deltoid. 

The  nutrition  of  the  muscles  of  the  shoulder  also  enters  largely  into  the 
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decision  to  opcnito.  Tlic  operation  is  nuisl  l'rc(nicntly  ilcinandcd  in  condi- 
tions tliat  have  imposed  eontiiui(>d  disuse  ufxin  the  muscles  and  therefore 
varying  degrees  of  degeneration.  Sometimes  almost  total  degeneration  will 
have  occurred.  Under  such  conditions  an  excision  cannot  be  expected  to  im- 
])nivc  motion  greatly,  and  .should  not  l)c  doiic.  A  jireliminary  course  of  elec- 
trical treatment  and  massage  may  therefore  be  necessary  before  one  decides 
upon  the  propriety  of  an  exci.sion.  These  points  may  be  summarized  by  say- 
ing that  when  the  nuiscles  are  in  good  condition  we  may  hope  to  gain  abduc- 
tion to  the  horizontal  and  rotation  to  a  moderate,  or  even  extensive,  degree; 


Fig.  219. — Right  Shoulder  .Joint  as  Seen  in  Frontal  Section.  (After  Spalteholz.)  n,  Coracoid 
process;  b,  joint  cap.sule;  c,  long  i^ead  of  biceps  muscle;  d,  sheatli  of  biceps  tendon;  e,  epiphyseal 
junction;  p,  superior  transverse  scapular  ligament;  t,  spine  of  scapula  (sawed  off  at  its  origin); 
X,  glenoid  cavity;  y,  capsule  of  joint;  z,  humerus. 


while  the  movements  in  the  antero-po.sterior  position,  that  are  so  important 
in  guiding  the  hand  in  its  complicated  motions,  are  practically  unimpaired. 
The  preservation  of  even  this  range  of  motion  will  depend,  however,  upon 
accurate  preservation  of  certain  anatomical  structures  and  ui;>on  an  aseptic 
result.     (Fig.  219.) 

Reference  has  already  been  made  to  the  importance  of  bearing  carefully  in 
mind  the  location  of  the  attachments  of  the  muscles.  The  close  relationship 
of  the  important  vessels  and  nerves  to  the  head  of  the  bone,  particularly  under 
pathological  conditions,  constitutes  one  of  the  great  tlangers  of  the  operation. 
In  long-standing  cases  of  dislocation,  or  of  fracture  dislocation,  altered  ana- 
tomical relationship  will  complicate  the  operation  seriously.     The  circumflex 
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nerve  and  posterior  circvunflex  vessels  pass  around  the  surgical  neck  in  such 
close  relationship  to  the  bone  that  these  structures  have  a  special  importance. 
The  l)icipital  groove  is  an  important  landmark  and  alwaj's  looks  forwai'd  in  the 
normal  arm.     (Fig.  218.^ 

IxDic.\Tio\s  FOR  THE  Oper.\tion. — (1)  Tubcrculosis  rarely  involves  the 
shoulder  joint  and  it  most  frcciuently  occurs  in  the  form  of  caries  sicca.  This 
condition  will  therefore  call  for  excision  only  in  those  few  cases  in  which  pain 
and  functional  disturbance  persi.st,  in  spite  of  conservative  treatment,  and  in 
which  suppuration  tlevelops. 

(2)  Suppurative  arthritis  will  yield,  as  a  rule,  to  incisions  and  free  drain- 
age, and,  as  has  alreadj'  been  stated,  a  resulting  limitation  of  motion  or  even 
a  partial  ankylosis  will  usually  leave  a  function  which  equals  that  to  be  ex- 
pected after  excision.  In  cases  of  disorganization  of  the  joint,  however,  after 
rheumatism,  gonorrhoea,  suppurative  osteitis,  suppiu'ative  epiphysitis,  and 
secondary  infection  from  a  suppurative  deltoitl  bursitis,  excision  becomes 
necessary. 

(3)  Ankylosis  developing  after  any  one  of  the  above-mentioned  forms  of 
arthritis  will  be  subject  to  the  same  reasoning  that  has  already  been  ajiplied. 
If  excision  cannot  give  definite  promise  of  improved  motion,  or  if  the  muscles 
show  a  degeneration  that  does  not  yield  to  appropriate  treatment,  the  opera- 
tion will  be  contra-indicated. 

(4)  Gunshot  injuries  do  not  often,  at  the  present  day,  furnish  an  indication 
for  typical  exci.sion.  Even  moderate  splintering  of  the  bones  entering  into  the 
formation  of  the  joint  will  yield  to  an  atyijical  operation  which  removes  loose 
fragments  and  provides  aseptic  drainage.  When  suppuration  supervenes  ami 
when  extensive  comminution  of  the  head  of  the  humerus  is  present,  a  typical 
resection  becomes  necessar}-. 

(5)  Compound  fractures  and  compountl  dislocations  will  be  treated  accortl- 
ing  to  the  same  principles  that  have  been  set  forth  for  the  treatment  of  gun- 
shot wounds. 

(6)  In  unreduced  dislocation  of  the  head  of  the  humerus,  Souchon,  as  quoted 
by  Jacobson,  concludes  "that  reduction  should  be  done  only  in  cases  where  the 
head  of  the  humerus  and  the  glenoid  cavity  arc  in  good  condition;  when  no  ex- 
tensive dissections  have  to  be  made :  when  it  is  easily  effected  without  great  effort ; 
when  the  head  does  not  need  to  l)e  trinnned,  or  the  cup  to  be  too  deeply  scooped 
or  enlarged;  ^^■hen  the  head  readily  remains  in  place,  but  not  too  tightly — all 
this  regardless  of  the  time  or  standing  of  the  dislocation.  It  should,  however, 
always  be  attempted  conscientiously,  because  many  operators  have  resected,  per- 
haps, when  the  dislocation  could  have  been  reduced.  Disregard  of  these  rules  may 
result  in  necrosis  of  the  head,  in  recurrence  of  the  dislocation,  or  in  ankylo.sis,  with 
their  inevitable  consequences.  Resection  should  be  practised  in  all  other  cases. 
When  in  douDt,  it  is  better  to  resect.     How  much  to  resect — i.e.,  when  to  saw 
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throiip;h  the  analnmical  neck  (H'()l)li(|iiclyaiHl  (Iciwiiward  (lulsidc  tlic  liilxTdsity, 
or  liorizontally  on  a  k'\'cl  with  llic  Ictwcr  iiiaifi'in  of  llic  licail — must  ho  tleter- 
iiiinod  in  each  case;  it  is  better  to  remove  too  iniicli  than  too  little.  Of  course, 
all  efforts  should  lie  made  to  secure  aseptic  results.  A  most  important  point 
is  to  get  primary  union." 

(7)  Recurrent  dislocation  of  the  shoulder  has  l:)een  very  successfully  treated 


Fig.  220. — Excision  of  the  Head  of  the  Humerus  by  tl>e  Anterior  Oblique  Incision.  Called,  by 
Esmarch,  OUier's  method,  (.\fter  Kocher. )  a,  Cut  surf.ace  of  anterior  fibres  of  deltoid;  b,  deltoid; 
c,  pectoralis  minor;  d,  coraco-brachialis  and  bicep.s  (short  head);  e,  humerus;  /,  long  head  of  biceps; 
k,  tendon  of  pectoralis  major  (clavicular  portion);  y,  cephalic  vein  (drawn  inward). 


by  partial  excision  and  suture  of  the  capsule.     An  excellent  operation  has 
been  suggested  by  Burrell  and  Lovett. 

(8)  Excision  maj'  be  performed  for  tumors  of  the  head  of  the  humerus. 
Many  cases  of  successful  excision  for  osteochondroma  have  been  reported. 
Stimson  has  reported  a  A'ery  successful  case  and  expresses  the  ojiinion  that  the 
operation  is  a  very  desirable  one  to  be  used  in  all  tumors  where  the  dangers  of 
recurrence  are  not  great.  Encapsulated  myeloid  sarcoma  may  also  be  treated 
by  excision,  but  sarcoma  of  the  upper  end  of  the  humerus  is  usually  of  the 
more  malignant  variety. 
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The  Operation. — The  operation  of  excision  of  the  shoulder  joint  may  be 
done  by  anterior  incision,  posterior  incision,  inferior  incision,  and  bya  deltoid  flap. 

The  operation  Vj}'  anterior  incision  is  so  general!}"  I'ccoinniended  as  the  in- 
cision of  choice  for  a  majority  of  the  lesions  requiring  opei'ation,  that  this  route 
\\ill  be  described  in  detail. 

Place  the  natient   upon   the   back  with   the   shoulders  elevated  by  a  sand 


Fig.  221. — Excision  of  the  Ik'ad  of  llic  IIiimiTus  liy  tlio  .\nterior  Incision:  Second  Stage.  The 
biceps  tendon  is  Ufted  out  of  its  slicath  and  tlie  joint  is  openetl.  (.\fter  Koclier.)  a,  Tendon  of  short 
head  of  biceps  and  coraco-brachialis:  b,  clavicle;  c,  coracoid  process;  d,  head  of  liumerus;  e,  place 
of  separation  of  capsule  from  anatomical  neck;  /,  sheath  of  biceps  tendon;  p,  tendon  of  biceps;  i, 
deltoid  muscle;   7,  tendon  of  pcctoralis  major;  z,  cephalic  veins. 

bag,  and  make  an  incision  three  and  one-half  inches  long  from  the  base  of 
the  coracoid  process,  and  on  a  l('^•el  with  it,  downward  in  the  line  of  the 
bicipital  groove.  (Fig.  220.)  The  course  of  the  cephalic  vein  will  serve 
as  a  guide  to  the  line  of  division  between  the  fibres  of  the  deltoid  and 
the  pectoralis  major,  and  these  muscles  are  to  be  widely  retracted.  The 
bicipital  groove  and  the  capsule  of  the  joint  will  now  fie  fully  exposed.  The 
joint  is  next  opened  by  a  longitudinal  incision,  made  on  the  outer  side  of  the 
groove,  and  this  incision  at  the  »miw  time  liberates  the  tendon  of  the  biceps. 
(Fig.  221.)     The  heatl  of  the  bone  is  now  examined  with  the  finger,  and  the 
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jjCTiosteuin  is  divided  down  to  tho  point  of  tlic  projjoscd  saw  line.  I'jievate 
the  periosteum  outward  with  a  sliarply  cu'vcd  raspatory,  wiiile  an  assistant 
rotates  the  head  firmly  inward,  Wlicn  the  <;'iTatcr  tnlierosity  is  encountered, 
its  attached  tendons  are  divided,  or  a  superficial  scale  of  hone  is  chiselled  away. 
The  arm  is  then  forcibly  rotated  onlward,  and  the  lesser  tuberosity  is  treated 
in  the  same  manner  as  the  greater.  The  head  of  the  bone  is  now  ready  for  e.x- 
cision,  either  in  situ  or  after  it  has  been  elevated  out  of  the  wound.  If  the  latter 
course  is  decided  upon,  the  head  is  thrust  out  through  the  u]>per  part  of  the 
wound  (after  the  soft  parts  liave  been  carefully  retracted),  by  [nishing  the  elbow 
upward  and  backward.  (Fig.  222.)  The  bone  is  then  sawed  off  at  the  desired 
point.  When  it  is  deemed  more  desirable  to  excise  in  situ,  a.  Ciigli-Iiaertel  saw 
is  passed  around  the  bone;  a  Hat  retractor  is  so  placed  as  to  protect  the  soft 
tissues;  the  head  of  the  bone  is  seized  with  a  lion-jaw  forceps;  and  the  neck 
is  rapidly  sawed  off.  When  it  is  impossible  to  use  the  saw,  the  head  may  be 
chiselled  out.  It  is  very  nuich  better  to  I'csect  without  displacing  the  head, 
since  this  cannot  be  done  without  tearing  away  the  periosteum  to  an  entirely 
unnecessary  degree.  After  the  head  has  been  I'cmoved,  a  careful  dissection  of 
the  joint  should  be  made  in  cases  of  tlisease:  foci  of  di-sease  in  the  glenoid  should 
be  carefully  dissected  off  and  the  joint  closed,  with  i3roper  provision  for  drain- 
age. During  the  dissection  the  arm  should  be  slightly  abducted  and  flexed, 
in  order  to  I'elax  the  capsule  of  the  joint  fully.  Whenever  conditions  will 
l^ermit,  a  flap  of  fat-bearing  fascia  shoukl  be  interposed  between  the  bone  sur- 
faces in  order  to  secure  a  new  joint  at  the  site  of  the  former  articulation. 

The  site  of  bone  section  will  determine  in  large  degree  the  future  stability 
of  the  joint.  A  section  of  bone  at  the  anatomical  neck,  or  a  partial  resection 
of  the  head,  will  undoubtedly  give  a  nuich  better  result  than  a  section  at  the 
surgical  neck;  for  this  necessitates  complete  separation  of  the  capsule,  detach- 
ment of  the  muscle  insertions,  serious  interference  with  the  triceps  tendon, 
and  a  considerable  shortening  of  the  humerus.  This  fact,  therefore,  calls  for 
the  utmost  conservatism  when  dealing  with  the  bone.  Only  just  enough  bone 
should  be  removed  to  permit  of  perfectly  free  mobility.  Oftentimes  a  limited 
bone  section,  supplemented  by  careful  gouging  out  of  diseased  foci,  both  in 
the  head  of  the  bone  and  in  the  glenoid  cavity,  will  give  almost  perfect  mo- 
bility in  the  joint.  In  children  it  becomes  a  matter  of  great  importance  to 
preserve  the  epiphyseal  line;  since  the  growth  of  the  humerus  in  length  de- 
pends mainly  upon  the  upper  ei)iphysis.  When  a  division  of  the  bone  at  the 
surgical  neck  becomes  a  necessity,  the  subperiosteal  operation  shoukl  invari- 
ably be  done  if  pathological  conditions  will  permit.  In  sarcoma  and  in  exten- 
sive tuberculous  disease  this  will  not  be  possible.  In  the  latter  disease,  merely 
segments  of  the  periosteum  may  be  left;  but,  when  even  this  can  be  done,  bone 
regeneration  is  sometimes  so  satisfactory  that  almost  a  perfect  result  can  be 
obtained.     This  fact  will  serve  as  one  more  argument  in  favor  of  preser^'ing 
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every  fraction  of  an  inch  of  the  length  of  the  bone.  Unless  the  end  of  the 
humerus  can  be  brought  into  contact  with  the  glenoitl  cavity  by  the  contrac- 
tion of  the  deltoid  muscle,  its  continued  action  will  not  give  satisfactory  ab- 
duction. Typical  resection  of  this  and  many  other  joints  is  certainly  very 
much  less  frequently  performed  than  formerly,  the  tendency  of  modern  sur- 
gery being  to  preserve  all  bony  tissue  that  is  not  definitely  diseased  and  that 
can  be  utilized. 

When  the  operation  is  done  for  ankylosis,  the  chisel  and  gouge  nmst  of 


Fig.  222. — Resection    of    Shoulrler    Joint.      (After  Kocher.)      Instruments    in    position    for    removal 

of  the  head  of  tlie  liumerus. 


necessity  be  used.  In  this  operation  cnovigh  Iione  should  be  removed  to  per- 
mit of  very  easy  motion  in  all  directions;  the  upper  end  of  the  humerus  should 
be  rounded  off ;  the  glenoid  cavity  should  be  gouged  out  to  resemble  the  nor- 
mal structure:  and  a  flap  of  fat-bearing  fascia  should  be  interposed.  A  special, 
rather  extensive  skin  incision  will  be  required  to  procure  the  necessary  flap  of 
fascia. 

After  the  operation  of  excision  has  been  completed,  the  wound  is  sutured 
and  a  cigarette  or  rubber  tube  drain  left  in  for  a  few  days.  The  arm  is  im- 
mobilized, as  in  fracture  of  the  upper  end  of  the  humerus,  by  an  axillary  wedge 
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a,iiil  a  |)last('r-iil'-l';iris  slmuldci-  cap  witli  cxti'iisidiis  to  the  clliow.  The  liaiid 
and  tile  lorcanii  arc  su|i|i<ii1c(l  hy  a  sliiifi;.  .\cti\'c  nintion  is  cnc(iura<;cd  in 
the  lingers  and  passive  nHilinn  used  in  tlie  dlxiw  linni  the  lirst.  The  time 
wlien  motion  may  be  made  in  tlic  slionlder  will  dejiend  largely  upon  the  nature 
of  the  lesion  for  which  the  operation  has  l)cen  perfoi-med;  but,  as  a  rule,  it  will 
not  be  a(l\'isalile  to  peiniit  motion  sooner  than  two  weeks  after  tlie  oijeration, 
when  healing  will  have  l)een  fairly  establisheil.  The  nature  and  tlie  persist- 
ence of  the  after-treatment  will  largely  determine  the  result.  .Ma.ssage,  elec- 
tricity, and  active  and  passive  movements  should  be  religiously  practised  for 
a  long  time,  and  every  effort  should  be  made  to  develop  those  muscles 
which  act  upon  the  humerus  independently  of  the  scapula.  Abduction  is 
most  difficult  to  regain,  antl  its  accomplishment  will  depend  in  some  degree, 
as  has  alreatly  been  stated,  upon  the  amount  of  bone  renifived.  Rotation  is, 
of  covu'se,  preserved  when  the  tuberosities  are  left,  but  is  fretjuently  regained, 
even  after  atypical  resection.  It  is  nuich  more  likely  to  l)e  accomplished  in  a 
typical  o]3eration  wlien  the  subperiosteal  method  has  been  used.  Even  a  pass- 
ive Ioo.se  joint  may  be  made  very  useful. 

Senn  has  recommended  an  operation  which  avoids  injury  to  the  important 
structures  and  gives  excellent  exposure  of  the  joint.  Tlie  skin  incision  is  semi- 
lunar in  form,  begins  over  the  coracoid  process,  passes  downward  in  a  gentle 
curve  to  the  middle  of  the  deltoid,  and  thence  uiiward  to  a  point  behind,  which 
is  directly  opposite  to  the  point  of  beginning.  This  cutaneous  flap  is  reflected 
upward,  then  the  acromion  is  sawed  across  and  reflected  downward,  together 
with  its  attached  fibres.  This  gives  an  excellent  view  of  the  joint  for  erasion 
or  excision.  The  wound  is  closed  by  suturing  the  acromion  Ijack  in  place  and 
by  replacing  the  skin  flap.  Drainage  may  be  placed  at  the  most  dependent 
portion  of  the  skin  incision  by  forcing  a  tube  through  the  deltoid  muscle  at 
this  point. 

Kocher  operates  by  a  pjosterior  incision,  which  is  commenced  over  the  acro- 
mio-clavicular  articulation,  extends  along,  then  across  the  acromion,  at  a  jjoiiit 
corresponding  to  its  base,  and  is  continued  downward  in  a  curved  direction 
to  the  posterior  fold  of  the  axillary  space.  The  corresponding  insertion  of  the 
trapezium  is  divided,  and  the  acromion  process  is  chiselled  off  near  its  base. 
This  detached  fragment  with  the  attached  deltoid  is  then  pushed  outward  over 
the  head  of  the  humerus,  thus  exposing  the  upper  and  posterior  aspect  of  the 
joint  and  the  tendon  insertions.  With  ordinary  care,  the  circumflex  ntrve  and 
vessels  will  not  be  injured  in  this  o])eration;  liut  the  chief  advantages  clahned 
for  it  are  free  accessibility  to  the  ca^•ity,  particularly  when  the  posterior  part 
of  the  joint  is  involved,  and  the  preservation  of  the  anterior  part  of  the  cap- 
sule, together  with  the  subscapularis. 

Resection  for  Unreduced  Dislocation. — The  indications  for  excision 
in  this  condition  have  been  briefly  given  on   page  395,  in   a  quotation  from 
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Souchon's  admirable  article  on  this  subject.  This  resume  of  indications  will 
lead  naturally  to  the  conclusion  that  fixed  rules  camiot  be  established  for  oper- 
ative treatment.  Each  case  -Hill  present  oj^erative  indications  and  operative 
difficulties  which  are  jieculiarly  its  own.  When  mild  manipulation  undi'r  an 
anaesthetic  fails  to  accomplish  a  reduction,  operative  nieasiires  should  be  under- 
taken with  the  definite  idea  that  the  problem  is  to  be  worked  out  after  an  ex- 
ploratory incision  has  been  made.  When  the  dislocation  is  recent,  the  operation 
should  be  done  prcfi'ralily  before  inflanmiatory  changes  set  in,  or  it  may  be 
done  immediately  aftt-r  such  inflammation  has  suksided.  Reduction  may  be 
accomplished,  in  a  case  of  this  variety,  after  the  incision  has  been  carried  dowTi 
to  the  joint,  without  opening  the  capsule;  or,  if  reduction  cannot  be  at  once 
accomplished,  the  cause  of  the  primary  irreducibility  will  be  at  once  apparent. 
Simultani'ous  fracture  of  the  neck  of  the  luuiicrus  or  of  the  tuberosities,  fract- 
ure of  the  acromion  or  of  the  glenoid  cavity,  or  a  hinderance  produced  l)y  in- 
terposition of  the  capsule  or  a  muscle  may  be  the  cause  of  such  irreducibihty. 
^^^len  the  case  is  of  long  standing,  serious  obstacles  to  reduction  by  any  method 
will  arise,  as  a  result  of  scar  formation  (involving  perhaps  the  axillary  vessels), 
of  muscle  contraction,  or  of  some  change  in  the  articulating  surfaces. 

The  anterior  incision,  which  has  already  been  described,  is,  perhaps,  the 
most  generall}-  useful  for  cases  of  this  variety.  When  excision  becomes  neces- 
sary, the  site  of  division  of  the  bone  should  again  be  decided  for  the  particular 
case  in  hand,  it  being  always  remembered  that  the  resection  of  bone  must  be 
as  limited  as  possible.  A  division  through  the  anatomical  neck,  an  oblicjue  di- 
vision (lown\\-ard  and  inward  outside  the  tuberosity,  or  a  transverse  division 
on  a  le\-el  with  the  loM'er  margin  of  the  head  may  be  chosen.  The  object 
shovild  be  to  gi\-e  a  primary  free  mobility.  It  is  lietter  to  remove  too  much 
than  too  little.  Every  effort  should  be  directed  to  an  aseptic  result,  very  com- 
plete ha?mostasis  should  be  secured,  and  the  wound  should  be  closed  without 
drainage.  The  same  early  and  persistent  attention  should  be  given  to  mas- 
sage, passive  motion,  electi'icity,  and  gymnastics  that  has  been  advocated  after 
resection  for  other  causes. 

In  dislocation  associated  with  fracture  of  the  surgical  neck,  reduction  may 
be  accomplished  by  incision, and  cUgital  manipulation,  aided  by  the  leverage 
obtainable  by  the  McBurney  hook,  or  excision  of  the  head  may  be  necessary. 
When  the  fracture  occurs  at  the  anatomical  neck,  with  intracapsular  displace- 
ment, the  only  rational  treatment  is  excision;  whereas  in  fracture  of  the  surgi- 
cal neck  excision  rarely  becomes  necessary. 

Excision  of  the  Clavicle. — Exci.sion  of  the  clavicle  may  be  rec^uired  for  the 
removal  of  either  end  of  the  bone,  or  the  entire  bone  may  require  removal  for 
a  tumor  or  for  necrosis.  With  ordinary  care,  this  operation  is  neither  difficult 
nor  dang<>rous  when  done  subperiostcally;  yet  it  becomes  a  formidable  pro- 
cedure when  the  bone  and  periosteum  must  be  removed  for  the  eradication  of 
vol,.  IV.— 26 
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a  malignant  tumor.  Tlu>  difficulties  ciicountercil  will  l)c  entirely  anatomical. 
There  arc  no  important  structures  in  definite  relationsliip  with  the  outer  third 
of  the  hone,  hut  structures  of  very  great  importance  lie  very  close  to  the  pos- 
terior surface  of  its  inner  two-thirds.  The  dangers  of  injury  to  these  structures 
will  furthermore  be  very  grtsatly  enhanced  when  the  normal  relations  have 
been  changed  by  extensive  disease. 

Resfx'tion  of  the  Sterno-clavicular  Articulation. — This  operation 
will  .sometimes  be  re(|uired  for  the  relief  of  disease.  The  joint  is  expo.sed  by 
an  incision  made  longitudinally  to  the  axis  of  the  clavicle,  the  periosteum  is 
separated  from  the  end  of  the  bone,  and  the  bone  is  lifted  out  with  a  periosteal 
elevator  and  sawed  off  with  a  Gigli  saw.  The  sternal  ]iortion  of  the  articula- 
tion is  removed  with  a  chisel  or  gouge  fi'om  above  forwaixl  ami  outward,  in 
order  to  avoid  possible  injury  to  the  jugulars.  The  clavicle  must  be  carefully 
held  in  place  during  healing;  and  if  there  seems  to  be  a  marked  tendency  to 
displacement,  the  bones  should  be  wired  together. 

Resection  of  the  acromial  joint  may  be  done  through  a  single  longitu- 
dinal or  a  crucial  incision.  The  same  method  should  be  emjiloyed  in  the  ex- 
cision of  the  joint  that  has  been  recommended  for  the  sternal  joint;  and  the 
after-treatment  is  practically  the  same. 

Resection  of  the  entire  clavicle  \\ill  be  most  frequently  performed  for 
malignant  disease.  A  free  incision  should  be  made  along  the  entire  length  of 
the  bone,  and  every  preparation  should  be  made  for  prompt  action  in  case  of 
injury  to  the  large  veins  or  the  i)leura.  The  ilissection  should  be  carried  as 
far  as  possible  from  below  and  from  above;  then  the  acromio-clavicular  joint 
should  be  opened,  and  the  l)one  lifted  strongly  forward  in  order  to  facilitate 
the  posterior  dissection.  The  attachments  of  the  muscles  and  ligaments  should 
be  divided  one  after  the  other  as  they  are  encountered,  and  thus  a  fair  freedom 
of  motion  will  be  obtained  by  the  time  the  sterno-clavicular  articulation  is 
reached.  It  is  important  to  remember,  tliroughout  the  dissection,  that  at- 
tachments may  have  been  formed  to  the  underlying  structures,  and  that  the 
traction  used  to  lift  out  the  clavicle  may  seriously  alter  the  normal  j)ositions. 
It  is  very  easy  to  injure  either  a  vein  or  the  pleuia  in  this  way.  If  a  small 
rent  should  occur  in  the  i)leura  it  .should  be  ]>romptIy  repaired  by  suture. 
Special  care  is  needed  in  disarticulating  the  sternal  end  of  the  bone. 

Resection  of  the  clavicle  for  necrosis  is  a  very  simple  operation,  since  it  is 
entirely  subperiosteal,  and  no  important  structures  are  endangered. 

Whenever  the  bony  continuity  of  the  clavicle  is  destroyed  by  either  partial 
or  total  resection,  the  after-treatment  should  be  conducted  with  the  patient 
lying  flat  on  the  back  and  resting  on  a  hard  mattress.  This  position  causes 
the  shoulder  to  pull  outward  and  to  rest  in  a  normal  position,  and  it  should  be 
maintained  until  the  wound  has  healed  sufficiently  to  prevent  serious  falling 
forward  and  inward  of  the  shoulder. 
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Excision  of  the  Scapula. — The  scapula  is  excised  because  it  is  the  seat  of 
a  tumor,  oi'  of  a  aniosis,  and  also  because  of  injuries  which  it  may  have 
received.  Total  or  partial  excision  may  be  required.  Total  excision  is 
refiuircd  for  the  removal  of  a  tumor,  while  the  [lartial  excision  of  the  si)ine, 
the  angles,  and  the  Ijody  will  be  re(iuir(Ml  for  necrosis  or  for  injury.  The 
non-subperiosteal  excision  should  Ije  done  when  a  tumor  is  present,  while  the 
subperiosteal  must  be  strictly  followed  when  one  operates  for  other  con- 
ditions, because  of  the  importance  of  preserving  the  muscular  attachments. 


Fig.  22.3. — Excision  of  tlie  Scapula.      (Original.) 

The  scapula  does  not  stand  in  anatomical  relationship  to  any  structures  of 
vital  importance,  yet  the  operation  should  in  every  instance  be  conducted  in 
such  a  manner  that  it  will  preserve  the  muscular  attachments  of  the  bone  and 
if  possible  the  support  of  the  .shoulder  through  the  medium  of  the  clavicle. 
The  suprascapular  vessels  and  nerves  are  very  closely  related  to  the  upjier 
border  of  the  bone  and  will  be  injured  unless  their  location  is  ke})t  in  mind. 

Excision  of  the  Entire  Sc.\pul.\. — The  patient  should  be  placed  on  the 
soimd  side,  and  the  arm  of  the  affected  side  should  be  placed  in  charge  of  an 
assistant.  A  transverse  incLsion  is  first  made  along  the  entire  length  of  the 
spine  of  the  scapula  (AB,  Fig.  223),  and  a  second  incision  is  made  along  the 
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posteridr  bunlcr  of  tlir  l)()nc  from  tlii'  postcridr  superior  to  the  iiilVrior  angle 
(BE,  Fig.  223).  Tlie  Iwo  flaps  thus  fomie(l  are  then  (lissocted  up  and  turned 
aside.  The  disseetion  is  eonducted  far  from  infected  tissue  when  tlie  (jpera- 
tion  i.s  done  for  a  malignant  tumor,  or  the  fiap  i.s  made  to  include  the  skin, 
muscle,  and  periosteum  when  the  operation  is  done  for  nccro.sis.  (Fig.  224.) 

If  the  acromion  is  to  he  preserved,  it  is  separated  from  the  body  of  the  scap- 
ula, liy  chiselling;  if  not,  the  acromio-clavicular  art  irulation  is  opened,  the  at- 
tachments of  the  delldiil  and  the  tiapeziiis  ai'elifted  liythe  hngers  and  divided, 


Fig.  224. — Excision  of  the  Scapula.      (Original.) 

and  the  posterior  surface  of  the  shoulder  joint  is  exposed.  If  the  operation  is 
done  for  sarcoma,  the  rotator  muscle  should  be  elevated  and  removed  from  the 
tuberosities.  The  capsule  of  the  joint  is  tlien  divitled,  and  the  scapula  is  re- 
moved by  dividing  those  structures  which  are  attached  to  it.  The  amount  of 
soft  tissue  removed  with  the  scapula  and  tumor  growth  will  depend  entirely 
upon  the  nature  and  extent  of  this  gi'owth.  It  is  better  to  commit  the  error 
of  removing  too  much  tissue  than  too  little.  If  the  glenoid  angle  of  the  scap- 
ula is  to  be  preserved,  it  is  sawed  off,  and  the  .shoulder  joint  is  not  disturbed. 
After  the  dissection  has  been  completed,  all  bleetling  points  are  carefully  se- 
cured and  ligated,  great  care  is  taken  to  anchor  the  divided  muscular  attach- 
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ments  and  fascia  with  catj^ut  sutures,  and  the  wound  is  closed  v.itli  d('])cndcnt 
th'ainage.  The  (h'essing  should  be  vokiniinous  and  should  he  applied  in  sucli 
way  as  to  afford  eflicient  support  to  the  shoukler  during  healing. 

P.\RTi.\L  Exnsiox  OF  THE  Sc.\.PUL.\. — This  operation  will  usually  be  accom- 
plished through  an  atypical  excision  which  is  tlesigned  to  meet  the  special 
indications  of  the  individual  case.  \Mienever  it  is  possilile,  these  incisions 
should  be  planned  in  such  a  way  that  the  muscles  may  be  separated  at  their 
point  of  attachment  and  not  divideil.  The  angles  of  the  scajjula  will  he  re- 
moved by  a  ^'-shaped  incision,  the  two  limbs  of  which  follow  the  border  of 
the  bone.  The  acromion  process  and  tlie  spine  of  tlu'  sca])ula  are  easily  i-e- 
moved  by  a  straight  or  a  crucial  incision. 

Excisiox  oi'  THE  Glexoid  Axgle. — This  operation  is  i)erforme(l  for  injury, 
and  for  tlisease  limited  to  this  [lortion  of  the  bone.  A  curA'ed  incision  about 
four  inches  long,  which  is  carried  through  the  fibres  of  the  deltoid  and  exposes 
the  po.sterior  and  upper  surface  of  the  joint,  is  made  along  the  posterior  border 
of  the  acromion  process.  From  the  niidtlle  of  this  incision  there  is  made  a 
second  incision,  which  extends  from  the  ujiper  margin  of  the  glenoid  cavity 
and  passes  downward  throtigh  the  deltoid  and  also  through  the  capsule  as  far 
as  to  the  centre  of  the  tuberosities.  The  eilges  of  the  wound  are  now  retracted, 
and  the  tendons  of  the  biceps  and  triceps  are  divided  at  their  points  of  ori- 
gin. The  neck  of  the  .scapula  is  exposed  subperiosteally  and  removed  with  a 
wire  saw.  The  site  of  this  lione  st'ction  is  very  deep,  and  special  attention 
should  be  given  both  to  hemorrhage  and  to  the  protection  of  surrounding  tis- 
sues from  injury. 

In  all  c-xcisions  of  the  scajnila  ]>articular  care  should  be  taken  to  place  the 
head  of  the  humerus  untlei-neath  the  head  of  the  outer  end  of  the  clavicle,  and 
the  cap.sule  should  be  sutured  to  thi'  undt'r  surface  of  the  deltoid  muscle.  This 
gives  a  fixed  position  for  the  support  of  the  shoulder  after  any  one  of  the  scapu- 
lar operations.  The  shoulder  should  be  thoroughly  supported  by  efficient 
bandages  and  held  in  plade  until  firm  fibrous  union  has  occiu'red. 

The  functional  result  is  remarkably  good  after  this  operation,  and  particu- 
larly good  when  the  tleltoid  can  be  preserved  or  its  attachments  restored. 

Excision  of  the  SternuTii. — Excision  of  the  sternum  is  an  atypical  opera- 
tion which  becomes  necessary  for  the  removal  of  necrosed  bone  or  a  tumor. 
Tuberculous  disease  and  typhoid  osteomyelitis  furnish  the  most  frequent  in- 
dications for  the  oi>eratio:i.  According  to  the  extent  of  the  disease  it  may  be 
necessary  to  remo^•e  either  a  large  part  of  the  bone  or  only  a  very  small  sec- 
tion. Except  in  the  case  of  a  tumor  th(>  operation  should  be  strictly  subperios- 
teal, and  it  is  particularly  important  to  adhere  closely  to  the  bone  posteriorly 
in  ordcT  to  avoid  oi)ening  the  jileural  cavity.  The  operation  is  conducted 
through  a  straight  or  a  crucial  incision.  When  it  is  performed  for  necrosis  the 
periosteum  is  carefully  elevated  over  the  front  of  the  diseased  area,  and  then 
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the  houe  is  cautiously  cut  away  wilh  a  roni^cur  or  a  chisel  until  the  posterior 
surface  is  reached.  The  excision  is  continu€Hl  l)y  carefully  separating  the 
j)eriosteuni  jiosteriorly  ami  Mlinf;  olT  small  portions  at  a  time  with  the  rongeur. 
This  method  of  following  up  the  disease  is  very  nuich  safer  than  if  an  attempt 
wore  made  to  remove  the  entire  diseased  area  in  a  single?  piece,  since  witli  the 
latter  method  a  certain  amount  of  Mork  nuist  l)e  done  in  the  dark,  and  the 
pleura  n\ay  he  injuicd.  In  (juite  a  niiinlier  of  cases  the  ribs  will  be  found  to 
!)(■  involved  at  the  same  time.  If  such  is  ]iroved  to  be  the  case  this  biting  away 
of  diseased  bone  should  be  extended  laterally  until  solid,  healthy  bone  is  found. 
TUs  point  is  well  illustrated  by  the  case  of  typhoid  osteomyelitis  shown  in 
Fig.  225.  After  all  diseased  tissue  has  been  carefully  curetted  away,  the  skin 
and  jx'riosteal  flaps  are  cause<l  to  dip  down  into  the  depression  by  carefully 


Fig.  225. — Excision  of  Portion  of  Sternum,  Portions  of  Two  Rib.s  on  Right  Side  and  Three  Ribs  on 
Left  Side,  for  Typlioid  Osteomyelitis.  Photograpli  taken  eleven  years  after  operation.  Osteomyelitis 
became  fully  developed  four  months  after  an  attack  of  typhoitl  fever  in  a  man  thirty-one  years  of 
age.  Thorax  not  opened.  Wound  required  three  months  in  healing,  and  external  portion  of  wound 
was  finally  closed  by  skin-grafting.  Patient  has  been  in  perfect  health  since  liealing  of  tlie  wound. 
(Original.) 

placed  gauze  packing  or  by  suture,  and  a  gauze  dressing  is  held  firmly  over  this 
packing  by  means  of  straps  of  adhesive  j^laster. 

The  operation  is  usually  very  successful  and  is  not  attended  with  great 
danger. 

Resection  of  Ribs. — Resection  of  the  ribs  will  be  reciuired  for  the  purpose 
of  cxjjosing  and  treating  intrathoracic  conditions,  or  it  may  be  done  for  the 
removal  of  necrotic  bone.  Extensive  resection  of  the  ribs  for  old  empyema 
and  temporary  osteoplastic  resection  of  the  ribs  for  the  exposure  of  the  lung 
are  described  elsewhere  (Vol.  \'II.)  and  need  not  be  considered  in  this  section. 

The  incision  used  for  resection  of  a  rib  is  made  parallel  to  the  long  axis  of 
the  bone  and  of  sufficient  length  to  meet  the  requirements  of  the  case.  Tliis 
incision  is  carried  directh^  down  to  the  bone,  and  the  periosteum  is  very  care- 
fully elevated  until  a  periosteal  elevator  can  be  passed  beneath  the  rib.     The 
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rib  is  then  dividiMl  with  a  bone-cutting  forceps  (/,  Fig.  207).  The  cut  end  of 
the  bone  is  now  seized  and  lifted  out  of  the  wound  with  a  sequestrum  forcejjs 
(J,  Fig.  207),  and  the  remainder  of  the  .subperiosteal  (hssection  then  becomes 
very  easy.  \Micn  the  desired  ainouut  of  bone  has  been  enucleated  from  the 
periosteum,  it  is  again  divided  with  a  saw  or  force]is  and  removed.  The  peri- 
osteal groove  now  lies  at  the  bottom  of  the  entire  length  of  the  wound.  If  the 
resection  has  been  done  to  facilitate  drainage  in  empyema,  an  incision  is  made 
into  the  pleural  cavity,  in  the  bottom  of  the  periosteal  groove.  If  the  resection 
has  been  done  for  the  removal  of  nt'crotic  bone,  the  wound  is  packed  with  gauze 
and  allowed  to  heal  by  granulation. 

A'ery  satisfactory  regeneration  of  bt)ne  takes  place  after  such  an  operation 
and  the  results  are  usually  good. 

Excision  of  the  Elbow  Joint. — The  anatomical  arrangement  of  the  (Hkiw 
joint  is  particularly  favorable  to  good  results  after  excision.  It  is  a  simple 
hinge  joint :  the  entire  extent  of  the  synovial  membrane  can  be  readily  ex- 
posed by  incisions  that  do  not  seriously  damage  important  structures;  and 
the  joint  is  surrounded  by  powerful  muscles  whose  attachments  can  1h'  either 
preserved  or  restored.  A  further  argument  in  favor  of  the  more  frequent  ap- 
plication of  the  niea.sure,  in  diseases  or  injuries  of  this  joint,  is  found  in  the 
fact  that  ankylosis  in  good  position  after  such  an  operation,  even  though  un- 
desirable, will  nevertheless  give  a  very  useful  and  powerful  arm,  because  of 
the  free  motion  in  the  shouldei'  and  scapula. 

The  indications  for  the  operation  are:  (1)  Fimgous  tuberculosis;  (2)  re- 
cent injm-y;  (3)  old  injury  with  ankylosis;  (4)  suppurative  arthritis  which 
does  not  yield  to  drainage:  (5)  old  dislocations:  (6)  some  cases  of  epiphyseal 
hijury:  (7)  osteo-arthritis;  and  (8)  new  growths. 

Tuberculosis  will  undoubtedly  furni.sh  the  most  frequent  indication  for 
the  operation.  The  general  principles  involvcil  in  the  decision  to  operate  upon 
a  tuberculous  joint  are  discussed  on  page  435,  and  need  not  be  repeated. 
When,  in  a  case  of  tuberculous  elbow,  the  recognized  non-operative  measures 
of  treatment  fail  to  jiromise  a  cure,  with  motion,  and  when  due  consideration 
has  been  given  to  the  general  principles  discu.ssed  on  page  435,  no  time  should 
be  lost  in  recommending  excision,  von  Bergmann  believes  that,  "in  spite  of 
the  good  results  of  primary  conservative  methods,  there  is  no  doubt  that  a 
broad  field  lies  open  for  total  resection  in  the  case  of  tulierculosis  of  the  elbow, 
and  that  the  procedure  is  capable  of  giving  good  results."  He  then  quotes 
the  statistics  of  Koenig  and  Kocher.  Koenig's  statistics  for  complete  resec- 
tion are  as  follows:  Complete  recovery,  54  per  cent:  incomplete  recovery, 
8  per  cent;  deaths,  38  per  cent.  For  incomplete  resection  and  other  treatment 
the  results  are  as  follows:  Conqjlete  recovery,  32  per  cent;  incomplete  recovery, 
8  per  cent;  deaths,  61  per  cent.  The  functional  results,  in  45  cases  of  com- 
plete resection  with   complete    recovery,   showed:  60   per  cent  of  recoveries 
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witli  iiiore  or  leys  luntioii  and  fjood  jiower;  33  per  cent  with  ankylosis  and 
satisfactory  ])(i\vci-;  and  7  pci'  cent  witli  Kkisc  joiuls.  Kochcr  I'cports  a  good 
wdrkinj;  arm  and  liand  lor  even  iiard  work  in  ()4  ]3er  cent,  and  a  capacity  for 
only  light  work  in  otj  per  cent.  Kocnig's  statistics  show  somewhat  better  re- 
sults after  complete  than  after  incomi)lete  resection,  and  some  authors  state 
definitely  that  the  complete  operation  should  be  perfonned,  for  the  reason  that 
tuberculosis  of  the  bone  is  more  frequent  than  tuberculosis  of  the  syno\aal 
membrane,  and  that  the  bone  lesion  is  usually  multiple.  Yet  perhajjs  a  ma- 
jority of  writers  are  to-day  agreetl  that  jiartial  resection  is  always  to  be  pre- 
ferred to  total  resection  in  cases  in  which  only  a  portion  of  the  joint  is  diseased. 
Erasion  also  has  a  definite  field  of  visefulness  in  the  purely  synovial  type  of  the 
disease.  The  author  has  operated  Ijy  erasion,  in  one  case  of  this  variety,  and 
obtained  a  perfect  recovery,  full  range  of  motion,  and  a  capacity  to  do  full 
hard  labor  in  a  foundi'y.  This  case  has  now  been  under  observation  for  more 
than  two  years  since  the  operation.  No  fear  of  disseminating  tubercle  bacilli 
throughout  the  system  should  be  entertained,  since  this  accident  is  peculiarly 
infrequent  after  operations  upon  the  elbow. 

Primary  excision  for  injury  will  rarely  be  indicated,  except  in  a  limited 
number  of  cases  of  gunshot  wound  and  compound  fracture,  in  which  the  ar- 
ticular ends  of  the  bone  are  badly  shattered,  and  in  the  clearly  infected  cases 
of  ordinary  compound  fracture.  In  a  very  large  percentage  of  cases  of  com- 
pound fracture  of  this  joint  (and  of  other  joints),  particularly  when  the  bone 
fragments  are  not  detached  from  the  periosteum  and  soft  parts,  a  jminstak- 
ing  aseptic  and  antiseptic  technique  will  yield  very  remarkable  results  without 
a  resort  to  excision.  Thorough  sterilization  of  the  surrounding  skin,  copious 
flushing  of  the  wound  with  wai'm  salt  solution,  careful  replacement  of  the 
fragments  of  bone,  slight  primary  closure  of  the  external  wound  by  suture, 
drainage  of  the  joint  for  forty-eight  hours,  and  a  wet  dressing  of  acetate  of 
aluminum  are  measures  from  which  much  may  be  expected;  and  the  author 
believes  that  they  should  first  be  tried  in  all  such  injuries,  unless  their  serious- 
ness is  such  as  to  preclude  all  hope  from  the  start.  In  all  fractin-es  of  the 
lower  end  of  the  humei'us  the  author  has  experienced  additional  satisfaction 
from  the  use  of  the  acutely  flexed  position.  Should  suppuration  develop  in 
a  joint  that  has  been  treated  in  this  conservative  way,  a  prompt  secondary 
jiartial,  or  total,  excision  should  be  done.  This  operation  should  be  per- 
formed either  very  promptly,  for  the  purpose  of  securing  drainage,  or  at 
a  later  stage,  after  the  active  inflammation  has  somewhat  subsided.  When 
excision  is  done,  either  primarily  or  secondarily,  the  operation  should 
partake  more  of  the  nature  of  a  trimming  of  sharp  angles  than  of  that 
of  a  typical  resection;  and  it  is  certainly  unnecessary  to  locate  the  saw  sec- 
tion above  the  upper  limit  of  a  longitudinal  fissure.  The  olecranon  process 
should  always  be  preserved,  if  possible,  as  a  safeguard  against  a  loose  joint. 
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T-  and  Y-fractiires,  occurring  as  they  do  only  after  very  severe  and  usually 
compound  injuries  of  the  elbow,  will  be  frequently  encountered  in  compound 
injuries  of  the  elbow.  Favorable  results  have  not  been  obtained  by  the  or- 
dinary methods  of  treatment  in  either  simple  or  compound  T-  and  Y-fract- 
ures,  and  Kochcr  has  suggested,  for  such  cases,  resection  of  one  or  both  con- 
dyles. The  results  were  not  good,  however,  since  the  operation  left  a  flail 
joint.  It  seems  to  the  writer  much  more  rational  either  to  replace  these  frag- 
ments by  the  aid  of  the  .r-ray,  or,  failing  in  this,  to  nail  or  suture  the  fragments 
together.  Should  union  in  a  bad  position  result,  it  is  then  time  to  recommend 
such  operations  as  chiselling  away  exulicrant  callus  in  the  supratrochlear  fossir, 
the  making  of  a  wetlge-shapeil  resection  t-f  the  humerus,  or  other  plastic  opera- 
tion, in  order  to  increase  the  range  of  motion,  before  recommending  excision. 

Old  injuries  of  the  ellxA\-  with  resulting  stiffness,  or  with  ankylosis  at  a  use- 
less angle,  will  present  difficult  i)roblems  in  treatment;  and,  in  so  far  as  this 
is  possible,  the  cause  of  the  limitation  in  motion  should  be  discovered  be- 
fore an  operative  jjlan  of  treatment  is  decided  upon.  A  careful  series  of  x-ray 
pictures  will  lend  valuable  aid  in  this  direction.  Forcible  movement  of  the 
joint  vmder  an  aniesthetic  will  rarely  accompUsh  much  unless  the  stiffness  is 
the  result  of  adhesions  which  have  developed  in  the  joint  from  the  organization 
of  fibrin.  Ailhrotomy  for  the  division  of  adhesions  and  restricting  bands  may 
accomplish  a  great  deal  if  the  syno^'ial  membrane  is  wholly  or  jiartially  intact, 
but  it  can  accomplish  but  little  when  this  membrane  has  been  lost.  Partial  or 
total  excision  then  becomes  the  alternative;  and  the  result  from  either  of  these 
procedures  will  depend  upon  the  general  vitaUty  of  the  patient,  the  nutrition 
of  the  muscles,  and  the  nature  of  the  lesion  for  which  the  operation  is  per- 
formed. In  adults,  where  there  has  not  been  a  suppurative  inflammation; 
where  the  periosteum  has  not  been  stripped  up,  leaving  bands  that  may  sub- 
seciuently  ossify;  and  where  the  cartilages  are  not  destroyed  and  the  muscles 
are  good,  a  resection  of  the  humerus  alone,  above  the  trochlea,  will  give  an 
excellent  result.  A  j^ar+ial  resection  was  formerly  considered  to  be  undesir- 
able, indeed  contra-indicated,  when  these  conditions  did  not  exist.  The  rea- 
soning has  of  late  been  very  greatly  modified,  however,  by  the  develojiment 
of  the  operation  of  arthroplasty.  \\'e  now  feel  that,  when  the  humerus  has 
been  resected  to  a  degree  sufficient  to  give  a  movement  so  free  that  the  hand 
can  be  carried  to  the  shoulder  of  the  same  side  and  bcliind  t(i  the  scapula  of 
the  opposite  side  without  locking,  a  satisfactory  result  will  be  assured  by 
transplanting  a  flap  of  fat-bearing  fascia  over  the  end  of  the  divided  humerus. 
This  measure  favors  the  development  of  a  useful  joint,  and  the  preservation  of 
the  ok-cranon  with  its  sigmoid  cavity  becomes  a  potent  factor  in  giving  sta- 
bility to  the  new  joint.  This  operation  has  therefore  improved  the  treatment 
of  ankylosis  and  seems  particularly  adapted  to  the  elbow  joint.  The  great  im- 
portance of  this  procedure  depends  upon  the  fact  that   partial  resection  may 


410 


AMERICAN   PRACTICE   OF  SURGERY. 


])(•  (lone  in  imkylosis  uiid  in  injury.  In  ImiIIi  of  these  conditifjos  ]);iili;il  resec- 
tion liiis  I'ornu'rly  been  followed,  in  many  instances,  by  ankylosis;  and  an 
excess  of  resection,  by  a  loose  joint.  Tlic  difficulty  experienced  in  the  partial 
operation  was  that  the  bony  surfaces  became  reunitetl;  and,  in  the  f)vcr-com- 
plete  operation,  there  followed  a  long  flexible  fibrous  union,  which  could  not 
give  stability.  In  the artliroplastic  operation  it  is  j)ossil)le  to  leave  the  rounded- 
off  end  of  the  humerus  in  loose  contact  with  a  normal  or  constricted  sigmoid 
cavity,  without  fear  of  bony  union;  and  the  great  advantages  that  result  from 
stability  of  the  joint  are  at  once  apparent. 

Unreduced  backward  dislocation  of  the  elbow  will  usually  re(iuire  opera- 


FiG.  226. — The  Ligaments  of  the  Elbow.  (After  Spalteholz.)  a,  Humerus;  b,  tendons  of  bi- 
cep.s  muscle  (cut  through);  c,  oblique  ligament;  d,  radius;  e,  interosseous  membrane  of  forearm; 
h,  ulna;  I,  lateral  ligaments. 


tive  relief  after  the  lapse  of  thi'ee  or  four  weeks,  because  of  shrinking  and 
cicatrization  of  the  soft  parts.  Several  methods  of  operating  have  been  sug- 
gested. Trendelenburg  and  ^'oelker  advise  a  transverse  section  of  the  olecra- 
non at  its  base  with  a  sharp  chisel;  replacement  of  the  bones  of  the  forearm; 
and  reunion  of  the  separated  portions  of  the  olecranon  with  wire  sutures,  von 
Bruns  recommends  a  partial  resection  of  the  joint  by  two  lateral  incisions.  He 
resects  one  and  one-half  or  two  inches  of  the  lower  end  of  the  humerus.  This 
operation  is  rendered  rather  difficult  by  adhesions  and  by  cicatrization  of  the  soft 
parts;  yet  it  seems  to  be  the  most  rational  i^rocedure  in  those  cases  which  are 
not  suited  to  the  von  Eiselberg  operation.  The  operation  should  not  l)e  done  in 
children,  since  it  involves  a  removal  of  the  epiphyseal  line.     In  adults  the  field 
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of  application  of  the  operation  lias  been  materially  broadened  by  the  arthro- 
plastic  methods  already  tlescribed.  von  Eiselberg  believes  that  the  irretluci- 
bility  depentls  \\-holly  upon  cicatricial  bands,  interposed  soft  parts,  and  aiUie- 
sions;  and  he  has  reported  excellent  results  from  arthrectomy  which  removes 
all  such  obstacles  to  reduction  and  restores  a  normal  joint.  Two  lateral  inci- 
sions are  made,  and  the  ends  of  the  bone  are 
carefully  freed  of  all  tiantls  and  adhesions,  be- 
fore the  reduction  is  made.  This  operation 
should  certainly  be  attempted  in  every  case; 
and,  when  it  is  found  impracticable,  partial 
resection,  as  recommended  by  von  Bruns  ani_l 
supplemented  by  an  arthroplastic  flap  of 
fascia,  should  be  emi)loyed. 

Epiphyseal  injury,  although  of  rather  in- 
frequent occurrence,  may  rec^uire  operative 
treatment.  The  author  has  always  been  able 
to  reduce  the  deformity  in  cases  of  this  sort 
and  retain  the  fragment  in  ))lace  by  utilizing 
the  position  of  acute  flexion  of  the  elbow;  but 
many  cases  are  on  record  which  have  de- 
manded operative  repjlacement  or  excision  of 
the  displaced  epiphysis. 

An.^tomic.vl  Coxsider.\tions. — While  no 
part  of  the  anatomy  of  the  elbow  joint  (Fig. 
226)  may  be  disregarded  in  performing  an  exci- 
sion, particular  attention  should  be  directetl  to 
the  follo^^•ing  points:  (1)  The  elbow  is  a  hinge 
joint,  and  the  muscles  are  arranged  for  the  pro- 
duction of  the  movements  which  belong  to  a 
joint  of  this  variety.  Tbis  fact  renders  neces- 
sarj'  the  preservation  of  the  olecranon  process, 
or  a  portion  of  it,  whenever  it  is  free  from 
disease.  (2)  The  periosteum  of  the  bone  is 
not  arranged  in  a  way  to  give  material  aid, 
if  preserved;  and  therefore  very  little  atten- 
tion need  be  paid  to  its  preservation,  except  at  the  sites  of  muscular  attach- 
ment. If  the  periosteum  is  preserved  at  the  outer  and  inner  sides,  a  suffi- 
cient lateral  stability  will  be  secured.  (3)  The  olecranon,  coronoid  process, 
and  tubercle  of  the  radius  .should  be  preserved,  when  pos.sible,  because  of 
their  nuiscidai-  attachments.  (4)  The  ulnar  nerve  should  be  carefully 
guarded  against  both  division  and  pressure  tluring  the  dissection  of  the  inner 
condyle.     (5)  The  functional  value  of  the  supinator  bre\as  muscle  and  the  fact 


Fig.  227.  —  LongitiKUn.al  Section 
through  the  Normal  Elbow  Joint,  Sliow- 
ing  tlie  Expansion  of  tlie  Synovial 
Membrane.  (After  Spalteliolz.)  a, 
Humerus;  6,  olecranon  fossa;  c,  joint 
capsule;  d,  olecranon;  e,  epiphyseal 
junction;  /,  ulna;  t,  oblique  ligament; 
s,  radius;  p,  coronoid  process  of  ulna; 
o,  trochlea  of  humerus;  I,  epiphyseal 
junction ;  h,  coronoid  fossa. 
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that  the  posterior  interosseous  nerve  passes  tln'ough  tlie  muscle  should  lie  con- 
stantly kept  in  mind  during  the  excision  of  llie  iiead  of  the  radius. 

The  Operation. — Of  the  many  incisions  that  have  been  desciibed  for  ex- 
cision of  the  elbow,  the  posterior  longitudinal  incision  of  Langcnbcck  will  be 
fovuid  most  satisfactory  («,  Fig.  228).  The  forearm  is  held  firmly  in  a  jjosi- 
tion  of  complete  extension,  and  a  straight  longitudinal  incision,  at  least  five 
inches  long,  is  made  behind  the  joint,  at  an  ecjual  di.stance  frnm  the  two  con- 
dyles. This  incision  begins  in  the  middle  of  the  olecranon,  is  made  down  to 
the  bone,  and  splits  the  triceps  tendon.  The  periosteum  over  the  olecranon 
process  is  now  elevated  inward  with  periosteotome  and  knife,  and  the  tissues 


Fig.  22S. — Excision  of  Uie  Elbow   Joint.      (After  Bryant.)     a,  Langenbeclc's  incision;  b,  Ollier's 
incision;  c,  tlie  incision  of  Liston  and  of  ^'on  Bruns. 


above  this  process  are  strongly  retracted  inward.  This  di.s.section  is  carried 
inward  as  far  as  the  tip  of  the  innei-  condyle  and  should  adhere  clo.st'ly  to  the 
bone  in  order  to  protect  the  ulnar  nei-ve.  The  muscle  attachments  to  the 
inner  condyle  should  be  separated  subperiosteally,  and,  when  disease  docs  not 
prevent,  a  thin  slice  of  bone  should  be  chiselled  off.  The  tissues  on  the  inner 
sitle  of  the  incision  should  now  be  allowed  to  fall  back  into  position,  and  an 
exactly  similar  dissection  should  be  made  in  an  outward  direction.  When 
the  attachments  of  the  external  lateral  ligament  and  the  external  muscles  have 
been  completely  separated,  the  tissues  on  both  sides  of  the  incision  are  strongly 
retracted;  the  elbow  is  flexed;  all  parts  still  tense  are  divided;  and  the  extrem- 
ities of  the  bones  are  forced  through  the  incision.     When  the  operation  is  done 
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for  fungous  tuberculosis,  a  subperiosteal  separation  of  the  lateral  structures 
may  be  impossible. 

Surgeons  differ  as  to  which  bone  should  be  excised  first;  but  this  point 
possesses  a  minor  importance  when  compared  with  the  exact  site  of  bone  sec- 
tion. Feai'  of  a  loose  joint  is  very  apt  to  cause  the  inexperienced  operator  to 
remove  an  insufhcient  amount  of  bone,  and  then  an  imperfect  result  will  follow. 
As  a  rule,  the  olecranon  should  be  first  sawed  through  from  behind  at  a  level 
wliich  will'  remove  the  greater  and  lesser  sigmoid  cavities;  then  the  radius 
should  be  removed  just  below  the  head.  The  error  of  removing  an  insufficient 
amount  of  bone  arises  in  the  case  of  the  humerus.  The  line  of  section  should 
pass  above  the  level  of  the  epicondyle  on  the  outer  side  antl  through  the  high- 
est part  of  the  epitrochlea  on  the  inner  side.  A  section  which  removes  only 
the  articular  surface  and  passes  through  the  lower  part  of  the  coronoid  and 
olecranon  fossw  will  not  be  sufficient.  As  a  test  of  sufficient  removal  of  bone, 
Jacobson  states  that  the  mobility  should  be  sufficient  to  permit  the  hand  to 
be  placed  "not  only  on  the  shoulder  of  the  opposite  side,  and  to  the  mouth, 
but  (in  the  shouldei-  of  the  same  sitle,  and  behind  the  back  to  the  angle  of  the 
opposite  scapula."  Removal  of  this  amount  of  bone  will  leave  an  interval  of 
about  one  inch  and  a  half  between  the  cut  emls  of  the  bones.  This  interval  is 
considered  to  be  about  correct. 

AA'hen  the  bones  ha\'e  been  divided,  the  syno^•ial  cavity  is  fully  exposed  for 
complete  dissection  in  the  case  of  disease.  In  tulx'rculosis,  a  systematic  plan 
should  bo  follow(>d,  and  ever}-  particle  of  suspicious  tissue  should  be  i-emoved 
by  sharp  dissection.  Any  foci  of  disease  left  in  the  bones  should  be  cut  out 
with  a  strong-bladed  knife;  particular  attention  should  be  given  to  extensions 
downward  from  the  radio-ulnar  articulation;  and  any  cavities  left  in  the  bone 
should  be  filled  with  Mosetig-^Ioorhof's  iodoform  bone-plugging  material.  (See 
Vol.  I.,  p.  724.)  A  roughening  of  the  periosteum  above  the  line  of  bone  section 
does  not  neces.sarily  mean  tuberculous  invasion.  Finally,  sinu.ses  and  pockets 
should  be  carefully  dissected  out  or  curetted,  and  the  entire  area  of  infection 
should  be  thoroughly  mopped — first,  with  pine  carbolic  acid,  which  is  left  in 
contact  for  about  a  minute,  and  then  with  alcohol;  and  the  wound  will  then  ho 
ready  for  closure.  Opinions  differ  as  to  whether  it  is  best  to  remove  the 
tourniquet  before  closing  the  wound  or  after  the  dressings  are  applied.  The 
writer  believes  that  it  will  always  be  far  safer  to  remove  the  tourniquet  and 
secure  all  bleeding  points  before  closing  the  wound. 

The  wound  is  not  suturetl  except  at  the  ends,  liberal  drainage  is  introduced, 
and  the  arm  is  immobilized  in  a  position  of  semi-flexion  and  midway  between 
pronation  and  supination.  For  this  )Hirpose  a  wire  splint,  such  as  has  been 
recommended  by  Esmarch,  or  an  anterior  strap  splint  of  plaster  of  Paris,  re- 
inforced by  a  metal  bar,  or  an  interrupted  plaster  splint  may  be  used.  Any 
splint  used  for  the  purpose  should  furnish  efficient  immobilization  and,  at  the 
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samr  time,  ^'hould  perniit  thu  wound  to  he  di-csscd  without  disturl/nifj;  tin;  posi- 
tion of  the  l)ones. 

The  wound  should  not  be  dressed  for  from  five  to  seven  days,  unless  definite 
indicntions  arise.  The  fingers  and  wrist  should  be  moved  on  the  second  day. 
The  elbow  should  not  be  moved  until  the  wound  has  healed  sufficiently  to  give 
stability  to  the  joint,  that  is,  in  ahoul  three  weeks;  and  when  this  is  done  the 
bones  should  Ije  held  in  tlieir  respective  positions.  Passive  motion  is  advo- 
cated by  some  surgeons  at  a  much  earlier  date;  but  this  course  does  not  seem 
desirable  to  the  writer,  since  early  manipulation  is  certain  to  keep  up  the  in- 
flanmiatory  reaction  and  cause  an  induration  which  will  dela}-  latlier  than 
hasten  the  result.  Motion  at  the  end  of  three  weeks  will  undoubtedly  produce 
some  inflammatory  reaction ;  but  this  will  l^e  shght,  and  the  tissues  are  at  that 
time  in  much  better  condition  to  be  mobilized.  The  movements  should  be 
very  gentle  and  limited  in  their  range  at  the  start ,  then  they  should  be  gradu- 
ally increased,  until  recovery  is  complete.  The  movements  practised  slunild 
be  flexion  and  extension  at  the  elbow  and  rotation  of  the  forearm.  ^^Tlcn  ro- 
tation of  the  forearm  is  being  made,  the  ulna  should  be  held  in  a  fixed  position 
and  the  ratUus  gently  rotated.  After  healing  has  progressed  fairly  well,  the 
patient  should  be  encouraged  to  use  the  joint  more  and  more  in  light  exer- 
cise, and  finally  gymnasium  work  shoukl  lie  prescribed.  The  after-treat- 
ment of  such  cases  becomes  a  very  difficult  matter  when  the  patients  are  young 
children.  A  child  naturally  refuses  to  use  a  painful  joint;  the  parents,  further- 
more, have  not  the  heart  to  carry  out  such  instructions,  and  too  often  they  are 
quite  as  difficult  to  manage  as  the  little  patient,  when  they  are  called  upon  to 
witness  the  necessary  pain  that  is  inflicted  by  the  surgeon.  It  is  often  neces- 
sary to  anaesthetize  the  child  several  times,  in  order  to  gain  the  range  of  mo- 
tion that  is  desired.  Gentle  and  systematic  massage,  given  by  a  nurse  who  can 
gain  and  retain  the  confidence  of  the  httle  patient,  is  incUspensablc.  Falls  on 
the  elbow  shoulci  be  carefully  avoided. 

The  operation  described  above  refers  to  complete  excision  of  the  elbow 
joint;  yet,  as  has  already  been  stated  mider  the  heading  of  Inchcations  for  the 
Operation  of  Excision,  tliis  complete  excision  is  not  often  performed  unless  it 
is  demanded  by  extensive  disease.  Even  in  tuberculous  joint  disease,  the  olec- 
ranon should  be  preserved  when  it  is  not  definitely  diseased.  The  author 
has  derived  much  satisfaction  from  the  incLsion  described  by  Liston  and  von 
Bruns  and  from  the  bilateral  incision  of  Hueter,  which  is  to  be  employed  when 
the  olecranon  is  to  be  preserved. 

In  Liston's  operation  (c,  Fig.  228)  the  joint  is  opened  by  a  longitudinal 
incision  three  or  four  inches  long,  which  is  made  along  the  inner  border  of  the 
olecranon.  A  second  tran.sverse  incision  starts  over  the  radio-humeral  articu- 
lation and  extends  to  the  first  incision.  This  incision  is  carried  down  to  the 
bone  and  opens  the  radio-humeral  joint.     The  olecranon  is  next  sawed  off  at 
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its  base  and  rcHccted  upward  and  outward  with  the  attached  triceps  muscle. 
The  remainder  of  the  di.^section  is  contkicted  in  a  manner  similar  to  that  al- 
ready described.  ^\  hen  the  operation  has  been  completed,  and  all  diseased 
bone  has  been  removed,  the  olecranon  is  sutured  in  place.  This  operation 
gives  a  most  excellent  exposure  of  the  joint  for  erasion  in  synovial  tuberculosis 
antl  for  excision,  partial  or  complete,  when  this  is  necessary.  Resuture  of  the 
olecranon  restores  the  posterior  support  of  the  joint  and  leaves  the  function 
of  the  triceps  muscle  practically  unimpaired. 

The  employment  of  two  lateral  incisions  has  been  frequently  resorted  to 
by  Hueter,  Oilier,  and  others,  and  seems  particularly  adapted  to  cases  of  anky- 
losis and  to  those  in  which  a  partial  excision,  with  or  without  arthroplasty,  is 
required.  A  short,  vertical  incision,  about  one  inch  long,  is  first  made  shghtly 
in  front  of  the  inner  condyle,  and  the  muscular  and  Ugamentous  attachments 
to  this  prominence  are  carefully  detached.  A  radial  incision,  four  inches  long, 
is  then  made  with  its  centre  over  the  external  condyle,  and  the  structures 
attached  to  this  point  are  dealt  with  in  a  similar  way.  The  incision  is  carrictl 
through  the  orbicular  ligament  and  exposes  the  head  of  the  radius,  whereupon 
it  can  be  removed,  if  deemed  wise,  either  with  a  saw  or  with  a  bone-forceps. 
The  humerus  is  either  exposed  by  careful  retraction  and  divided  in  the  wound 
by  a  narrow  saw,  or  it  is  tlu'ust  through  the  outer  wound  and  sawed  off.  If 
a  complete  excision  is  to  be  done,  the  olecranon  can  be  dissected  out  and  re- 
moved. As  has  already  been  stated,  however,  partial  excision  will  be  done 
in  most  cases  of  ankylosis,  injury,  and  unreduced  backward  dislocation,  and 
the  humerus  alone  will  be  resected.  Wien  the  operation  is  done  for  any  one 
of  these  conditions,  the  outer  skin  incision  should  be  very  greatly  extended, 
in  order  to  obtain  a  fascial  flap  of  sufficient  size  to  extend  entirely  across  the 
joint  and  cover  the  lower  rounded  end  of  the  humerus;  the  operation  should 
then  be  completed  in  accordance  with  arthroplastic  requirements.  This  meas- 
ure will  midoubtedly  add  very  greatly  to  the  success  of  such  operations,  since 
it  will  not  only  insure  to  a  large  degree  a  movable  joint,  but  will  also,  by  reason 
of  the  preservation  of  the  olecranon,  give  a  joint  of  very  strong  action. 

Ollier's  bayonet -shaped  incision  (b,  Fig.  228)  has  been  advocated  as  giving 
more  room  for  manipulation,  a  more  satisfactory  wound  for  after-treatment, 
and  an  operation  better  suited  to  partial  excision,  should  this  be  found  desir- 
able after  an  exploratory  incision.  Ollier's  incision  was  originally  designed 
for  the  treatment  of  ankylosis  in  the  extended  position.  The  incision  begins 
on  the  outer  side  of  the  arm,  two  and  one-half  inches  above  the  joint,  in  the 
groove  between  the  triceps  and  supinator  longus,  and  is  carried  downward  to 
the  tip  of  the  external  condyle.  It  then  takes  an  oblique  course  downward 
and  inward  to  the  base  of  the  olecranon,  and  finally  descends  vertically  for  a 
distance  of  two  inches  along  the  posterior  border  of  the  ulna.  A  second  in- 
cision one  inch  long  is  made  over  the  inner  condyle,  for  the  purpose  of  detach- 
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in<I  [\\v  imisclc  and  ligaiiiciit  from  tliis  .struclurc     'I1ic  rciiiaiiidcr  of  tlu'  ojH'ra- 
tion  is  coikIucUhI  in  acconlancc  witli  I  lie  piiiiciplcs  already  given. 

Tlie  result,  after  excision,  will  be  estimated  upon  a  basis  (1)  of  the  cure  of 
disease,  and  (2)  of  the  range  of  motion  at  the  elbow.  Damianos  gives  the  fol- 
lowing statistics  for  excision  of  the  elbow  in  tuberculosis  of  this  joint:  In  a 
.series  of  32  cases,  no  patient  died  from  the  operation.  Of  20  patients  con- 
cerning whom  a  subsequent  history  could  be  obtained  it  was  found,  at 
least  one  year  after  operation,  that  in  10  cases  the  elbow  had  completely  healed 
without  fistula,  swelhng,  or  pain;  that  in  1  case  there  remained  unhnpor- 
tant  fistula'  which  were  almost  closed;  that  3  required  slight  subsequent 
operations;  that.  6  had  died,  after  the  expiration  of  one  year,  fi'om  pulmonary 
tul)erculosis.  and  that  good  motion  had  been  obtained  in  21.4  per  cent,  slight 
motion  in  50  per  cent,  and  ankylosis  in  28.6  per  cent  of  these  eases.  Some  of 
these  patients  could  do  heavy  work,  while  others  were  able  to  do  only  light 
work. 

\\1ien  the  wound  does  not  heal  after  excision  for  tuberculosis,  it  may  be 
assumed  that  infected  material  is  still  jjresent  in  some  portion  of  the  wound; 
and  a  prompt  secondary  operation  should  then  be  done  to  remove  this  focus, 
which  is  usually  so  small  that  a  very  slight  operation  will  accomplish  the 
purpose.  This  operation  will  consist  in  thoroughly  opening  up  sinuses,  in 
removing  by  curettage  or  sharja  dissection  all  suspicious  tissue,  in  thoroughly 
mopping  the  wound  with  pure  carbolic  acid,  and  in  leaving  the  wound  \\u\e 
open  for  treatment.  It  is  very  comforting  to  know  that  a  dissemination  of  the 
infection  to  other  parts  of  the  body  rarely  follows  excision  of  the  elbow  for 
tuberculosis. 

In  such  conditions  as  ankylosis  and  unreduced  backward  dislocation  the 
result  will  be  estimated  almost  solely  upon  a  basis  of  restored  motion.  It 
may  be  assumed  that  a  good  result  has  been  obtained  when  the  patient  can, 
in  about  four  months,  move  the  joint  freely  and  use  it  efficiently  in  feeding  and 
dressing,  and  can  do  light  work.  In  one  j^ear  the  joint  should  be  firm  and 
strong  and  should  be  equal  to  hard  work.  As  has  already  been  stated,  the  com- 
pleteness of  the  result  will  depend  very  largely  upon  the  method  of  operating. 
Any  lateral  or  forward  displacement  of  the  forearm  while  it  is  in  the  splint,  the 
resort  to  passive  motion  at  too  early  a  date,  or  the  wasting  of  the  muscles  may 
be  a  direct  cause  of  a  flail  joint.  The  result  of  the  operation  may  therefore 
be  a  complete  success,  a  partial  success,  or  a  failure,  i.e.,  a  condition  of  anky- 
losis or  a  loose  joint.  It  is  firmly  believed  that  arthroplasty  will  very  greatly 
reduce  the  number  of  failures  after  operations  of  this  type.  Indeed,  failure 
should  not  often  occur  when  a  proper  technique  is  used. 

Should  ankylosis  occur  after  excision  by  one  of  the  usual  methods,  a  further 
operation  has  been  looked  upon  as  inadvisable,  since  a  loose  joint  is  likely  to 
result.     Cases  of  this  type  should  be  carefully  studied,  however,  in  order  to 
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determine  whether  an  art hro plastic  operation  or  an  osteotomy,  for  the  pur- 
pose of  securing  bony  union  at  a  useful  angle,  will  not  improve  the  functional 
value  of  the  elbow. 

A  loose  joint  should  be  treated  either  l)y  the  appUcation  of  a  carefully  con- 
structed supporting  apparatus,  or  by  an  operation  designed  to  give  bony  union 
at  a  useful  angle.  Kocher  uses  a  support  which  consists  of  two  leather  collars, 
fitting  closely  around  the  arm  and  forearm  and  connected  latei'ally  by  two 
metal  bars,  which  can  be  clamped  at  any  angle.  This  may  be  usetl,  tluring 
convalescence,  in  those  cases  which  ilo  not  ultimately  gain  an  entirely  strong 
joint  and  need  additional  support  ^\•hen  tloing  heavy  work;  or  it  may  be  used 
in  the  hopelessly  loose  joint.  In  this  way  a  permanently  loose  joint  may  be- 
come very  useful  to  a  patient. 

Erasion  of  the  ELBOA^'  Joint. — Erasion  of  the  elbow  joint  has  not  been 
extensively  done;  yet  the  wTiter  is  of  the  opinion  that  the  method  should  re- 
ceive careful  study,  and  that  it  possesses  a  wider  field  of  application  than  has 
thus  far  been  assigned  to  it.  In  synovial  tuberculosis  and  in  those  cases  which 
show  a  ^•ery  limited  bone  lesion  the  technique  described  below  will  give  results 
that  could  not  be  obtained  from  excision.  Excision  cannot  promise  motion 
without  removing  the  epiphyseal  end  of  the  humerus:  and,  in  children,  this 
loss  of  the  epiphyseal  line  means  a  very  serious  shortening.  The  syno\-ial 
membrane  can  be  very  completely  exposed  to  view  by  the  von  Bruns  incision 
and  a  complete  dissection  can  be  made.  The  following  case,  seen  with  Dr. 
Frank  Perry,  of  Norwood,  (Jhio,  will  illustrate  these  points  very  well: 

The  i)atient,  a  foundry  worker,  aged  27,  had  suffered  for  a  few  weeks  from  rather 
acute  sjTtiptoms  of  arthritis  in  the  elbow  joint .  lnniiol)ilization  for  three  weeks  gave 
no  results,  and  the  patient,  who  was  a  poor  man,  Ijecame  very  much  worried  over  the 
prospect  of  a  prolonged  period  of  immobilization.  Operation  was  suggested  and 
promptly  accepted  as  the  alternative.  The  joint  was  opened  by  the  von  Bruns 
method,  and  at  least  one  ounce  of  a  material  like  curd  and  whey  was  evacuated. 
The  entire  syno\'ial  membrane  was  covered  by  tuberculous  granulations,  and  there 
was  a  limited  superficial  ostitis  in  the  radio-ulnar  articulation.  The  articular 
ends  of  the  bones  were  glistening  and  uninvolved.  A  careful,  sharp  dissection  was 
made,  all  raw  surfaces  were  mopped,  for  about  one  minute,  first  with  pure  car- 
bolic acid  and  then  with  alcohol,  and  the  joint  was  closed  with  free  drainage.  The 
drainage  was  removed  at  the  end  of  forty-eight  hours.  The  fingers  and  wrist  were 
moved  from  the  start,  and  the  elbow  only  after  the  lapse  of  three  weeks.  At  the 
end  of  six  weeks  the  motion  was  good  and  unaccompanied  by  pain.  In  about  ten 
weeks  the  patient  began  to  work  regularly,  handling  section  bookcases,  and  at 
the  end  of  six  months  he  returned  to  his  regular  work  in  a  foundry.  By  this  time 
the  elbow  had  regained  all  motions  completely,  the  arm  was  almost  as  strong  as 
fomierly  and  gave  no  s\Tnptoms.  At  the  jn-esent  time,  after  the  lapse  of  two  years 
of  continuous  work,  these  same  favorable  conditions  are  maintained.  I  should  add 
that  the  diagnosis  of  tuberculosis  of  the  elbow  joint  was  confirmed  by  a  careful 
microscopic  examination, 
vol..  IV. — 27 
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So  far  as  cuuld  lie  jiidiicil  tVcun  tlic  symptoms,  tliis  ])ati('nt  sufforeil  from  a 
purely  localizcil  tuhcrculdus  iiiflaiiimatidii,  wliicli  llirratciicil  the  joint,  possi- 
bly the  life.  There  must  obviously  have  been  a  tuberculous  focus  elsewhere 
in  the  body,  from  which  the  joint  became  infected  through  the  circulation;  yet 
the  uncertainty  as  to  the  nature  and  locality  of  this  jirimary  focus,  and  the 
infrequency  with  which  other  similar  lesions  develoi).  justify  us  in  disregard- 
ing  it,  in  dii'ccling  tnw  attention  to  the  only  evident  seat  of  tuberculous  dis- 
ease, and  in  deahng  with  the  joint  lesion  as  though  it  were  pui'elj'  localized. 
Within  this  joint  the  tuberculous  lesion  was  strictly  limited  to  the  synovial 
membrane,  and  there  was  no  indication  for  removing  good  bone,  covered  by 
normal  articular  cartilage.  It  is  cjuite  obvious  that  erasion  can  give  a  movable 
joint  only  when  the  articular  cartilages  are  normal,  and  that  this  operation 
will  be  applicable  only  in  early  cases.  It  is  therefore  recommended  that  the 
operation  for  tuberculosis  of  the  elbow  should  be  undeitaken  with  the  idea 
that  erasion,  partial  excision,  or  total  exci.sion  may  be  best  suited  to  the  indi- 
vidual case;  and  that  consequently  an  incision  should  be  used  which  will  an- 
swer for  either  one  of  these  three  jirocedures.  The  von  Bruns  incision  has,  in 
the  writer's  experience,  fulfilled  these  requirements. 

Excision  of  the  Radius. — This  operation  may  lie  necessary  for  either  the 
partial  or  the  total  lemoval  of  the  bone.  The  head  of  the  bone  may  require 
excision  in  cases  of  fracture-dislocation  or  in  old  unretluccd  dislocation  of  the 
head  where  the  movements  of  the  forearm  are  much  hampered.  The  writer 
has  seen,  with  Dr.  Cadwallader,  of  Norwood,  Ohio,  a  case  of  compound  fract- 
ure-dislocation of  the  head  of  the  radius  in  which  excision  was  demanded: 

In  this  case  a  very  heavy  man,  40  years  of  age,  fell  about  ten  feet  from  a  roof 
and  sustained  a  severe  injury  to  the  elbow,  with  evident  fracture  and  a  small 
wound  over  the  head  of  the  radius.  The  head  of  the  radius  was  found  to  be  almost 
free  in  the  deeper  paits  of  the  wound  and  was  easily  removed.  The  wound  healed 
promptly  without  infection.  After  painstaking  massage  and  passive  motion,  twice 
under  an  anaesthetic,  this  patient  regained  complete  motion  in  the  elbow  joint, 
and  three  months  after  operation  he  reported  to  the  writer  that  he  had  on  that 
day  used  this  arm  for  nine  hours  continuously  in  driving  spikes. 

When  the  operation  is  done  for  old  unreduced  dislocation,  an  incision  two 
inches  long  is  made  over  the  prominent  head  of  the  bone;  the  filires  of  the 
supinator  longus  arc  separated,  with  due  regard  for  the  musculo-spiral  nerve; 
and  the  bone  is  exposed  and  cleared  by  blunt  dissection.  The  head  of  the 
bone  is  removed  with  a  Gigli  saw  or  with  a  cutting  bone-forceps;  the  forearm 
is  then  moved  freely,  but  carefully,  in  order  to  break  up  adhesions;  and,  finally, 
the  limb  is  immobilized,  until  the  appropriate  time  for  passive  motion  shall 
have  arrived. 

The  shaft  of  the  bone  or  a  portion  of  the  shaft  may  require  excision,  as, 
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for  example,  after  extensive  osteoiuycliti.s.  The  iaeision  for  exposing  tlie  l)one 
should  be  niailc  over  its  most  superhcial  portion.  The  general  principles  of 
excision  of  bone  have  been  discussed  mider  the  heading  of  Excision  of  the 
Tibia  and  Fibula  (page  455),  and  need  not  be  repeated  at  this  point. 

Excision  of  the  Wrist. — Excision  of  this  joint  presents  difficulties  which  are 
quite  out  of  proportion  to  those  encountered  in  other  joints.  Tlu>  complicated 
nature  of  the  articulations  and  the  irregularity  of  the  synovial  membrane  ren- 
der the  region  particularly  suliject  to  a  progressive  extension  of  a  tuberculous  or 
septic  process,  and  increase  greatly  the  likelihood  of  overlooking  side  exten- 
sions of  disease  when  an  operation  is  perforinetl  for  its  eradication.  The  close 
relation.ship  of  the  flexor  and  extensor  tendons  to  the  joint,  running  as  they 
do,  in  many  instances,  in  grooves  in  bones,  introduces  a  second  difficulty.  In- 
jury to  these  tendons  will  interfere  seriously  with  the  result,  or  added  difficul- 
ties will  be  presented  by  the  very  frei.|uent  extension  of  tlie  tuberculous  process 
to  the  tendon  sheaths  themselves.  The  great  variety  antl  the  delicacy  of  the 
movements  of  the  wrist  will  make  it  difficult  to  obtain  satisfactory  functional 
results.  These  difficulties  all  contribute  to  bad  or  indifferent  results,  and  the 
operation  of  excision  of  the  wrist  has  not  enjoyed  the  favor  that  has  been 
accorded  to  the  same  operation  in  other  joints.  Recurrence  of  a  tuberculous 
process,  locally,  has  been  frequent;  pulmonary  tuberculosis  has  developed; 
matting  or  sloughing  of  the  tendons  has  caused  a  fin-like  hand;  and  ankylosis 
has  occiured.  It  is  undoubtedly  true,  however,  that,  as  a  result  of  such  ex- 
periences, conservatism  regarding  operations  ujxm  this  joint  was  foi'merly 
carried  too  far;  but  it-  is  the  writer's  belief  that  the  field  for  the  application 
of  this  operation  has  of  late  years  been  greatly  extended.  The  difficulties 
enimierated  will  direct  our  attention  very  strongly  to  the  necessity  of  care- 
fully selecting  the  cases  for  operation.  There  are  some  cases,  for  example, 
that  are  clearly  imsuited  to  excision,  by  reason  of  the  extent  of  the  disease, 
the  degree  of  atrophy  of  the  muscles,  or  the  general  condition  of  the  patient; 
and,  when  this  is  the  case,  the  alternative  amputation  should  be  appUed. 
There  are  other  cases  in  which  a  partial  excision  or  a  conservative  atypical 
operation  will  yield  results  superior  to  excision. 

The  indications  for  the  operation  are:  (1)  Tuberculosis  of  the  radio-carpal, 
carpal,  or  carpo-metacarpal  joints,  alone  or  combined,  requires  excision. 
(2)  Suppuration  of  the  joints  may  require  excision,  for  the  purpose  of  se- 
curing proper  drainage.  The  articular  surfaces  of  the  radius  and  the  ulna 
should  be  preserved  if  possible.  The  functional  result,  after  operation  for 
this  condition,  is  almo.st  certain  to  be  incomplete,  especially  when  the  tendon 
sheaths  have  been  involved  in  the  inflammatory  process.  (3)  Complicated 
injury  to  the  joint,  as  in  gimshot  wounds  and  in  compound  fracture,  may  re- 
quire excision.  This  should  not  be  tlone  as  a  [irimary  operation,  however, 
and  not  until  a  careful  review  of  the  situation  has  shown  that  aseptic  wound 
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treatment  and  careful  plastic  repair  of  the  damage  donelo  tlie  joint  are  imprac- 
tical lie.     (Juite  unexpected  results uill  oftentimes  he  obtained  l)y  this  procedure, 

and  the  patient  will  he  saA'ed  the  more 
exiciisive  ()])eration  of  excision  or  am- 
putation. 

Anatomical  CoxsiDEK.VTioNS. — Ref- 
erence has  already  been  made  to  the 
complicated  nature  of  this  joint,  and  it 
may  be  safely  asserted  that  there  is 
scarcely  a  point  in  the  anatomy  of  the 
region  which  does  not  require  careful 
review  before  this  ax-i'V  difficult  opera- 
tion is  undertaken.  There  are  many 
irregular  liones  making  up  the  joint,  anfl 
these  bones  are  firmly  bound  together 
in  every  direction  by  ligaments  which 
permit  of  Init  limited  movement  be- 
tween the  articular  surfaces.  The  syno- 
\ial  membrane  is  divided  into  five 
distinct  cavities,  any  of  which  may  be 
tiiseased  or  not.  The  joint  is  surrounded 
I )y  imi)ortant  tendons,  nerves, and blood- 
\essels.  The  period  of  development  of 
the  epiphyseal  centres  should  also  receive 
careful  consideration  when  the  condi- 
tions are  such  as  to  call  for  an  atypi- 
cal excision.  It  is  an  established  rule 
that  this  excision  should  be  subjx'ri- 
FiG.  229.-Excision  of  the  Wrist  )j>  tiie     osteal,  and  the  joint  should  be  studied 

Dorso-ulnar  Incision  Carried  tlirougli  tlie  Cap-       anatomically,    with     this    point    iuvleW. 

The  location  of  tendon  insertions  shoukl 
Ije  accurately  known  by  the  operator. 
Tendons  should  not  be  divided,  unless  it 
become  imperative,  and  in  this  instance 
both  the  tendon  and  its  sheath  should  be 
accurately  reunited. 
The  Operation. — Kocher  resects  through  a  single  incision  on  the  dorsum. 
(Fig.  229.)  The  hand  is  placed  on  a  sand  bag  in  a  slightly  flexed  position,  and 
a  slcin  incision,  four  inches  long,  is  made  from  tlie  middle  of  the  interspace 
between  the  metacarpal  bones  of  the  ring  and  middle  fingers,  ujro-ard  and  out- 
ward, in  an  oblique  or  somewhat  curved  course,  toward  the  radius.  The 
deeper  structures  are  now  divided  by  an  incision  between  the  extensor  com- 


sule.  (.4fter  Koclier.)  a,  Tendon  of  extensor 
minimi  digiti;  b,  tendons  of  extensor  commu- 
nis digitorum;  c,  fascia;  d,  radius;  c,  ulna: 
/,  posterior  annular  ligament;  o,  triangular 
fibro-cartilage;  v,  semilunar  bone;  p,  cunei- 
form bone;  h,  unciform  bone;  x,  dorsal  branch 
of  ulnar  nerve;  i/,  base  of  fifth  metacarpal; 
2,  posterior  ulnar  vein. 
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munis  digitorum  and  the  extensor  of  tlio  little  finger,  and  the  joint  is  opened 
helow.  The  tendon  of  the  extensor  carpi  ulnaris  is  detached  from  the  fifth 
metacarpal  hone,  and,  al.iove,  the  tendon  is  lifted  from  its  groove  in  the  ulna. 
The  capsule  is  rather  easily  separateil  from  the  lower  end  of  the  ulna.  The 
capsule  is  divided  over  the  cuneifui-ni,  the  jdint  between  this  bone  and  the 
[lisiform  is  opened,  and  the  tenelon  of  tlie  flexor  carpi  ulnaris  is  left  intact. 
Tlie  hook  of  the  unciform  is  now  cut  across,  special  care  being  taken  to  pre- 


FiG.  230. — Excision  of  the  Wrist  by  the  Dorso-ulnar  Incision;  Second  Stage.  The  wrist  joint 
is  dislocated  and  the  posterior  ligament  is  detached  from  the  bones  of  the  forearm.  (After  Kocher.) 
a,  Radius;  b,  styloid  process  of  ulna;  c,  ulna;  d,  tendon  of  the  extensor  minimi  digit! ;  e,  scaphoid; 
/,  semilunar;  i,  os  magnum;  k,  cuneiform;  y,  unciform:  o,  pisiform:  x,  fifth  metacarpal;  y,  dorsal 
branch  of  the  ulnar  nerve;  z,  posterior  ulnar  vein. 


serve  the  deep  brancli  of  tlie  ulnar  nerve,  and  the  bundle  of  flexor  tendons  is 
easily  di.s]ilaced  outward  in  one  mass.  The  ligamentous  attachments  of  the 
three  inner  metacarpals  are  divided  on  the  palmar  aspect,  but  the  insertion 
of  the  flexor  carpi  radialis  into  the  secontl  metacarpal  bone  is  preserved.  The 
attachments  of  the  capsule  to  the  anterior  border  of  the  lower  end  of  the  radius 
are  separated.  The  capsule  is  separated  from  the  radius,  in  a  similar  manner, 
upon  the  dorsal  aspect,  special  care  being  taken,  when  the  radial  side  has  been 
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rcaclu'd,  to  lil'l  all  tciiddiis  IVmii  llicii-  .i;r()(i\-cs.  The  insertions  of  the  tendons 
of  the  radiul  extensors  are  not  detached  from  the  dorsal  aspect  of  the  thii'd  and 
second  metacarpal  bones. 

The  hand  is  now  forcibly  dislocated  toward  the  radial  and  palmar  side,  so 
that  the  thumb  lies  in  contact  Avitli  tlie  ladial  border  of  tlic  forearm.  (Fig. 
2;W.)     It  may  be  necessary  to  separate  ihv.  capsule  and  })eriosteum  still  further 


Fig.  231. — Excision  of  the  Wrist,     a,  Langenhcclv's  inci.sion;  aa',  Ollier's  radia!  incision. 


from  the  radius.  The  carpal  bones  may  now  be  dissected  out  \^'ith  ease,  and 
a  thin  layer  is  removed  from  the  articular  surfaces  of  the  radius  and  ulna. 
Some  difificulty  may  be  encountered  in  removing  the  trapezoid  and  the  bases 
of  the  three  radial  metacarpals,  but  this  disad\'antage  is  more  than  offset  by 
the  great  functional  advantage  of  preserving  intact  the  radial  extensors.  \Vlien 
the  disease  involves  this  region  mainly,  and  it  is  necessary  to  obtain  a  thor- 
ough exposure,  the  dorso-radial  incision  of  Langenbeck  (Fig.  231)  maybe  used. 
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The  ends  of  the  radius  and  uhia  should  be  sawed  in  a  curving  direction,  since 
rounded  bone  ends  facilitate  greatly  the  motions  of  dorsal  and  palmar  flexion. 
The  amount  of  bone  excised  \^'ill,  of  course,  depend  entirely  upon  the  extent 
of  the  area  diseased.  Tlie  dissecti<.)n  and  the  excision  of  diseased  soft  tissues 
should  be  conducted  in  the  same  accurate  and  careful  manner  that  is  observed 
in  the  removal  of  a  malignant  tumor.  The  periosteum  cannot  l:)e  preserved  in 
all  places,  and  side  extensions  of  disease  or  sinu.ses  shoukl  l)e  carefully  excised. 

Langenbeck  re.sccts  through  a  straight  dor.so-radial  incision,  which  begins 
over  the  middle  of  the  second  metacai'pal  bone  and  extends  upward  over  the 
middle  of  the  wrist  antl  along  the  axis  of  the  forearm  to  a  jKiint  about  one 
inch  above  the  lower  extremity  of  the  radius.  This  incision  strikes  the  inter- 
val between  the  tendons  of  the  extensor  comnuniis  iligitorum  and  exten.sor 
hidicis  on  the  ulnar  side,  and  the  extensor  longus  and  brevis  ])ollicis  on  the 
radial  side.  The  inci.^ion  jmsses  through  the  posterior  annular  ligament  and 
down  to  the  radius  abo\'e,  opens  the  joint,  and  extends  downward  on  the  base 
of  the  third  metacarpal  bone.  The  tendon  insertions  of  the  extensor  carpi 
radialis  brevior  and  longinr  are  detache<l  frtnii  the  third  and  second  meta- 
carpal bones  respectively,  and  the  ends  of  these  bones  arc  exposed.  The  soft 
tissues  are  now  retracted,  the  periosteum  on  the  posterior  surface  of  the  lower 
end  of  the  ulna  is  elevated  in  a  similar  manner,  and  all  structures  are  drawn 
inward.  The  ratlio-car].)al  joint  is  now  well  exjjosed  by  flexing  the  wrist,  and 
the  first  row  of  cai'pal  bones  may  be  removed,  subperiosteally  if  possible.  If 
neces.sary,  the  second  row  is  removed  in  a  sinular  manner.  The  remaining 
steps  of  the  operation  dift'er  in  no  way  from  those  already'  described. 

Oilier  recommends  the  use  of  two  incisions  for  the  purposes  of  excision, 
and  a  thirtl  for  tlrainage  only,  and  he  describes  the  operation  in  two  stages. 
The  first  stage  deals  with  the  dissection  of  the  soft  parts,  and  the  second  stage 
with  the  excision  of  bone. 

/''('/•.-•/  Stage. — The  chief  incision  is  made  on  the  radial  side  of  the  dorsum: 
it  begins  over  the  middle  of  the  second  metacarpal  bone  and  extends  upwanl, 
in  a  somewhat  curved  course,  along  the  radial  border  of  the  extensor  indicis 
tendon  to  a  point  one  inch  and  a  half  above  the  line  of  the  radio-ulnar  joint. 
The  extensor  indicis  is  exposed  without  opening  its  sheath,  and  retracted  care- 
fully toward  the  ulnar  side.  The  incision  is  then  carried  down  to  the  perios- 
teum and  dorsal  ligaments,  great  care  being  taken  not  to  injure  the  extensor 
carpi  railialis  lirevior,  antl  the  attachment  of  this  muscle  to  the  base  of  the 
third  metacarpal  bone  is  separated.  In  the  upper  end  of  the  incision  the  ex- 
tensor longus  poUicis  will  be  encountered  and  should  be  drawn  outward. 
This  incision  should  be  al)out  four  inches  long.  The  ulnar  incision  is  made 
along  the  radial  border  of  the  extensor  carpi  ulnaris ;  it  begins  over  the  base  of 
the  fifth  metacarjjal  bone  and  ends  at  a  point  about  one  inch  above  the  tip  of 
the  styloid  process.     The  branch  of  the  ulnar  nerve  which  goes  to  the  little 
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Iiiii;;cr  ri'dsscs  tliis  liiK^  and  sliould  he  uA'diilcil.  This  incisiim  i'xtcii(l,-i  ddwii  to 
the  cuiH'ironn  and  luicil'oini  hones.  A  tliird  incision,  (inc  incli  l(in<i',  ii\'cr  the 
styloid  process  of  the  radius,  is  reconmicndcil  Ini-  drainage  only;  and  this 
inci.siou  shoukl  be  made  at  this  stage  of  tlie  oiieration,  before  the  r(»lations  of 
the  parts  are  distvu'bed. 

Second  Stage. — The  second  stage  of  the  o)>eration  jx'rtains  to  the  removal 
of  the  bones.  This  part  of  the  ojieration  does  not  difl'er  materially  in  technique 
from  that  already  described.  The  trapezium  may  often  be  left,  and  the  pisi- 
form and  unciform  jirocesses  should  always  be  left,  even  when  the  greater  part  of 
the  articular  ends  of  the  liones  have  been  removed. 

Lord  Lister's  operation  is  also  jierformed  through  a  radial  and  an  ulnar 
incision.  The  radial  incision  begins  over  the  middle  of  the  dorsal  .surface  of 
the  I'adius,  on  a  \eve\  with  the  styloid  proce.ss,  and  is  directed  toward  the  meta- 
carpo-phalangeal  joint  of  the  thumb,  in  a  line  parallel  to  the  course  of  the 
tendon  of  the  extensor  longus  pollicis  muscle.  At  the  radial  border  of  the  second 
metacarpal  bone  the  line  of  incision  becomes  vertical  and  is  continued  as  far 
as  the  middle  of  this  bone.  The  merit  of  this  incision  rests  on  the  fact  that 
it  does  not  imperil  the  safety  of  the  radial  artery,  even  in  the  presence  of 
marked  inflanunatory  thickening.  The  tendons  of  the  extensor  carpi  radialis 
longior  and  l)revior  are  next  detached  with  a  knife,  and  the  extensor  longus 
pollicis,  with  the  radial  artery  and  other  soft  structm-es,  is  drawn  outwai-d. 
The  trapezium  is  next  separated  from  the  rest  of  the  wrist  by  cutting  forcejjs, 
applied  along  the  line  of  incision;  but  the  bone  is  not  removed  until  later. 
The  wrist  is  now  bent  backwaixl  in  order  to  relax  the  extensor  tendons,  and 
the  straight  ulnar  incision  is  made.  This  incision  is  made  on  the  palmar  sur- 
face ;  it  begins  two  inches  below  the  lower  end  of  the  ulna,  on  its  anterior  sur- 
face, and  is  carried  do\vn^\"ard  between  this  bone  and  the  flexor  carjji  ulnaris 
to  the  middle  of  the  palmar  aspect  of  the  fifth  metacarpal  bone.  The  tissues 
posterior  to  this  incision  are  then  retracted;  the  tendon  of  the  extensor  carpi 
ulnaris  is  separated  at  its  insertion  ami  lifted  out  from  its  groove  in  the  ulna; 
and  the  tendons  of  the  extensors  of  the  fingers  and  the  posterior  and  internal 
lateral  ligaments  are  separated  from  the  carpus.  The  palmar  surface  is  now 
carefully  dissected  clo.se  to  the  bone.  After  the  dissection  of  the  carpus  has 
been  completed,  the  bones  are  extracted  through  the  ulnar  incision.  The 
articular  ends  of  the  radius  and  the  ulna  are  likewise  made  to  protrude  from 
the  same  incision,  and  their  articular  ends  are  sawed  off.  The  ulna  is  sawed 
obliquely  in  such  a  manner  as  to  remove  that  portion  which  articulates  with 
the  radius,  and  a  thin  slice  only  is  removed  from  the  radius  if  the  bone  is  not 
seriously  damaged.  It  adds  greatly  to  the  symmetry  and  stability  of  the 
hand  to  leave  the  radius  and  the  ulna  of  the  same  length.  As  has  already  been 
stated,  stability  will  likewise  be  given  by  leaving  all,  or  at  least  some  portion, 
of  the  styloid  processes. 
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The  Immediate  Treatment  of  the  Wound,  and  the  After-treatment.— Aiter  the 
completion  of  any  one  of  the  operations  described  above,  the  tourniquet  should 
be  removed  and  all  bleeding  vessels  carefully  secured.  Special  attention  is 
then  given  to  thorough  drainage,  and  the  incisions  are  closed  by  suture,  except 
at  the  points  of  drainage.  Aseptic  dressings  are  applied  in  such  a  manner 
that  it  will  be  easy  to  dress  the  wound  subsequently  without  disturbing  the 
splint,  and  a  fixation  apparatus  is  applied.  Many  forms  of  splint  have  been 
suggested,  but  the  author  has  found  uniform  satisfaction  from  the  use  of  plaster 
of  Paris,  applied  either  as  a  strap  spUnt,  made  from  superimposed  layers  of  an 
ordinary  plaster  bandage,  or  as  an  interrupted  encasing  splint,  reinforced  by 
arched  metal  bars.     Fig.  232  illustrates  the  strap-splint  method.     If  the  dress- 


FiG.  232. — Method  of  Apph-ing  .\ntcrior  and  Posterior  Plaster-of-Paris  Strap  SpUnt.      (Original.) 


ings  are  thoughtfully  applied,  the  palmar  s})lint  may  remain  in  place  for  a  long 
period  of  time,  particularly  when  dorsal  incisions  are  used.  "\Miatever  splint 
is  used,  it  should  end  at  the  metacarjio-iihalangeal  articulation,  in  order  to 
give  free  motion  to  the  joints  of  the  thumb  and  fingers,  and  it  should  permit 
of  a  position  midway  between  pronation  and  supination,  ^vith  the  hand  slightly 
extended  and  alxUicted.  The  frequency  with  which  the  dressings  should  be 
renewed  depends  entirely  upon  the  primary  cleanliness  of  the  joint;  but,  as  a 
rule,  they  should  be  changed  every  second  day  after  the  first  week.  Two  days 
after  operation,  both  passive  and  active  motion  should  be  encouraged  hi  the 
phalangeal  and  the  metacarpo-phalangeal  joints;  and,  at  the  end  of  ten  days 
or  two  weeks,  careful  passive  motion  should  be  made  in  the  wrist.  During 
the  early  treatment  the  thumb  and  index  finger  should  be  kept  apart.  The 
ultimate  result  will  depend  very  largely  upon  the  persistence  with  which  active 


426  AMERICAN    PliACTICl':   (W  SURGERY. 

and  ])assi\-c  inovcuK'iits,  iiiassufic,  clcclricil y,  and  .uyii mastic  excrcisos  are  car- 
ried out.  'Hie  conliiiued  inteicsl  of  llie  surgeon  and  tiie  untiring  aid  of  tlie 
patient  lor  a  period  of  IVoni  six  to  nine  inontlis  will  be  required  if  the  best  re- 
sults are  to  be  obtained.  Satisfactory  movements  of  the  fingers  may  be  ex- 
pected early,  and  flexion  and  al)duction  and  adduction  of  the  wrist  will  be 
very  largely  restored.  Extension  of  the  fingers  and  extension  of  the  wrist  are 
the  most  difficult  movements  to  reco\-er. 

Resection  of  the  Metacarpal  and  Phalangeal  Bones  and  Their  Joints. — 
Resection  is  not  frequently  indicated  hi  this  legion,  and  the  bones  arc  so  ac- 
cessible that  a  detailed  account  of  various  opei-ative  methods  is  not  deemed 
necessar^^  Tuberculosis  of  the  bones  will  i)rcsent  almost  the  sole  indication 
for  resection  of  the  metacarpal  bones,  while  septic  infection  is  the  only  lesion 
that  will  demand  excision  of  the  joints. 

The  metacarpal  bones  are  removed  tlu'ough  a  dorsal  longitudinal  incision. 
The  tendons  and  soft  parts  are  pushed  to  one  side,  and  a  subperiosteal  excision 
is  performed  if  j)ossible.  The  importance  of  preserving  the  bases  of  the  met^- 
caipal  bones  will  be  apparent  when  it  is  remembered  that  the  carpo-metacarpal 
joint  of  the  thumb  is  the  only  one  with  a  separate  synovial  membrane.  The 
corresponding  finger  will  recede  upM^ard  after  the  metacarpal  has  been  re- 
moved; but  it  will  usually  retain  its  power  and  should  be  left  in  working 
people. 

The  phalanges  are  excised  through  two  lateral  incisions,  which  carefully 
avoid  the  arteries  and  nerves.  Lateral  deformity  is  particularly  to  be  feared, 
but  can  usually  be  avoided  by  the  bilateral  incision  and  b}'  the  pi'olonged  use 
of  a  supporting  splint. 

Resection  of  the  metacarpo-phalangeal  and  phalangeal  joints  will  be  in- 
dicated for  the  cure  of  septic  artlu-itis.  The  joint  is  exposed  by  lateral  inci- 
sions which  should  be  ample  in  length  and  should  give  free  ex]:)osure  of  the 
bone  ends.  For  the  metacarpo-phalangeal  joints  the  incision  should  be  one 
inch  and  a  half  long,  and  for  the  phalangeal  joints  not  less  than  one  inch  long. 
The  joint  should  be  thoroughly  cleaned  out,  all  diseased  bone  removed,  and 
the  cavity  firmly  packed.  Whenever  possible,  one  articular  surface  should 
be  left. 

A  very  satisfactory  degree  of  motion  will  be  regained  in  a  large  number  of 
cases  when  the  after-treatment  is  carefully  follo\^■ed. 

Excision  of  the  Hip. — Excision  of  the  hip  is  an  operation  which  is  much 
less  frequently  performed  to-day  than  a  few  years  ago.  This  has  been  brought 
about  bj'  the  very  complete  demonstration,  from  a  large  number  of  cases, 
that  the  average  result  from  the  conservative  treatment  of  tuberculosis  of  the 
hip  is  better  than  that  obtained  by  operative  treatment.  This  statement 
should  not  be  taken  to  imply,  however,  that  the  operation  of  excision  should 
never  be  done  for  tuberculous  disease.     It  means  that  every  incipient  case  of 
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tuberculous  disease  of  the  hip  should  be  first  treated  by  the  most  approved 
methods  of  immobilization,  diet,  and  hygiene.  If,  however,  the  condition  does 
not  improve  satisfactorily  under  such  a  course  of  treatment;  if  there  are  evi- 
dences of  active  suppuration  and  rapid  dismtegration  of  the  joint;  and  if  repeated 
jT-ray  examinations  reveal  a  progressive  destruction  of  either  the  head  of  the 
bone  or  the  acetabulum,  or  both,  then  excision  should  lie  done.  The  disease 
may  take  this  course,  either  because  of  an  infection  of  uiuisual  \nrulence,  or 
because  of  total  inability  on  the  part  of  the  poor  to  command  the  conditions 
essential  to  a  conservative  [jlan  of  treatment. 

It  is  ciuite  evident  that  very  careful  observations  will  be  required  to  enable 
one  to  arrive  at  this  decision,  and  special  attention  is  called  to  the  value  of 
the  .r-ray  in  the  hands  of  an  expert,  as  an  instrument  of  precision  in  this 
regard.  Lovett  was  aljle  to  report  that  in  ninety-five  out  of  one  hundred 
cases  the  opmion  formed  by  means  of  the  x-ray  as  to  the  presence  and  stage 
of  the  disease  was  borne  out  clmically.  Freiberg  reports  ecjually  good  results. 
This  method  will  not  only  show  extension  of  caseation  and  suppiu-ation  and 
enable  the  surgeon  to  aiJjily  the  operative  treatment  at  the  proper  time, 
but  it  will  greatly  increase  the  scope  of  the  early  operative  treatment  of 
extra-articular  foci. 

In  a  certain  class  of  patients,  fortunately  rare,  the  early  symptoms  of  a 
tuberculous  infection  are  so  rapid  in  their  development,  the  swelling  and  the 
tenderness  increase  so  rapidly  and  so  persistently,  in  spite  of  immobilization, 
and  the  general  symptoms  are  so  marked,  that  there  seems  great  danger  of  a 
generalization  of  the  infection.  Excision  should  be  done  at  once  in  this  class 
of  cases. 

The  mortality  from  excision  of  the  hiij  for  tuberculosis  was  once  fifty  per 
cent,  and  the  functional  results  were  not  always  good;  yet  it  must  be  re- 
membered that  the  operation  has  most  frequently  been  done  only  in  the  very 
bad  cases,  which  would  yield  a  mortality  of  seventy-five  per  cent  if  not 
operated  upon.  The  bad  cases  cannot  yield  the  best  results,  because  of  the 
extensive  removal  of  tissue  that  becomes  necessary  in  such  cases. 

Ankylosis  after  tuberculosis  or  from  other  causes  is  not  looked  upon  as  an 
indication  for  excision.  This  condition  may  be  overcome  by  subtrochan- 
teric osteotomy. 

Gmishot  injury  of  the  hip  joint  is  not  an  indication  for  inunediate  resection; 
but  this  operation  should  be  very  promptly  done  for  purposes  of  drainage, 
when  it  has  been  clearly  demonstrated  that  ordinar}'  incision  will  not  suffice. 
(See  article  on  Gunshot  Wounds  in  Vol.  II.) 

Morbus  coxfe  senilis  will  call  for  excision  only  when  ankylosis  or  very  de- 
ficient mobility  has  resulted  after  the  ordinary  methods  of  treatment. 

Supjnu-ative  disease  of  the  hip  which  does  not  yield  to  the  ordinary  treat- 
ment by  efficient  drainage,  should  be  treated  by  excision,     ^^^len  diseased  bone 
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is  disoovcred  at  the  time  of  inakiiii;  incisions  for  drainafjo,  this  slioiild  be  I'e- 
inovt'd;  or,  if  the  aiTtalitiluiii  is  found  to  Ix'  extensively  diseased,  excision 
should  be  done  at  once-. 

Separation  of  the  epiphysis  of  the  femur  may  occur  under  twenty  years  of 
age  and  will  furnish  an  indication  for  the  removal  of  the  head  of  the  bone. 

Jacobson  summarizes  the  indications  for  excision  of  the  hip  by  a  (luotation 
from  the  report  of  the  Clinical  Society's  Committee  on  Excision  of  the  Hip. 
They  are  as  follows : 

(1)  Necrosis  and  separation  of  the  entire  head  of  the  fenmr  and  its  conver- 
sion into  a  loose  sequestrum. 

(2)  The  presence  of  a  firm  sequestrum  either  in  the  head  or  neck  of  the 
femur,  or  in  the  acetabulum. 

(3)  Exten.sive  caries  of  the  femur  or  the  pelvis,  leading  to  jjrolonged  sup- 
puration and  the  formation  of  sinuses. 

(4)  Intrapehic  abscess  following  disease  of  the  acetabulmn. 

(5)  Extensive  and  old-standing  synovial  ilisease,  and  ulceration  of  the 
cartilages,  with  i)ersistent  suppuration. 

(6)  Displacement  of  the  head  of  the  femur  on  the  dorsum  ilii,  with  chronic 
sinuses  and  deformity. 

Before  discussing  the  operative  treatment  of  tu])erculosis  of  the  hip  joint 
the  term  "good  result"  should  be  defined. 

A  good  result  in  tuberculous  hip  disease  is  one  with  a  mininmm  amount 
of  shortening,  without  deformity,  and  with  the  maximum  range  of  motion. 
Almost  a  perfect  restoration  of  function,  with  no  trace  of  deformity,  may  be 
obtained  in  those  cases  in  which  the  well-recognized  methods  of  treatment  are 
begun  very  early.  A  less  satisfactory,  yet  at  the  same  time  a  relatively  good, 
result  will  be  obtained  when  the  bony  structures  become  more  extensively  dis- 
eased in  the  second  stage;  but,  in  the  third  stage,  we  must  be  satisfied  with 
merely  a  correction  of  deformity  and  an  arrest  of  the  disease.  As  has  already 
been  stated,  the  average  result  from  excision  will  not  be  as  good  as  that  ob- 
tained by  conservative  means,  and  the  result  will  suffer  still  further  by  com- 
parison, since  the  operation  of  excision  is  now  done  only  in  those  cases  which 
do  batUy  under  this  plan  of  treatment.  A  good  result  after  excision,  as  deter- 
mined by  shortening,  deformity,  range  of  motion,  and  stability,  will  depend 
very  largely  upon  the  amount  of  bone  removed.  If  too  much  of  the  bony 
tissue  is  removed,  a  flail  joint  results;  if  the  periosteum  is  needlessly  excised, 
corresponding  shortening  will  probably  occur. 

An.\tomical  Considerations.  —  In  addition  to  the  well-known  anatomical 
facts  which  relate  to  the  hip  joint,  special  attention  is  called  to  the  following 
facts:  (1)  The  head  of  the  femur  and  the  acetabulum  are  cancellous  in  struct- 
ure and  quite  vascular.  (2)  The  acetabulum  is  lined  at  all  points  with  carti- 
lage, except  at  the  U-shaped  fossa  at  the  bottom  of  the  acetabulum,  to  a  cer- 
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tain  [lart  of  wliicli  is  attached  tlie  ligamentum  teres.  (3)  Shortening  can 
occur  only  from  failure  in  development  or  an  actual  loss  of  substance  of  the 
bony  structure.  (4)  The  arrangement  of  the  periosteum  and  the  points  of  in- 
sertion of  the  ligaments  and  the  muscles  should  be  carefully  considered,  since 
the  functional  result  will  depend  very  largely  upon  the  preservation  of  the 
periosteum.     AVhen  practicable,  the  greater  trochanter  should  lie  chiselled  off 


Fig.  233. — Right  Hip  Joint  shown  in  Frontal  Section.  Posterior  half  of  section  \-iewcd  from 
in  front.  (After  Spalteholz.)  a,  Ihum;  b,  cotyloid  ligament;  c,  orbicular  zone  of  capsule;  d,  great 
trochanter;  e,  epij^hyseal  junction;  s.  shaft  of  femur;  /,  orbicular  zone;  x,  capsule  of  joint;  y,  cavity 
of  joint;  z,  tuberosity  of  ischium;  I,  inferior  ramus  of  ischium;  z,  ligamentum  teres;  /(,  epiphyseal 
junction. 


with  its  muscular  insertions,  and  sutured  back  in  place  after  the  excision  has 
been  completed. 

Oper.\.tiox. — A  radical  and  a  conservative  method  of  operating  are 
described.  In  the  radical  method  no  effort  is  made  to  preserve  the  periosteum, 
while,  in  the  conservative  method,  the  most  careful  attention  is  directed  to 
the  preservation  of  this  important  structure.  E^'en  in  tuberculous  cases  it  is 
usually  possible  to  preserve  a  part  of  the  periosteum,  and  the  operation  should 
be  modified  to  meet  the  requirements  of  the  anatomical  conditions  encountered 
at  the  time  of  operation. 
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Tliorc  havo  been  rccoinnu'iuled  a  ^•!ll■i('ty  of  incisions,  whicii  may  be  divided 
into  the  posterior  and  tlie  anterior. 

Reseciidii  htj  I'osU'rior  Incision. — Resection  of  the  liip  was  first  pci'foi'nicd 
li\'  Wliite,  ill  1S121,  tiiroUf!;li  a  posterior  curved  incision,  and  tlii.s  incision  lias 
not  been  materially  improved  up  to  the  present  time  (c,  l''ig.  234). 

This  incision  is  made  with  the  jiatient  lying  ou  the  healthy  side;  it 
begins  at  a  point  midway  between   the  anterior  superior  spine   of  the  ilium 


Fig.  234. — Excision  of  the  Hip  Joint,     a,  Langenbeck's  incision;  b,  Sayre's  incision;  c,  White's 

posterior  curved  incision. 


and  the  greater  trochanter,  passes  backward  over  the  most  prominent  point  of 
the  u|)per  border  of  tlie  trochanter,  and  then  follows  its  posterior  border  down- 
ward for  three  or  four  inches.  The  incision  is  carried  down  to  the  muscles  and 
periosteum,  and  the  flap  thus  formed  is  dissected  downward  sufficiently  to  expose 
the  base  of  the  trochanter.  The  periosteum  is  transversely  divided  at  the  base 
of  the  trochanter,  the  trochanter  is  chiselled  away  with  its  attached  muscles, 
and  this  deeper  flap,  including  the  trochanter  and  muscles,  is  dissected  upward 
to  expose  freely  the  neck  and  head  of  the  femur.  The  capsule  is  now  divided 
longitudinally  in  situ,  and  the  neck  of  the  femur  is  divided  with  a  chi.sel  at  a 
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point  to  he  determined  by  the  extent  of  tlie  disease.  (Fig.  235.)  The  head  of 
the  bone  is  extracted  witli  bone-forceps.  The  ligamentuin  teres  is  usually 
destroyed.  This  plan  of  removing  the  head  of  tlie  femur  is  much  to  be  pre- 
ferred to  that  of  dislocating  the  head  by  adducting  the  limb,  then  sawing  it 
off.  The  latter  ]ilan  injures  the  tissues  very  much  more  than  the  former,  aiul 
subjects  the  patient  to  the  dangers  of  fractvn-e  of  the  femur  or  of  separation 
of  the  lower  epiphysis. 

The  question  of  the  site  of  bone  section  is  one  up<iu  which  surgeons  differ. 
Preservation  of  the  greater  trochanter  with  its  attached  muscles  will  undoubtedly 
yield  very  much  Ix'tter  motion  and  greater  stability  than  division  of  the  bone 


Fig.  2.3.1. — Excision  of   tlie  Hip    Joint  by  Posterior   Incision,      (.\ftcr  Lejars.)      n,  Gluteus  maximus 
muscle  drawn  aside;  b,  Gluteus  mcdius:  c,  head  of  femur;  d,  capsule  of  joint;  e,  great  trochanter. 

at  the  base  of  tlie  trochanter;  yet  Jacooson  maintains  that,  after  healing,  the 
process  becomes  strongly  drawn  upward  against  the  scar  and  constantly  irri- 
tates it.  He  believes  that  this  disadvantage  far  outweighs  the  atlvantage  of 
greater  mobility  and  moi'e  rapid  healing. 

If  it  be  determined  that  this  lower  division  of  the  bone  is  necessary 
or  desirable,  the  primary  incision  sliould  be  carried  down  through  the  perios- 
teum along  the  posterior  border  of  the  trochanter,  and  the  muscle  attachments 
to  this  structure  should  be  elevated,  if  jjossible,  in  a  single  piece.  Tlie  capsule 
and  the  periosteum  of  the  neck  are  now  di\'ided  as  before  and  separated  in  a 
careful  manner  from  the  l)one.  The  bone  is  divided  just  below  the  top  of  the 
trochanter  ■nith  an  osteotome  or  a  Gigli  saw. 

Langenbeck   exposes  the    joint   by    a  straight    longitudinal    incision,    five 
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or  six  incUtvs  long,  iiiadi'  diivctly  over  the  great  trocliantcr  and  extending  up- 
ward toward  the  posterior  superior  spine  of  the  ilium.  (Fig.  234.)  The  oper- 
ation is  continued  sui)periosteally,  as  descrilied  ;ilH)\-e. 

Kocher  makes  a  curved  incision  extending  from  the  base  of  the  greater 
trochanter  upward  to  its  anterior  su])erior  angle,  thence  upward  and  outward 
toward  the  median  line  in  the  direction  of  the  fibres  of  the  gluteus  maxinms. 
The  deep  dissection  is  then  continued  with  a  view  to  the  jireservation  of  tiie 
nerve  supply  of  all  muscles  in  the  region.  This  dissection  is  descrilied  as  fol- 
lows by  Kocher:  "The  dense  aponeurotic  insertion  of  the  gluteus  niaximus  is 
now  divided  uijon  the  outer  aspect  of  the  trochanter,  exposing  the  periosteum 
and  the  insertion  of  the  gluteus  medius,  whicli  covers  the  whole  of  the  upper 
border,  the  detachment  of  the  gluteus  maximus  being  thus  facilitated.  The 
upper  and  back  part  of  the  incision  divides  the  fibres  of  the  gluteus  maximus, 
and  generally  some  vessels  of  considerable  size,  which  must  be  ligated.  ^^^ren 
possible,  a  still  better  plan  is  to  expose  the  upper  border  of  the  gluteus  maxi- 
mus and  to  retract  it  ^lown^\ard. 

"A  fatty  layer  now  ap]X'ars,  and,  after  it  has  been  divided,  the  interval  is 
reached  between  the  lo\\er  border  of  the  gluteus  medius  and  minimus  alxjve 
and  the  pyriformis  below.  This  space  is  opened  uji,  and  the  broad  tendon  of 
insertion  of  the  gluteus  medius,  and  under  it  the  tendon  of  the  gluteus 
minimus,  together  with  the  [jeriosteum,  are  incised  down  to  the  anterior  in- 
tertrochanteric line  and  detached  forward."  The  remainder  of  the  opera- 
tion is  conducted  subperiostcally,  as  has  already  been  described. 

Sprengel  describes  an  incision  which  may  be  used  when  it  is  necessary  to 
get  a  more  extensive  view  of  the  posterior  part  of  the  jjelvis  or  to  resect  a 
portion  of  the  ilium.  This  incision  is  made  along  the  iliac  crest  from  the 
posterior  superior  s))ine  to  the  anterior  superior  spine,  then  descends  along 
the  posterior  border  to  the  tensor  fascite  femoris.  This  large  flap  of  skin,  in- 
cluding all  gluteal  muscles  and  the  periosteum,  is  timied  downward  and  back- 
ward and  the  joint  freely  exposed. 

Resection  by  Anterior  Incision. — Hueter,  Barker,  Luecke,  and  Schede  have 
recommended  resection  of  the  hip  by  anterior  incision  (Fig.  236).  The  chief 
reasons  given  for  this  preference  are,  slight  interference  with  the  muscles  and 
greater  ease  in  treating  the  wound  during  convalescence. 

Barker  makes  an  incision,  three  or  four  inches  long,  which  begins  an  inch 
below  the  anterior  superior  spine  and  extends  downward  and  inward  in  the 
interval  between  the  tensor  vagimc  femoris  and  glutei  on  one  side,  and  the 
sartorius  and  rectus  on  the  other.  The  neck  of  the  bone  is  exposed  at  once. 
The  muscles  are  strongly  retracted  and  the  bone  is  divided  at  a  point  and  in 
a  manner  to  be  determined  by  the  consideration,  as  already  stated,  of  the 
pathological  condition  of  the  parts. 

After  the  joint  has  been  exposed  and  the  head  of  the  bone  renio\ed,  the 
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remainder  of  tlie  oi'eration  is  condiictfd  in  a  manner  wliich  is  practically  uni- 
form with  all  operators.  When  the  operation  is  performed  for  tuberculosis, 
the  most  careful  sharp  dissection  shoukl  he  made  for  the  removal  of  all  sus- 
picious tissue,  and  any  foci  of  disease  in  the  femur  or  acetabulum  should  be 
carefully  removed.  The  necessity  for  preserving  the  periosteum,  even  in 
fragments,  must  lie  remembei-ed,  and  the  periosteum  of  the  neck  of  the  bone 
should  be  attached  to  the  ])eriosteum  at  the  lower  Ijorder  of  the  acetabuhmi, 
wherever  this  is  possilile.  All  hemorrhage  should  be  accurate!}'  controlled,  tlie 
inu.scles  should  be  sutured  over  the  periosteum,  and  the  wound  closed  with  abun- 


FiG.  236. — Excision  of  the  Hip  Joint  by  .interior  Incision,      (.\fter  Lejars.)     a,  Head  of  femur; 
b,  iliopsoas  muscle;  c,  sartorius  muscle  drawn  inward;  d,  anterior  rectus  muscle. 


dant  drainage;  or,  when  the  oiieration  is  done  for  tuberculosis,  the  cavity 
should  be  thoroughly  mopped  with  pure  carbolic  acid,  and  afterward  with 
ninety-six-per-cent  alcohol,  Iiefore  the  Wdiuul  is  closetl.  Most  sui-gcons  recom- 
mend a  voluminous  tam])onade  of  the  ca\'ity  with  iodoform  gauze  and  treat- 
ment of  the  wound  without  suture.  This  will  be  quite  essential  when  the  joint 
has  been  the  seat  of  a  mixed  infection ;  but  drainage  ■\^dll  not  be  needed  in  the 
aseptic  cases,  unless  it  be  for  a  ^■ery  brief  period  of  time  to  take  care  of  serous 
exudation.  \Mien  the  greater  trochanter  has  been  cliiselled  off,  it  should  be 
sutured  back  in  place,  and  a  drainage  tube  should  be  i)laced  behind,  in  order 
that  there  may  be  no  opportunity  for  retention  of  secretions.  AMien  the  muscle 
insertions  alone  have  been  elevated  from  the  greater  trochanter,  and  the  tro- 
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chanter  removed,  an  effort  .slioultl  l)e  made  lo  fiivc  tliciii  a  (inn  mooring  by 
sntnrc.  After  tlie  dreswing  of  the  wound  lia.s  been  eompletcMl  the  hip  should 
be  inunobilized  eitlier  with  a  lonj^  hitera,!  board  or  witli  a  f^i)iea  plastcr-of-Paris 
sphnt,  and  extension  should  be  ai)|)h('(L  A  weight  of  from  ten  to  twenty- 
pounds,  according  to  the  age  of  the  ])atient,  shcnihl  lie  used  fur  this  extension. 

The  wound  should  be  allowed  to  heal  by  granulation.  The  patient  may 
be  allowed  to  sit  up  in  bed  at  the  end  of  two  weeks,  but  the  extension  should 
be  kept  up  for  six  months.  After  a  period  of  six  weeks  the  extension  is  to 
be  maintained  with  a  Thomas  splint,  and  the  patient  allowed  to  get  about. 
He  should  not  l)e  allowed  to  walk  without  support  for  six  months. 

A  tendency  to  stiffness  in  the  joint  should  not  be  too  vigoi'ously  combated, 


Fig.  237. — Excision  of  Hip  Joint  by  Internal  Imisiun.      (After  Lejars.)     o,  Internal  rectus  mus- 
cle drawn  aside;  b,  head  of  femur;  c.  adductor  magnus  muscle. 


since  a  hip  ankylosed  in  a  position  of  slight  flexion  and  abduction  will  be  very 
useful.  It  has  been  quite  well  demonstrated,  from  a  number  of  specimens, 
that  the  head  of  the  bone  may  be  satisfactorily  reformed  after  subperios- 
teal resection,  and  that  this  new  head  may  be  even  covered  ■with  cartilaginous 
structures. 

The  possibilities  of  obtaining  a  useful  joint  after  excision  have  been  so 
greatly  improved  by  the  introduction  of  arthroplastic  methods  that  the  in- 
dications for  the  operation  have  been  materially  modified.  Excision  for  anky- 
losis, an  operation  which  formerly  was  considered  to  be  in  many  instances 
unjustifiable,  has  now  become  a  justifiable  procedure  wliich  frequently  gives 
excellent  results. 

Excision  of  the  Innominate  Bone. — This  operation  has  been  successfully 
performed  a  few  times  for  the  removal  of  tumors.     An  excision  done  for  this 
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purpose  ■U'ill  of  necessity  be  atypical  in  nature,  and  l)(>tli  the  incision  and  the 
deeper  dissection  will  in  evei-y  instance  be  planned  to  meet  the  requirements 
of  the  individual  case.  In  one  case  reported  Ijy  Kocher,  the  operation  was 
done  for  a  large  osteo-chondro-sarcoma  of  the  ilium.  In  this  instance  the  pubic 
bone  and  ischium  were  sawed  through  at  a  point  2  cm.  (about  i  inch)  internal 
to  the  acetabulum,  and  the  ischium  was  separated  from  the  sacrum  at  the 
sacro-iliac  joint.  The  upper  end  of  the  femur  was  also  resected.  Four  years 
later  tliis  patient  was  living  and  able  to  do  light  agricultural  work. 

Wlien  a  tumor  growth  is  confined  to  the  crest  of  the  ilium  only  a  corre- 
sponding resection  of  the  bone  will  be  needed.  The  incision  recommended  by 
Sprengel  for  exposure  of  the  Irip  joint,  or  a  modification  of  this  incision,  will  be 
well  adapted  to  most  cases  of  excision  of  the  innominate  lione. 

Excision  of  the  Coccyx. — Excision  of  the  coccyx  is  done  for  coccygodynia 
and  for  fracture  of  the  coccyx.  The  eperation  is  simple  and  exposes  the  pa- 
tient to  no  dangers.  The  patient  is  placed  on  one  side  and  a  longitudinal  in- 
cision is  made  do%\Ti  to  the  bone.  The  latei-al  connections  of  the  bone  are  first 
dixdded,  the  bone  is  then  seized  with  bone  forceps,  and  enucleation  is  com- 
pleted. Hemorrhage  is  accurately  arrested  and  the  wound  closed  without 
drainage. 

Excision  of  the  Knee  Joint. — Ixdic.vtions. — Excision  of  the  knee  is  indi- 
cated in  the  follo\\ing  conditions:  (1)  tuberculosis;  (2)  suppurative  arthritis 
that  has  not  yielded  to  drainage;  (3)  osteoarthritis;  (4)  ankylosis;  (5)  old, 
neglected  infantile  paralysis;  and  (6)  injury  from  gunshot  wound  and  other 
causes. 

(1)  Tuberculosis  of  the  knee  undoubtedly  furnishes  the  most  frequent  indi- 
cation for  excision  of  this  joint;  yet  it  should  at  the  same  time  be  stated  that 
a  very  great  difference  of  opinion  prevails  as  to  the  precise  application  and 
limitations  of  the  method.  With  the  advent  of  aseptic  surgery,  tuberculous 
joints  were  attacked  with  great  frequency;  but  a  positive  reaction  followed 
the  reports  of  statistics  thai  showed  results  less  satisfactory  than  those  collected 
for  the  conservative  treatment;  and  the  operation  has  been  much  less  fre- 
quently performed  during  the  past  decade.  At  the  present  time  we  find  an 
increasing  tendency  to  return  to  an  operation  \\hich  completely  removes  aU 
diseased  tissue,  and  restores  a  patient  to  health  in  a  much  shorter  period  than 
is  possible  under  the  most  favorable  conditions  of  rest  and  en\dronment.  This 
general  change  in  att'tude  toward  the  procedm-e,  and  more  especially  the  dif- 
ference in  opinion  regarding  the  choice  of  method  to  be  applied  in  any  given 
case,  call  for  a  consideration  of  the  questions  involved.  The  first  question 
that  arises  pertains  to  the  primary  danger  of  the  operation  and  the  danger  of 
incomplete  removal  of  all  diseased  tissue.  The  primary  danger  of  such  an 
operation,  done  under  a  perfect  aseptic  technique,  is  very  slight  in  properly 
selected  cases.     Then  again,  the  danger  that  tuberculous  material  may  be  left 
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behiiul  has  been  so  greatly  reduced  b}'  tlie  tleN'elopiiieiil  nf  a  lecliiii(Hie  wiiieli 
devotes  itself  to  a  most  rigid  and  accurate  removal  of  all  luljereulous  tissue  in 
and  about  the  joint,  that  the  probabilities  of  complete  eradication  of  the  disease 
have  been  greatly  improved.  This  conclusion  seems  so  well  founded  that  the 
autlior  believes  that  statistics  regarding  recurrence,  which  have  been  based  upon 
cases  treated  by  previous  methods  of  excision,  cannot  be  given  a  decisive  value 
ill  the  argument.  As  a  matter  of  fact,  many  of  the  operations  forming  the  basis 
of  such  statistics  have  not  l^een  complete,  and  many  of  the  recurrences  which 
are  reported  would  not  have  taken  place  if  an  accurate  and  thorough  dissection 
of  the  joint  had  been  made.  A  curette  which  at  first  has  a  sharp  edge  very 
soon  becomes  a  dull  curette,  and,  even  when  .sharp,  it  is  very  likely  either  to 
leave  tuberculous  material  behind  or  to  cru.sh  tubercle  bacilli  into  uninvaded 
tissues  that  are  left.  The  use  of  .sharp  knives  for  both  the  .soft  tissues  and  the 
bone  will  obviate  to  a  large  degree  this  danger  of  recurrence. 

It  may  therefore  be  stated  that  both  the  primary  dangers  of  the  operation 
and  the  dangers  of  recurrence  have  been  so  greatly  icduced  by  sharp  dissec- 
tion that  neither  furnish  serious  counter-indications. 

The  age  of  the  patient  is  a  factor  of  importance  in  the  decision.  Young 
states  that  "excision  is  an  operation  to  be  performed  only  in  adult  life  when 
we  wish  to  obtahi  bony  ankylosis  and  wish  to  a^•oid  the  long  tedious  disability 
incident  to  conservative  treatment.  It  is  practically  never  performed  dur- 
ing childhood,  on  account  of  the  great  shortening  which  results  from  removal 
of  the  epiphyses."  The  importance  of  j^reserving  the  epiphysis  in  all  cases  is 
apparent,  and  particularly  before  the  age  of  fifteen.  A  consideration  of  the 
■epiphysis  at  the  knee  possesses  special  importance,  since  the  lower  epiphysis  of 
the  femur  and  the  upper  epiphysis  of  the  tibia  are  the  chief  points  of  growth  in 
these  bones.  This  one  point,  therefore,  will  lead  us  to  choose  the  non-operative 
■course  as  a  rule  in  children ;  yet  many  cases  will  arise  which  demand  operative 
treatment,  and  it  is  important  to  remember  that  such  operative  treatment  may 
be  applied  without  serious  disturbance  of  the  epiphyseal  line.  Arthrectomy 
and  atypical  excision  have  therefore  largely  replaced  tyjiical  excision  in  children. 
The  dictum  remains,  however,  that  cliildren  should  be  treated,  as  a  rule,  by 
non-operative  means. 

The  social  rank  of  the  patient  has  become  almost  the  controlling  factor  in 
deciding  as  to  the  propriety  of  excismg  the  knee — a  fact  which  is  briefly  and 
forcibly  expressed  by  Jacobson  when  he  says:  "Excision  of  the  knee  being 
almost  unkno\\ir  in  private  practice,  it  is  needless  to  remark  that  this  accoimt 
of  the  operation  refers  almost  entirely  to  hospital  patients."  The  well-to-do 
will  usually  obtain  a  very  early  diagnosis,  they  can  command  time,  diet,  and 
environment,  and  a  tuberculous  lesion  will  rarely,  in  this  class  of  patients, 
go  on  to  the  destructive  stage  which  demands  operation.  With  the  financially 
less  fortunate,  however,  it  is  an  entirely  different  story.     The  poor  patient  can 
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ill  afford  to  lose  two  or  tlnvr  months,  inucli  less  as  many  years,  away  from  work, 
and,  if  the  patient  is  a  child  of  poor  parents,  the  requii'ements  of  the  case  are 
to  a  like  degree  inaccessible.  Such  patients  pass  from  clinic  to  clinic,  or  from 
one  physician  to  another,  arc  treated  Ijy  badly  fitting  splints  or  apparatus, 
never  have  the  advantages  of  diet  or  suitable  climate,  and  are  required  to  be 
on  their  feet  far  too  great  a  part  of  the  time.  I'nder  these  conditions  the 
patient  is  sometimes  fortunate  enough  to  secui-e  an  arrest  in  the  process  or 
even  a  cure,  yet  the  chances  are  very  much  more  in  favor  of  continued  prog- 
ress of  tile  disease,  with  destruction  of  the  important  joint  elements,  repeated 
recurrences  of  acute  trouble  in  a  quiescent  joint,  or  a  generalization  of  the 
infection.  .\ji  excision  or  an  erasion  done  at  an  early  stage  in  such  jiatients 
will  reduce  the  period  of  treatment  to  as  many  months  as  would  otlier\\ise 
have  been  required  in  years.  It  subjects  the  patient  to  but  slightly  increased 
risk  and  gives  good  iiromise  of  complete  cure  and  a  valuable  extremity.  The 
very  best  advice  that  can  be  given  to  a  poor  patient  ^Aould  therefore  seem  to 
be  a  preliminary  period  of  a  few  weeks  or  months  of  inniiobihzation ;  and,  if 
such  treatment  is  clearly  impracticable,  or  if  definite  improvement  is  not  noted, 
excision  or  erasion  should  be  done.  The  following  ojiinion  of  Mv.  Howse  I'e- 
garding  the  stage  of  the  disease  at  which  excision  should  be  done  will  be  of 
value  in  the  decision.  This  o])eration  may  be  done  in  the  following  classes 
of  cases:  "(1)  Cases  in  which  the  disease  has  advanced  so  far  as  to  cause 
flaking  of  the  articular  cartilage  or  grating  in  the  movement  of  the  joint,  whether 
suppuration  be  present  or  no.  (2)  Cases  m  wliich  backward  disjjlacement  of 
the  tibia  has  taken  place.  (3)  All  cases  of  over  six  months'  duration,  in  which 
there  is  reason  to  believe  that  the  disease  has  started  in  an  epiphyseal  osti- 
tis. (4)  Cases  of  extensive  suppuration  in  the  joint  starting  from  pulpy  mis- 
chief. (5)  Cases  in  which  the  jnilpy  infiltration  of  the  synovial  membrane  has 
advanced  to  any  considerable  degree  over  the  articular  cartilage.  (6)  Cases 
in  which  pulpy  infiltration  has  extended  beyond  the  capsular  ligament  to  the 
crucial  ligaments  and  semhunar  cartilages."  It  may  be  further  stated  that 
a  very  rapidly  developing  case,  or  a  case  in  wliich  a  non-operative  cour.se  re- 
sults in  neither  local  nor  constitutional  improvement,  will  likewise  demand 
operation. 

(1)  The  decision  does  not  always  lie  between  excision  and  the  expectant  treat- 
ment, since  the  question  of  amputation  may  intrude.  Amputation  should  be 
entertained  when  extensive  infiltration  and  disorganization  of  the  soft  tissues 
of  the  region  have  taken  place  and  when  the  bone  is  clearly  diseased  for  a 
considerable  distance  above  or  below  the  joint.  Great  debility  of  the  patient, 
extensive  pulmonary  involvement,  or  simultaneous  involvement  of  many  joints 
may  likewise  call  for  amputation:  yet  bone  or  joint  disease  elsewhere,  while 
not  prohibiting  amputation  or  multiple  excision,  should,  for  apparent  reasons, 
lead  to  a  very  careful  consideration  of  all  the  aspects  of  the  cjuestion.     If  the 
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coiiclitioii  of  the  paliciit  pcrnuts,  consecutive  resections  should  be  jii'ilornied. 
The  existence  of  a  slight  or  moderate  pulmonary  lesion  is  not  a  counter-indica- 
tion to  excision. 

A  final  point  to  be  considered  in  the  decision  for  or  against  excision  is  the 
future  value  of  the  limb.  This  can  be  very  briefly  discussed  l)y  stating  that 
after  excision  of  the  knee,  with  good  recovery,  a  ijatient  can  not  only  walk 
without  other  support,  but  he  can  often  walk  as  far  and  as  well  as  before  the 
operation.  The  degree  of  lini])iiig  will  depend  entirely  upon  the  shortening, 
and  it  is  remarkable  to  note  how  entirely  some  patients  with  slight  shorten- 
ing succeed  in  hiding  a  limp.  The  manufacturers  of  artificial  limbs  have  de- 
veloped excellent  substitutes  for  amiuitated  lower  limbs,  yet  an  apparatus  of 
this  sort  does  not  commonly  compare  in  usefulness  and  desirability  with  a  much 
shortened  leg  and  foot.  The  patient  is  usually  better  satisfied,  often  more 
agile,  and  perhaps,  most  important  of  all,  he  is  not  dependent  Ujion  an  instru- 
ment maker. 

(2)  In  suppuration  of  the  knee  joint  prompt  and  efficient  drainage  will 
usually  result  in  a  cure,  yet  cases  will  be  encountered  in  which  the  general 
symptoms  do  not  abate  and  the  joint  shows  signs  of  disorganization  and  caries. 
In  such  cases  complete  excision  may  be  required.  Such  conditions  are 
sequels  of  pytemia,  infective  arthritis,  etc. 

(3)  In  severe  osteo-arthritis  involving  one  knee  and  occuri'ing  in  patients 
under  forty  years  of  age,  a  typical  excision  should  give  a  very  useful  limb. 
When  possible,  however,  an  atypical  excision  should  be  made  as  a  part  of  an 
arthroplastic  operation  undertaken  for  the  purpose  of  restoring  a  limited  mo- 
tion to  the  joint. 

(4)  Bony  ankylosis  of  the  knee  usually  occurs  in  a  flexed  position  and 
requires  some  operation  which  will  place  the  limb  in  a  better  weight-bearing 
position.  Authorities  are  not  in  accord  as  to  the  best  method  of  treating  the 
condition.  Complete  excision,  osteotomy  at  or  above  the  point  of  ankylosis, 
and  arthroplasty  are  the  measures  to  be  considered.  Complete  excision  in- 
volves the  removal  of  a  sufficient  wedge  of  bone  to  place  the  leg  in  either  a 
perfect  line  with  the  axis  of  the  femur  or  questionably  at  a  very  slight  angle  of  flex- 
ion. Care  should  be  taken  to  remove  sufficient  bone  to  permit  of  easy  extension 
without  tension  on  the  soft  tissues  that  lie  behind  the  joint.  A  wedge  of  bone 
sufficiently  large  to  accomplish  this  will  almost  certainly  invade  the  epiphyses 
in  children.  Jacobson  advises  strongly  against  excision  and  recommends  either 
division  of  the  line  of  bony  union  \\ith  an  osteotome,  first  from  one  side  then 
from  the  other,  or,  in  cases  where  the  soft  parts  are  strongly  contracted,  a 
double  osteotomy  of  the  femur  antl  of  the  tibia.  This  is  advised  as  a  very 
much  less  extensive  operation  than  excision  and  very  much  less  likely  to  re- 
sult in  subsequent  interference  with  the  growth  of  the  limb.  Arthroplasty  is  the 
ideal  operation  (see  page  372)  and  sliould  be  performed  whenever  practicable. 
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(5)  In  certain  cases  of  old  neglected  infantile  paralysis  of  a  lower  ex- 
tremity, particularly  in  those  who  are  too  poor  to  command  suitable  apparatus, 
an  excision  of  the  knee,  which  removes  only  a  very  thin  slice  from  both  the 
femur  and  the  tibia,  will  greatly  imjirove  the  value  of  flail  limbs.  The  ankle 
joint  should  be  excised  first,  then  the  knee.  The  stability  of  the  apposition 
of  the  divided  surfaces  will  be  greatly  aided  by  wiring  the  bones  together. 

(6)  Gunshot  wounds  and  injuries  from  other  causes  may  furnish  a  positive 
indication  for  excision.  The  decision  is  dithcult  in  these  cases  and  will  depend 
upon  the  special  conditions  encountered.  From  the  early  dictum,  which  de- 
manded primary  amputation  for  every  gunshot  wound  of  the  knee,  surgical 
opinion  has  now  passed  to  the  opposite  extreme,  particularly  in  military  prac- 
tice. (See  article  on  Gunshot  Wounds,  in  Vol.  II.)  When  the  bone  is  pri- 
marily seriously  sjjlintered  and  fragments  of  some  size  are  broken  off,  a  primary 
typical  resection  with  drainage  should  be  done.  WHien  suppuration  supervenes, 
in  the  course  of  a  conservative  plan  of  treatment,  and  seems  to  extend  in  spite 
of  irrigation  and  drainage,  a  typical  excision  should  lie  done  for  the  purpose 
of  securing  good  drainage. 

The  same  reasoning  should  be  followed  with  cases  of  compound  fracture  of 
the  knee. 

Anatomical  Factors. — Here,  as  in  other  joints,  the  success  of  the  operation 
will  depend  upon  an  accurate  knowledge  of  the  anatomy.  There  is  no  point  in 
the  anatomy  of  the  joint  which  ecjuals  in  importance  the  epiphyseal  lines  of  the 
femur  and  tibia.  These  two  lines  represent  the  chief  points  of  development  in 
each  bone,  and  their  close  proximity  to  the  joint  surfaces  brings  them  at  all  times 
within  the  danger  line  in  excision.  Their  location  is  well  shown  in  Fig.  238  (a 
skiagram  redrawn).  Bryant  states  that  in  a  child  of  eight  years  of  age  no  more 
than  two-fifths  of  an  inch  can  be  removed  from  the  tibia,  nor  more  than  three- 
fifths  of  an  inch  from  the  femur,  without  interfering  with  the  epiphyseal  lines. 

The  arrangement  of  the  ligaments  of  the  knee  is  so  well  shown  in  Figs.  239 
and  240  that  a  detailed  description  in  umiecessary;  yet  it  seems  wise  to 
call  attention  to  the  functional  importance  of  the  anterior,  the  posterior,  and 
the  crucial  ligaments.  The  great  importance  of  anterior  support  and  the 
power  of  extension  is  well  illustrated  by  the  disability  which  follows  fracture 
of  the  patella.  During  extension  the  tendon  of  the  quadriceps  extensor,  the 
sesamoid  patella,  and  the  ligamentum  patellae  furnish  the  main  anterior  sup- 
port of  the  knee ;  yet  they  are  not  the  sole  anterior  support,  as  is  sometimes 
shown  by  the  fact  that  the  reunion,  by  suture  of  the  patella,  does  not  give  a 
complete  result.  The  lateral  expansion  of  the  quadriceps  often  requires  re- 
pairs. This  point  should  be  borne  in  mind  in  operations  upon  the  knee  joint. 
If,  however,  in  this  repair  much  shortening  be  caused  by  the  lateral  expan- 
sion, subsequent  flexion  is  hindered  for  a  time  at  least.  The  posterior  ligament 
is  likewise  very  strong  and  it  is  essential  that  the  ligament  should  be  left  to 
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inliil)il  overextension.  Its  destruction  hy  di.seuse  may  furnisii  an  indication 
for  complete  resection.  Tlie  cnicial  ligaments  have  a  corresponding  significance 
as  regards  staliility  and  siiliscqucnl  niolion,  and  aic  sliown  in  I'"ig.  2'A\).  Tiie 
synovial  membrane  of  the  joini  presents  snrli  uiii(iuc  irregularities,  and  side 
pockets  are  so  numerous,  that  a  very  careful  study  of  its  arrangement  is  neces- 
sary. Fig.  2-II  shows  with  great  clearness  the  facts  of  imjiortance  in  this 
respect.     It  is  apparent  nt  a  glance  that  such  a  degree  of  syno\ial  expansion 


Fig.  23S. — Resection  of  Knee,  Sliowing   Epiphyses.      (Skiagr.im    redrawn.')     aa',  Transverse  inrision 
through  the  patella,  from  condyle  to  condyle;  b,  Langenbeck's  incision;  candrf,  sites  of  bone  section. 

presents  unusual  difficulties  both  in  drainage  and  as  regards  the  complete  re- 
moval of  diseased  synovial  meml^rane.  The  dependent  posterior  portion  of 
the  cavity  very  evidently  cannot  be  drained  by  tubes  placed  beneath  the 
patella.  The  bursa  of  tlie  popliteus  muscle  conununicates  with  the  joint  and 
sometimes  likewise  with  the  superior  tibio-fibular  articulation.  This  fact  im- 
poses upon  the  surgeon  unusual  care  in  opcratiA-e  interference  with  the  latter 
articulation  The  size  and  jwsition  of  the  quadriceps  liursa  jiresent  consider- 
able variation,  both  in  different  individuals  and  in  different  positions  of  the 
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limb.  It  reaches  its  highest  point  in  a  position  of  extension,  \vliile  in  marked 
fiexion  it  extends  very  httlc  above  a  line  marking  tlie  anterior  limit  of  the  artic- 
ular cartilage  of  the  femur. 

The  position  of  articular  and  muscular  structures  in  the  icgion  of  the  joint 
is  of  evident  importance.  The  popliteal  vessels  lie  so  closely  in  contact  M'ith 
the  posterior  ligaments  of  the  knee  joint  that  the  location  of  the  artery  in 
particular  should  be  considered  whenever  tuberculous  infilti'ation  of  the  liga- 
mentous structures  demands  their  removal.     This  danger  is  greatly  increased  in 


Fig.  239. — Right  Knee  as  Seen  from  in  Front.  (After  Spalteholz.)  a,  Posterior  crucial  liga- 
ment; b,  inner  epicondylc;  c,  inner  condyle  of  femur;  d,  lateral  tibial  ligament;  e,  inner  meniscus; 
/,  transverse  ligament;  h,  tuberosity  of  tibia;  i,  shaft  of  tibia;  p,  shaft  of  fibula;  o,  ligament  of  head 
of  fibula;  /,  anterior  crucial  ligament;  x,  lateral  fibular  ligament ;  z,  lateral  menisciis;  s,  outer  con- 
dyle of  femur;  y,  outer  ejjicondyle. 

the  presence  of  deformity,  and  in  such  ca.ses  the  di-ssection  should  be  done 
without  a  tourniquet,  in  order  that  the  dissection  may  be  aided  by  evidences  of 
jnilsation  of  the  vessel.  The  articular  arteries  should  be  avoided  because  of 
the  annoyance  of  hemorrhage.  The  superior  internal  and  external  arteries 
pass  above  the  respective  condyles  of  the  femur.  The  inferior  internal  artery 
passes  below  tlie  tuberosity  of  the  tiliia  and  beneath  the  internal  lateral 
ligament,  while  the  inferior  external  artery  passes  directly  o\'er  the  head  of  the 
fibula  and  likewise  beneath  the  external  lateral  ligament. 
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Oprrativk  Methods. — The  Openiliou  oj  Nim-t^uhperioalatl  Excision. — Tlie 
extremity  is  elevated  for  ;i  lew  iiiimiles  to  pciinit  of  veiioiiw  outflow,  and  a  tourni- 
quet is  then  a]i|ilied.  The  knee  is  nou  Hexed  Id  a  rl.tjlil  anjile  with  the  foot 
on  tlie  table,  and  any  one  of  three  incisions  may  l)e  used  to  expose  the  joint. 
The  wi-iter  ]irefers  an  inci.-ion  which  lictiins  jus!  over  and  jiosterior  to  the  iimer 


Fig.  240. — Right  Knee  Joint  as  Seen  from  Behind.  (After  Spalteliolz.)  a,  Shaft  of  femur; 
6,  plantaris  muscle  and  outer  head  of  gastrocnemius  muscle  cut  through;  c,  external  lateral  ligament; 
d,  ligamentum  popliteum  arcuatum ;  c.  retinaculum  ligamenti  arcuati ;  /,  popliteus  muscle  (cut  through) ; 
h,  head  of  fibula;  /,  tibia;  I,  tendon  of  adductor  magiuis  muscle  (cut  through);  r,  inner  head  of  gas- 
trocnemius muscle  (cut  through);  (,  obliciue  popliteal  ligament;  y,  tendon  of  semi-membranosus 
muscle  (cut  through);  z,  popliteus  muscle  (cut  througli). 

condyle  and  extends  directly  across  the  middle  of  the  patella  to  a  corresponding 
point  on  the  opposite  side  {aa' ,  Fig.  238).  This  incision  divides  the  skin  and 
subcutaneous  tissue.  The  lateral  expansion  of  the  quadriceps  tendon  is  now 
divided  along  the  same  line,  thus  opening  the  joint,  first  on  one  side,  in  order  to 
confirm  the  diagnosis,  then  on  the  other  side  as  well.  The  tendinous  aponeu- 
rotic fibres  on  the  anterior  surface  of  the  patella  are  then  divided  with  a  sharp 
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knife,  and  the  patella  is  sawed  through  transversely.  The  joint  is  now  freely 
opened,  and  retraction  of  the  patellar  fragments  upward  and  downward,  to- 
gether with  acute  flexion  of  the  knee,  will  expose  the  joint  to  quite  accurate 
inspection.  Practically  the  same  exposure  of  the  joint  may  be  obtamed  by  a 
curved  incision  either  above  (c?a",  Fig.  242)  or  below  the  patella.     The  lower  in- 


FiG.  241. — Knep  .Joint,  Showing  the  Synovial  Cavity  and  all  Adjacent  Bursip  Injected,  then  Dis- 
sected Out.  {.\fter  Spalteholz.)  a,  Tendon  of  quadriceps  femoris;  b,  suprapatellar  bursa;  c,  cavity 
of  joint;  d.  patella;  e,  subcutaneous  prepatellar  bursa;  /,  semilun.ar  cartilage;  z,  patellar  ligament; 
y,  deep  infrapatellar  bursa;  2,  tuberosity  of  tibia;  t,  shaft  of  tibia;  s,  head  of  fibula;  r,  bursa  of  pop- 
liteus  muscle;  o,  lateral  fibular  ligament;  I,  outer  epicondyle;  h,  shaft  of  femur. 


cision  begins  likewise  over  one  condyle,  curves  downward  below  the  patella, 
and  ascends  to  the  opposite  condyle.  Tire  capsule  and  ligamentum  patella' 
are  divided  along  the  same  line,  and  this  flap  containing  the  patella  is  reflected 
upward.  In  the  upward  incision  the  convexity  of  the  curve  is  upward.  The 
deep  incision  divides  the  quadriceps  just  above  the  patella  tendon,  and  the 
patella  is  reflected  downward. 
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The  crucial  ligiuiicnts,  if  not  aiictidy  destroyed  by  disease,  are  now  divided, 
and  the  incision  is  extended  laterally  in  such  a  manner  as  to  give  easy  pro- 
trusion of  the  hones  fi'oiii  llie  wound.  If  (lie  tissues  are  not  diseased  a  sub- 
periosteal separation  of  the  attachments  of  the  lateral  ligunients  .should  he  made. 
The  posterior  tissues  are  now  retraetetl  by  a  sti'ip  of  gauze,  and  the  femur  is 


Fig.  242.^Incisions  for  Various  Resections,  np,  Ollier's  inei.sion  for  re.section  of  tlie  knee- 
dd',  lower  curved  incision  for  resection  of  knee;  h.  incision  for  resection  of  femur;  c,  incision  for 
resection  of  fibula;  t,  flap  of  skin  and  periosteum  flap  for  excision  of  limited  area  of  necrosis  in  tilMa. 
Flap  is  depressed  and  nailed  into  cavity  after  operation. 


sawed  across  at  right  angles  to  the  long  axis  of  the  bone.  (Fig.  243.)  The 
tibia  is  then  pushed  upward,  and  its  articular  surface  is  sawed  off.  (Fig.  244.) 
The  exact  position  of  this  saw  line  in  both  bones  will,  in  children,  be  governed 
chiefly  by  the  location  of  the  epiphyseal  line,  and  in  adults  mainly  by  the  ex- 
tent of  the  disease.  The  iJrimary  excisions  may  prove  to  be  insufficient  to 
remove  all  disease,  whereupon  either  a  second  slice  is  removed  or  the  remain- 
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ing  foci  are  to  be  excised.  The  ])rcseiice  of  a  focus  of  disease  in  one  condyle 
is  by  no  means  an  indication  for  liigher  division  of  bone.  Tlie  von  Mosetig- 
Moorhof  method  of  plugging  bone  cavities  with  an  iodoform  mass  (Vol.  I.,  p. 
724)  has  opened  up  a  wide  field  for  conservati\'e  atypical  resections,  and  it  is 
now  possible  in  a  great  many  cases  to  make  the  saw  line  in  the  position  of 
choice,  as  regards  function  of  the  epiphyseal  line,  and  to  gouge  or  cut  out  any 
small  focus  that  may  he  left.  This  excision  of  foci  should  be  done,  as  far  as 
possible,  with  a  sharp  heavy-bladed  knife,  and  not  with  a  curette.  When 
the  bone  ends  have  been  excised,  a  free  field  is  presentetl  for  the  i-emoval  of 
diseased  soft  tissues.  In  Uiberculosis,  this  dissection  should  be  done  in  a 
methodical  manner  with  a  very  shar])  knife.     Any  one  starting-point  may  be 


Fig.  243. — Resection  of  the  Knee.      (From  Bryant's  "Operative  Surgery.")     Tlie  joint  ca\'ity  Ijas  Ijeea 
completely  exposed  by  a  horseshoe-sliaped  incision  wliich  curves  downward  below  the  patella. 


chosen:  then  the  entire  synovial  membrane  should  be  removed  in  such  a  syste- 
matic manner  that  there  will  be  no  need  of  returning  to  any  spot  for  the  pur- 
pose of  completing  the  dissection.  During  the  removal,  caution  shoukl  be 
exercised  so  as  not  to  infect  the  open  ends  of  the  exposed  Haversian  systems, 
and  in  some  instances  it  will  be  wise  to  dissect  away  the  disease  as  far  as  pos- 
sible before  sawing  the  bone.  WTien  an  erosion  of  bone  presents  itself,  a  heavy 
knife  should  be  used  to  shave  off  all  suspicious  bone  tissue.  All  sinuses 
should  likewise  be  excised.  When  the  dissection  has  been  completed,  the 
field  should  be  flu.shed  with  salt  solution  and  wiped  dry;  and  then,  if  the  opera- 
tion has  been  done  for  tuberculous  disease,  the  entire  joint  should  be  thor- 
oughly mopped  with  pure  carliolic  acid,  which  is  left  in  contact  with  the  tissues 
for  about  one  minute.     Alcohol  is  then  used  to  neutralize  the  carbolic  acid,  and 
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the  wouml  is  rciidy  I'oi'  closure.  'I'lic  Ijoncs  arc  fastened  to<;etlier  by  two  or 
lliice  lieavy  twenty-day  clirdinicized  catgut  sutures  wliicli  are  ])asse(l  through 
drill  lioles,  ahiuidant  drainage  is  placed  at  each  side,  and  the  capsule  of  the 
joint  is  closed  with  No.  2  oi'  No.  3  plain  catgut  sutures.  The  closure  of  the 
capsule  is  important  and  should  bo  accurately  done.  In  suturing  the  patella 
it  is  not  necessary  to  drill  the  bono,  since  the  firm  tissues  at  either  border  and 
on  the  antei'ior  surface  furnish  sufiicicnt  body  fiii-  \'eiy  firm  and  accurate  su- 
turing.    The  wound  is  now  diTssed  and  the  joint  is  immobilized  by  a  plaster- 

of-Paris  splint  applied  in  the  manner  shown 
in  Fig.  245.  The  tourniquet  is  removed 
either  before  the  Wound  is  closed  or  after 
the  dressings  have  been  applied.  The 
former  method  is  safer  unless  surgical  aid 
is  at  hand  in  case  of  hemorrhage.  The 
construction  of  the  sjilint  (except  as  re- 
gards the  two  strii)s  of  hoo))  iron  incor- 
l)orated  posteriorly)  and  the  method  of 
suspension  are  sufficiently  explained  by 
a  reference  to  the  illustration.  The 
strips  referred  to  are  included  in  a  five- 
inch  strap  of  plaster,  made  by  superim- 
[)osing  a  sufficient  number  of  layers  of 
l^laster-gauze  bandage,  and  they  give  effi- 
cient reinforcement  to  the  posterior  sup- 
port. These  patients  do  not  usually  suffer 
great  pain  after  operation  when  the  leg  is 
thus  swung  free  from  the  bed  and  removed 
from  possible  injury.  The  dressings  are 
usually  not  removed  for  five  days,  unless 
special  indications  arise,  and  the  subse- 
cjucnt  change  of  the  dressings  will  depend 
largely  upon  the  condition  of  the  joint  at 
the  time  of  operation.  If  the  joint  has  been  free  fi'om  pyogenic  infection 
previous  to  operation,  the  drainage  wounds  will  require  very  little  or  no 
further  attention  and  will  heal  promptly;  otherwise,  there  may  be  a  continu- 
ation of  the  discharge  for  a  considerable  pei'iod. 

After  the  lapse  of  from  six  to  eight  weeks  bony  union  is  usually  secure  and 
the  patient  may  get  about  on  crutches,  but  inunobilization  should  be  con- 
tinued for  a  much  longer  time,  ffidcma  and  impaired  muscular  power  will 
persist  for  quite  a  long  period,  yet  the  patient  will  return  to  a  normal  state 
in  these  respects  quite  as  soon  as  it  is  wise  for  him  to  use  the  extremity  for 
weight-bearing  locomotion.     Cases  of  excision  for  tuberculosis  should  be  kept 


Fig.  244. — Resection  of  the  Knee.  (From 
Bryant's  "Operative  Surgery.")  Saw  in 
place  for  removal  of  the  articular  surface 
of  the  tibia. 
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under  very  careful  supervision  for  a  considerable  period,  because  of  possible 
recurrence  at  some  point  of  incomplete  excision.  A  prompt  .secondary  opera- 
tion ■will,  as  a  rule,  save  a  joint  that  might  otherwise  go  ou  to  extensive  re- 
infection and  destruction  and  demand  amputation. 

Some  surgeons  have  taken  a  rather  indifferent  attitude  toward  the  fungous 
granulations  found  in  a  joint,  stating  that  they  will  either  undergo  absorption  or 
break  tlown  into  caseous  material  and  be  discharged,  or  that  they  will  be  organ- 
ized into  useful  fibrous  tissue.  From  the  standpoint  both  of  pathological  rea- 
soning  and    of    ehnical    exjjerii'uce,    this   advice    would    seem   to   the    autiior 


Fig.  245. — Suspension  of  Lower  Extremity  after  Excision  of  the  Knee.  (Original.)  The  ex- 
tremity is  suspended  by  three  heavy  rubber  tubes  from  a  bar  placed  horizontally  over  the  bed.  The 
splint  is  interrupted  at  the  knee. 


dangerous.  A  conception  of  the  disease  which  places  it  in  the  light  of  a 
process  that  manifests  many  characteristics  of  malignancy,  and  which  bases  the 
operation  upon  such  conception  of  the  disease,  would  seem  very  much  more  ra- 
tional. Tlie  inveteracy  of  the  disease  .should  not  be  lost  sight  of  for  one  mo- 
ment during  the  entire  course  of  the  operation,  and  the  dissection  should  be 
executed  with  the  .same  care  to  effect  a  complete  removal  of  all  affected  ti.ssues 
that  is  employed  in  the  remo\'al  of  malignant  tumors.  A  failure  to  apply  such 
reasoning  has  undoubtedly  contributed  many  bad  results  and  has  done  much 
to  bring  the  correctness  of  this  operation  into  question. 

Subperiosteal  Excision  of  the  Knee  Jo?n/.— Langenbeck  describes  an  opeia- 
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tiuii  for  excision  which  presents  no  advantage  over  that  which  has  just  been 
described,  except,  perhaps,  tliat  the  anterior  structures  are  not  divided.  It 
has  the  disadvantage  of  presenting  much  greater  technical  difficulties.  The 
transverse  incision  gives  such  excellent  exposure  of  the  joint,  and  bony  union 
of  the  patella  is  so  entirely  assured  after  resuturing  the  fragments,  that  there 
seems  little  reason  for  assuming  the  added  technical  difficulties  of  Langenbeck's 
method.  Tin'  skin  incision  is  shown  in  T'ig.  242.  Tlie  skin  flap  is  reflected 
forward  and  the  capsule  divided  in  the  line  of  articulation.  The  resection  is 
completed  subperiosteally.  Small  openings  are  made  on  either  side  poste- 
riorly for  tube  drainage. 

Oilier  has  likewise  suggested  an  operation  for  subperiosteal  excision.     His 
incision  {ae,  Fig.  242)   commences   two  inches  above  and   to   the   outer  side 

of  the  patella,  descends  to  its  up- 
per outer  angle,  curves  around  the 
outer  border  to  the  apex,  then  de- 
scends vertically  along  the  outer  bor- 
der of  the  liganientum  patella>  as  far 
as  its  insertion.  The  operation  is  con- 
tinued subperiosteally.  Operation  by 
an  anterior  vertical  incision,  which 
divides  the  quadriceps  tendon,  patella, 
and  ligamentum  patelhr  longitudinally 
exactly  in  the  middle  line,  has  also  been 
suggested.  The  lateral  halves  of  the 
patella  are  retracted  and  the  ends  of 
both  bones  are  satisfactorily  exposed 
in  a  position  of  acute  flexion.  This 
incision  is  said  to  give  an  exposure  of 
the  joint  which  is  equal  to  that  given 
by  the  transverse  incision,  and  it  pos- 
sesses the  advantage  of  preserving  un- 
impaired the  anterior  support  of  the 
knee. 

Excision  of  the  Knee  without  Open- 
ing the  Joint. — Carleton  P.  Flint  {An- 
nals of  Surgery,  March,  1906)  describes 
an  operation  for  the  excision  of  tuber- 
culous joints  which  avoids  all  dangers 
of  smearing  tuberculous  or  pyogenic 
material  over  normal  tissues,  avoids  hemorrhage,  and  is  said  to  save  much 
time.  This  operation  was  first  described  by  Nicholas  Walkowitch,  Kiew, 
Russia,  in  the  journal  Wmich  (1896,  No.  31),  and  subsequently,  by  the  same 


Fig.  246. — Excision  of  tiie  Knee  witiiout  Open- 
ing the  Joint.  U-sliaped  incision  in  quadriceps 
extensor;  internal  and  external  lateral  incisions 
in  fascial  expansions  of  quadriceps;  transverse  in- 
cision over  head  of  tibia.  (Flint,  in  Annals  of 
Surgery,  March,  1906.)  a.  Skin  flap  turned  up; 
b,  quadriceps  extensor  tendon;  r,  exter'-al  lateral 
incision;  d,  joint;  c,  patella;  /,  transverse  incision ; 
g,  U-shaped  incision  in  muscle ;  A,  internal  lateral 
incision;  i,  joint;  k,  tendon  of  patella;  I,  tubercle 
of  tibia. 
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author,  in  the  Deutsche  Zeitschrift  fiir  Chirurgie  (Bd.  74,  1904).  The  opera- 
tion may  be  described — partly  in  the  author's  words  and  partly  in  our 
ovMi — as  follows: 

A  rectangular  flap  of  skin  and  subcutaneous  ti.ssue  i.s  first  dissected  up- 
ward, as  indicated  in  Fig.  246.  The  next  incision  is  made  in  the  deeper  tissues 
and  with  the  concavity  upward.  It  starts  in  the  vastus  internus,  a  little  above 
the  upper  limit  of  the  subcrural  bursa, 
and  is  carried  ^lo^\^uvard  and  outward  in 
the  direction  of  the  muscle  fibres  of  the 
tendon  of  the  quadriceps  extensor,  one- 
half  inch  above  the  patella,  and  from 
here  upward  and  outward  in  the  direc- 
tion of  the  fibres  of  the  vastus  externus 
to  a  point  corresponding  to  the  begin- 
ning on  the  inner  side  (g,  Fig.  246). 
The  muscle  with  the  tendon  is  com- 
pletely divided  and  turned  upward,  thus 
exposing  to  view  the  subcrm-al  bursa 
(/,  Fig.  247).  Two  small  incisions  are 
next  made,  one  on  either  side  of  the 
femur;  they  start  on  each  side  of  the 
patella,  in  the  mcision  just  described, 
and  are  carried  do^\■nward  and  back- 
ward to  the  joint  line  (h,  e,  Fig.  246). 
The  one  on  the  inner  side  divides  the 
tendinous  expansion  of  the  quadriceps, 
while  that  on  the  outer  side  divides  the 
tendinous  expansion  and  part  of  the 
ilio- tibial  band.  After  these  incisions 
have  been  completed,  the  subcrural  bursa 
is  separated  from  the  femur  with  the 
knife  and  turned  down,  the  patella  being  tilted  when  it  is  not  adherent.  The  last 
incision  in  front  is  carried  transversely  across  the  front  of  the  tibia  down  to  the 
bone,  just  below  the  joint  line  (/,  Fig.  246).  On  the  inner  side  the  sartorius  and 
the  gracilis  are  pushed  back ;  on  the  outer  side,  the  biceps  and  peroneal  nerve. 

A  flat  retractor  about  one  incli  wide  is  now  introduced  on  the  inner  side 
behind  the  head  of  the  tibia,  close  to  the  joint  line  {h,  Fig.  247).  It.  is  first 
introduced  vertically  between  the  gracilis  and  the  sartorius  on  one  side  and  the 
tibia  on  the  other.  These  muscles  are  pried  off  and  the  retractor  is  brought  to 
a  horizontal  plane,  the  apex  passing  behind  the  tibia.  This  retractoi-  is  now 
pushed  outward,  always  close  to  the  bone,  until  it  emerges  at  the  outer  side. 
All  soft  parts  are  thus  held  back, 
vol..  IV. ^29 


Fig.  247. — Excision  of  Knee  without  Open- 
ing the  Joint.  Mu.scle  incisions;  bursa  turned 
down;  retractor  in  place;  saw  cutting  tibia. 
(FHnt,  in  Annals  of  Surgerj/,  Marcli,  1906.) 
a,  Retracted  skin  flap;  6,  femur;  c,  vastus 
externus;  d,  subcrural  bursa;  e,  patella;  /, 
quadriceps  extensor  turned  up;  g,  vastus 
internus;  h,  retractor  behind  tibia. 
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Tlie  next  step  is  to  saw  throiif^li  llic  til)ia  as  close  to  tlic  joint  us  cir- 
cumstances seem  to  warrant,  tlie  leg  being  still  Hat  on  tlic  tahic  and  the 
soft  jtarts  being  protected  by  tlu^  retractor,  which  is  still  retained  in  i)lace. 
(Fig.  247.) 

The  .saw-cut  through  the  head  of  the  tibia  is  used  as  a  joint.  The  femur 
is  Hexed  on  the  body,  and  the  leg  on  the  femur  (Fig.  248),  and  with  a  large 
knife  the  soft  parts  are  cjuickly  separated  from  the  posterior  structures  of  the 
joint.     Hy  a  little  down\vp-d  traction  on  the  leg,  combined  with  the  pull  of 

its  own  weight,  injury  to  the  vessels 

""^""^  is  easily  a\'oided.     Tins  .seems  to  be 

'/        mucli   moil'  readily  accomplished  in 

j^ ^  ^  •   -,,_^^,™^»  ,         this  manner   than  by    the  operation 

.JL-—  j  which  attacks  the  posterior  structures 
of  the  joint  from  the  anterior  as|)ect. 
One  has  at  least  a  better  .sense  of  se- 
curity becau.se  one  is  pci-fectly  sure  of 
the  relation  of  the  ves.sels  to  the  knife. 
<^^  ^»:Sfes:^€^  ''^^  soon  as  the  posterior  region  of 

j  ■^^^^^^i^;;:::^  J  the  condyles  is  exposed,  the  fenun-  is 

-^^     ^         ^J        ,•        sawed  through  from  behind  forward 
1"%^    ~?  M  '"^""^    slightly  downward    at    a   level 

^  M  which  will  permit  the  saw  to  clear 

the    cartilage    behind.       (Fig.    248). 

Fig.  24».J;Lei  Flexed  p^jhigh;  Condyles  iCx-     This  saw-cut  is  carried  forward  until 
posed;  Savr-m  Place  for  Section  of  F-emur.    (Flint,     jt  reaches  tile  margin  of  the  Cartilage 

in  Annals  of  Surgery,  March,  1906.)   a,  Tendon  of  ,  .  .•    .  i       r 

patella;    6,    lateral    cut    in    vastus;    c,  condyle    of  <>!>    "H'   auteriOr  SUrfaCC  ot    the  fcmUr, 

femur;  rf,  upper  section  of  tibia;  e,  line  of    joint;  jynJ      );h(>       g^W      IS     then     Withdrawn. 

/,  condyle  of  femur;  g,  tibia;    h,  tendon  of  patella;  ~,         ,.  .  r    .1  •  i       1         111 

i,  tuberosity  of  tibia;  k,  skin  flap  turned  back.  The  direction    of    thlS   CUt    should    be 

downwaixl  and  forward  so  as  to  effect 
as  small  a  loss  as  possible  of  the  femur  and  also  to  obtain  the  desired  slightly 
flexed  position  of  the  bones  subsequently.  It  is  easy  to  be  deceived  as  to  the 
exact  position  of  the  cartilage  behind.  The  operator  should  examine  the  rela- 
tions of  the  parts  with  particular  care  at  this  stage  of  the  operation,  as  other- 
wise the  saw-cut  in  the  femur  may  be  made  too  high  up. 

After  the  saw  has  been  withdrawn  from  the  femur,  the  leg  should  once 
more  be  placed  in  the  horizontal  position.  The  saw  is  introduced  behind  the 
subcrural  bursa  at  the  upper  margin  of  the  articular  cartilage  on  the  front  of 
the  femur,  and  a  cut  is  made  which  will  meet  the  anterior  limit  of  the  hori- 
zontal saw-cut  that  was  made  from  behind.  (Fig.  249.)  Tliis  last  cut  is  al- 
most vertical,  in  the  coronal  plane,  and  allows  the  articular  portion  of  the 
femur,  which  extends  upward  in  front,  to  be  removed  with  the  joint. 

This  is  the  last  step  of  the  incision  proper,  for  it  is  now  possible  to  lift  out 
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en  nHLsse  all  the  striR'tvires  which  immediately  compose  the  johit  (the  patella, 
the  suberural  Inii^a,  and  the  articular  surfaces  of  the  femur  and  tibia)  with- 
out having  oi)ened  the  articular  cavity.  Up  to  this  point  a  tourniiiuet 
is  u.sed,  l)ut  now  it  is  removed  and  the  bleeding  points  are  r|uickly  clamjied 
and  tied,  thereby  reducing  the  hemorrhage  to  a  minimum.  Inasmuch  as  this 
part  of  the  operation  takes  but  little 
time — in  fact  only  about  ten  minules,  or 
even  only  six  minutes  in  easy  cases — we 
do  not  see  why  the  tourniejuet  might 
not  be  left  on  for  a  still  longer  time  and 
thus  insui'c  complete  luvmostasis. 

Witliout  stopping  to  describe  the 
intermediate  steps,  which  present  no 
points  of  special  interest,  we  may  pass 
on  at  once  to  the  final  ones  (jf  the 
operation.  Dr.  Flint  unites  the  bones 
with  No.  4  chromicized  catgut,  six 
stitclies  being  passed  directly  through 
the  lione  with  a  Hagedorn  needle  of 
large  cur\'e.  (Fig  .250.)  It  is  usually 
unnecessary  to  bore  holes,  the  corti- 
cal portion  of  the  lower  part  of  tlie 
femur  and  upper  region  of  the  til)ia 
being  so  thin  that  it  can  be  readily 
penetrated  by  a  nce<llc.  The  needle 
goes  slowly  at  first  and  should  be 
held  in  the  holder  about  one  inch 
from  the  point,  so  as  to  prevent  it 
from  breaking. 

\\lien  examination  of  the  cut  ends 
of  the  bones  reveals  such  an  amount  of 
disease  left  l^ehind  as  to  render  curetting  inatlecjuate  and  demand  removal  of 
another  piece  of  bone,  then  we  are  liable  to  get  into  the  region  where  tlic  cor- 
tex is  so  thick  as  to  make  this  method  of  suturing  impracticable.  In  such 
a  case  we  ai-e  obliged  to  resort  to  the  use  of  a  drill. 

After  the  bone  has  been  sutured,  the  muscle  and  skin  flaps  arc  turned  down 
and  sutured  in  place.  As  a  rule,  the  amount  of  retraction  in  the  rectangular 
skin  flap  about  compensates  for  the  shortening  due  to  resection,  and  conse- 
quently secondary  trimming  of  the  skin  is  not  necessary. 

There  are,  of  course,  extreme  cases^r.e.,  cases  with  either  very  little  tuber- 
culous disease  or  with  very  extensive  involvement— in  which  the  operation  just 
described  would  not  be  feasible. 


Fig.  240.  —  Excision  of  the  Knee  without 
Opening  tlie  Joint.  Leg  liorizontal ;  bursa  pulled 
down;  saw  in  place  to  remove  trochlear  sur- 
face of  femur.  ( Flint,  in  Annals  of  Surgery, 
March,  10()6.)  a,  I-'emur;  6,  skin  flap  turned 
up:  r,  retractor;  (/,  saw-cut  in  head  of  tibia; 
c,  bursa  turned  down;  /,  (luadriccps  exten- 
sor. 


452 


AMERICAN   PIIACTICE  OF  SrRGERY. 


The  advantages  of  the  opcratidu  may  1k'  siunnicd  ui)  us  follows: 

1.  It  requires  xvvy  little  tiiiic. 

2.  There  is  very  little  danger  of  coutaniinutioii  of  the  wound  by   tubercu- 
lous or  other  infection  from  the  joint. 

3.  Hemorrhage  can  !)e  reducecl  to  a  mininunn. 

4.  The  operation  is  tluHough,  tlieie  being  but  slight  chance  of  leaving  dis- 
eased tissue  behind,  and  the  prob- 
ability of  recurrence  being  thereby 
diminished. 

General  Remarks  upon  E.kcision 
OF  THE  Knee  Joint. — Wlien  a  limb  is 
ankylosed  in  a  flexed  position,  an  effort 
should  be  made  to  straighten  it  by 
means  of  extension  before  operation. 
Resection  in  a  flexed  position  requires 
the  removal  of  a  large  amount  of 
bone  to  straighten  the  limb,  and, 
unless  a  requisite  amount  be  removed, 
always  subjects  the  posterior  soft 
tissues  to  the  danger  of  undue  press- 
ure or  tension  on  straightening  the 
limb.  Wliitman  has  advocated,  for  over- 
coming flexion  deformity,  a  method  of 
procedure  which  promises  to  be  of  ser- 
vice. The  patient  is  anaesthetized  and 
placed  face  dowiiward  upon  a  table 
with  pillows  so  arranged  beneath  the 
abdomen  that  the  anterior  surface  of 
the  tibia  will  rest  evenly  upon  the 
table.  The  operator  then  holds  the 
head  of  the  tibia  firmly  against  the  ta- 
ble with  one  hand  and,  with  the  ulnar 
border  of  the  other,  begins  forcible  massage  upon  the  contracted  hamstrings. 
Tlris  massage  is  begun  half  way  up  the  thigh,  and,  as  the  resistance  lessens, 
the  body  is  gradually  lowered.  In  contractures  of  long  standing,  with  sublux- 
ation, it  will  not  be  possible  to  complete  the  correction  at  the  first  operation. 
In  forced  extension  of  the  leg  under  these  circumstances,  care  should  be 
taken  not  to  overstretch  the  tissues  of  the  popliteal  space,  especially  the 
nerves  and  vessels.  Great  pain  attends  the  former  and  rupture  the  latter 
stretching. 

Reference  has  already  been  made  to  the  conservative  treatment  of  disease 
foci  which  extend  in  an  isolated  mamier  into  the  sawed  extremitv  of  the  femur 


Fig.  2.50. — Excision  of  tlie  Knee  witlioiit 
Opening  tlie  Joint.  Femur  and  tibia  approxi- 
mated; suture.s  in  place.  (Flint,  in  Annals  oj 
Surgeri/,  March,  1906.)  a,  Skin  flap  turned  up; 
b,  tendinou.s  expansion  of  va.stus  e-xternus;  <-, 
vertical  cut  in  femur;  d,  tendon  of  patella;  r, 
muscle  flap  turned  up;  /,  femur;  g,  tendinous 
expansion  of  vastus  internus;  k,  chromicized-gut 
sutures;  i,  tibia;  k,  tubercle  of  tibia. 
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or  tibia.  It  should  be  further  stated  that  dcci)ly  congested  cancellous  bone 
tissue  may  also  be  preserved,  especially  when  its  removal  will  endanger  the 
epiphyseal  line. 

Various  methods  have  been  suggested  for  holding  the  bones  together.  Me- 
tallic sutures,  bone  pegs,  and  nails,  driven  from  without  through  the  integu- 
ment and  bone,  are  efficient  in  many  cases  in  holding  the  sawed  surfaces  firmly 
together  and  may  be  used.  While  it  is  a  matter  of  the  greatest  importance 
to  retain  the  bone  surfaces  in  accurate  apposition  and  to  prevent  the  interjio- 
sition  of  soft  tissues,  particularly  in  the  posterior  portion,  it  should  be  remem- 
bered that  the  use  of  all  such  devices  is  open  to  the  objection  that  they  may 
cause  irritation  and  recjuire  subsecjuent  remo\-al.  If  the  position  can  be  main- 
tained by  the  use  of  absorbable  sutures  or  liy  apparatus  alone,  this  course  is 
mucli  to  be  jireferred.  The  author  uses  No.  3  or  No.  4  chromicized-catgut 
sutures  for  holding  the  bones  in  accurate  jiosition,  yet  his  chief  reliance  is 
I)laced  upon  an  accurately  fitthig  splint.  The  support  afforded  by  a  splint 
.■should  be  maintained  in  these  cases  for  a  much  longer  time  than  that  usually 
needed  in  the  treatment  of  fractures,  since  firm  organization  of  the  cahus  is 
often  much  delayed  by  low  nutritional  conditions  in  the  bone  ends.  Great  care 
should  be  exerci-sed  in  sawing  the  bone  surfaces  correspondingly,  otherwise  a 
crooked  limb  will  be  the  outcome  of  bony  apposition.  A  straight  limb  should 
be  the  aim. 

The  causes  of  failure  after  excision  are:  (1)  Failure  in  removing  all  tuber- 
culous tissue.  (2)  I'nhealthy  condition  of  the  bone  ends,  with  persistent 
osteomyelitis.  (3)  Imperfect  immobilization.  (4)  State  of  low  general  nu- 
trition which  makes  it  impossible  for  the  wound  to  heal.  (5)  Tuberculous 
infection  developing  in  other  i)arts  of  the  body.  (6)  Infection  by  pyogenic 
germs. 

Erasion  of  the  Knee  Joint. — Erasion  of  the  knee  joint  is  an  operation 
which  has  a  definite  field  of  application  in  the  treatment  of  tuberculous  joints. 
By  erasion  is  meant  p  systematic  removal  of  the  diseased  syno^'ial  membrane, 
diseased  ligaments,  and  superficial  disease  of  the  bones  and  cartilages  of  a 
joint.  It  is  used  as  a  substitute  for  excision  when  the  disease  is  limited  to 
these  structures,  and  it  possesses  the  following  advantages:  (1)  No  bone  slices 
having  been  removed,  there  is  no  loss  in  the  length  of  the  limb.  The  saving 
of  normal  bone  ends  is  justified  by  clinical  exixnience,  which  shows  that  the 
weight -bearing  function  of  a  joint  treated  in  this  way  is  equal  to  that  of  an 
excised  joint.  (2)  There  is  no  possible  danger  of  destroying  the  epiphyses. 
This  makes  of  it  the  operation  of  choice  in  children.  (3)  Motion  in  the  joint 
has  lieen  looked  upon  as  an  object  to  be  attained  by  this  method.  This  is 
probably  a  mistake,  and  many  of  the  unsatisfactoi-y  results  which  have  been 
reported  as  following  this  treatment,  such  as  flexion  deformity,  are  doubtless  due 
to  an  effort  to  obtain  motion.     A  fixed  ankylosis  in  a  straight  position  should 
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!)(•  sousilit.  (1)  'I'lu'  li,!2;;uiK'nts  of  tlic  jnint  arc  preserved,  as  a  rule,  an  almost 
normal  staliility  follows,  and  a  speedy  and  lii'm  union  is  obtained,  (5)  If  the 
operation  is  jierformed  early,  the  patient  is  saved  both  destruction  of  tis- 
sue and  l(jss  of  time.  In  llie  case  of  eliildi'cn,  the  saving  of  bone  means  a 
groat  deal. 

When  the  operation  was  pro])o.sed  by  Wright,  in  ISSl,  hopes  were  enter- 
tained that  iclief  from  all  disease,  followed  i)y  motion  in  tlic  joint,  might  be  ac- 
eomplished  in  a  fair  number  of  cases.  As  has  already  been  stated,  liowever, 
this  etTort  to  scciu'e  motion  defeated  the  proposition.  Efforts  to  secure  motion 
resulted  in  the  formation  of  a  fibrous  or  cartilaginous  synostosis,  usually  with 
slight  Hexion,  and  this  flexuic  was  progressively  increased  by  the  weight  of  the 
body.  The  very  fi'cquent  occurrence  of  such  unfavorable  results  led  to  the 
abandonment  of  the  operation  in  very  large  measure.  This  ol)jection  is  now 
removed  liy  the  demonstration  that  erasion,  with  subsequent  immobilization, 
will  give  an  excellent  weight-bearing  linil),  one  that  has  little  tendency  to  fiex- 
ion  deformity.  The  author  has  operated  by  this  method  upon  six  cases  of 
synovial  tuberculosis  in  adults.  Five  of  these  cases  ha^e  not  developed  a 
flexion  deformity;  all  have  I'ccovered  from  the  tuberculous  disease;  and  all 
possess  good  weight-bcai-ing  limbs.  One  of  these  cases  reciuired  a  secondary 
operation  for  the  I'emoval  of  a  small  remaining  focus.  The  sixth  case  was 
operated  upon  in  the  usual  way:  and,  after  the  lapse  of  an  entirely  inadequate 
period  of  time,  the  physician  who  had  originally  sent  in  the  case  for  opera- 
tion decided  that  the  sinuses  \\'ould  not  heal,  and,  possibly  unwisely,  he 
amputated  at  the  middle  of  the  thigh.  The  author  is  of  the  opinion  that  a 
secondary  operation  or  an  excision,  if  done  at  the  jiroper  time,  might  have 
saved  this  extremity. 

Synovial  tuberculosis  is,  in  the  author's  experience,  much  more  frequent 
than  has  lieen  recorded  by  other  ob.servers,  and  it  has  not  seemed  to  him  wise  to 
remove  good  bone  ends  in  these  ca.ses.  The  correctness  of  the  judgment  has 
certainly  been  ])orne  out  l>y  the  excellent  results  that  have  thus  far  been 
obtained. 

The  technique  of  the  operation  differs  in  no  way  from  that  already  described 
in  tlie  section  i-elating  to  excision,  except  that  the  bone  ends  are  not  re- 
moved. The  same  scrupulous  care  in  dissecting  away  diseased  tissue  should  be 
ob.served. 

Should  erasion  fail  to  cure  tlie  disease,  the  joint  is  undoubtedly  left  in  a  less 
satisfactory  condition,  anatomically,  for  excision  than  if  the  parts  had  not  been 
previously  operated  upon;  yet  this  is  true  of  any  secondary  operation.  Era- 
sion will  fail  because  of  incomplete  removal  of  tuberculous  material,  of  im- 
I^erfect  asepsis,  or  of  such  a  lowered  condition  of  the  patient's  vitality  that  the 
wound  cannot  heal. 

I  will  close  bv  adding  that   the  original  distinction  between  excision  and 
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erasion  has  in  a  veiy  largo  measure  disaijpeared.  The  modern  atypical 
operation  for  tuljerculous  joint  disease  often,  if  not  usually,  partakes  of  the 
characters  of  both.  There  are  many  cases  in  whicli  there  is  a  well-defined 
reason  for  adhering  strictly  to  one  method  or  tlie  other:  yet,  as  a  matter  of 
fact,  the  two  differ  only  in  the  circumstance  that  the  bone  ends  are  sawed  off 
in  an  establishetl  way  in  the  one  operation,  and  are  merely  jiared,  when  dis- 
eased, in  the  other  oiJcration.  The  objects  to  be  attained  are  the  same  in 
both  operations,  namely,  a  complete  removal  of  diseased  tissue  and  a  stable 
stiff  knee. 

Excisions  of  the  Tibia. — Partial  or  total  resection  of  the  tiliia  may  become 
necessary  for  necrosis,  for  an  injury,  or  for  the  removal  of  a  tumoi-. 

Acute  osteomyelitis  attacks  the  tibia  witli  great  frecjuency  and  often  re- 
sults in  the  destruction  of  small  or  large  segments  of  the  entire  diameter  of 
the  diaphysis.  One-third,  one-half,  or  even  the  entire  shaft  of  the  bone  may 
become  neci-otic.  The  indications  for  the  removal  of  dead  bone  are  per- 
fectly clear,  for  recovery  cannot  otherwise  occur;  yet  a  serious  difficulty  arises 
in  the  treatment  from  the  fact  that  the  operation  of  resection  removes  the 
weight-supporting  .shaft  of  the  leg.  The  chief  difficulties  in  the  operation  will 
therefore  relate  to  this  one  point.  Many  methods  have  been  suggested  for 
the  filling  of  the  defects  left  by  the  removal  of  dead  bone.  Bone  chips  have 
been  used  as  a  basis  for  .regeneration,  and  the  bones  of  animals  have  been 
transplanted,  yet  neither  of  these  methods  has  proven  uniformly  successful. 
Amputation  should  certainly  never  be  considered  until  it  has  been  clearly 
demonstrated  that  .subperiosteal  resection  or  fibular  transplantation  is  im- 
practicable. 

Much  may  be  done,  in  the  treatment  of  acute  osteomyelitis,  to  prevent  the 
extensive  destruction  of  bone  that  will  demand  resection.  Prompt  drainage, 
l)y  operation,  of  both  the  soft  tissues  and  the  medullary  cavity,  will  usually 
result  in  a  strict  limitation  of  the  destruction  to  the  immediate  area  of  pri- 
mary infection.  This  first  operation  is  never  extensive.  After  the  disease 
has  been  arrested  in  this  manner,  the  regenerative  powers  will  promptly  assert 
themselves,  both  in  the  periosteum  and  in  the  endosteum,  and  at  the  end  of 
about  two  months  "the  periosteal  proliferation  and  ossification  will  have  ad- 
vanced to  a  stage  that  will  make  certain  the  bone-forming  ability  of  the  mem- 
brane, and  will  make  it  sufficiently  rigid  to  allow  of  accurate  manipulation, 
without,  however,  the  ossification  being  .so  advanced  as  to  produce  a  rigid  non- 
plastic  bony  tube."  (Nichols.)  The  time  at  which  this  stage  is  completed 
will  ^•ary  somewhat  from  the  average  time  stated  above,  and  can  be  roughly 
estimated  by  thrusting  a  needle  through  the  i)eriosteum  at  the  side  of  the 
sinus.  When  the  needle  passes  first  through  soft  tissue,  then  through  a  thin 
crackling  layer  of  bone,  and  finally  encounters  the  hard  necrotic  shaft,  the 
desired  stage  of  regeneration  has  been  reactied,  and  the  patient  is  ready  for 
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the  renioviil  of  necrotic  lione.  Nichols  lias  fully  demonstrated  the  capacity 
of  this  hypcrtropiiied  periosteum  to  regenerate  new  bone,  even  an  entire 
diaphysis. 

The  Operation. — An  incision  is  made  in  tlie  long  axis  of  the  bone  and  at  a 
point  where  the  bone  lies  near  to  the  surface.  This  incision  is  carried  down 
to  the  bone  through  the  periosteum,  and  this  membi-ane  is  separated,  with  the 
very  greatest  care,  from  both  sides  of  the  necrotic  shaft.  In  some  cases  nu- 
merous adhesions  will  be  encountered,  while  in  otliers  the  membrane  is  found 
to  be  so  loosely  attached  to  the  l)one  that-  separation  may  be  accomplished 
with  great  ease  until  the  posterior  l)order  is  reached.  If  one  end  of  the  shaft 
is  movable,  it  should  be  seized  and  lifted  with  lion-jaw  forceps,  thus  facili- 
tating the  posterior  dissection:  or,  if  neither  end  is  detached,  the  bone  should 
be  divided  at  the  most  i^racticable  point,  the  ends  lifted  up,  and  the  dis.section 
then  completed.  \Mien  the  entire  shaft  is  not  involved,  the  line  of  demarca- 
tion will  be  indicated  by  the  condition  of  the  periosteum,  by  the  amount  of 
granulation  tissue  and  iius  located  between  the  periosteum  and  the  shaft,  and 
by  the  condition  of  the  marrow.  The  shaft  should  be  removed  until  a  point 
is  reached  where  the  periosteum  is  not  separated  from  the  l)one,  and  where 
the  marrow-  is  vascular  and  non-infected.  Fortunately,  as  a  rule,  the  epiphys- 
eal lines  are  not  invaded,  and  the  preservation  of  even  a  disc  of  bone  beyond 
this  line  will  insure  the  ]jatient  against  future  shortening  from  arrested  de- 
velopment. 

After  the  bone  has  been  removed,  there  will  be  left  a  periosteal  tube  which 
is  pinkish  white  in  color,  plastic,  and  crackling  in  consistency.  The  surface 
should  be  wiped  dry,  then  sterilizetl  with  pure  carbolic  acid,  and  afterward 
neutralized  with  alcohol.  The  jjeriosteum  should  next  be  folded  together  in 
such  a  way  as  to  make  a  flattened  ribbon,  and  should  lie  held  in  this  position 
by  chromicized-catgut  sutures.  The  woinid  should  then  be  closed,  with  pro- 
vision for  drainage,  and  the  leg  carefully  immobilized.  In  about  three  weeks 
a  marked  induration  will  he  felt  along  the  line  of  the  bone,  and  in  from  five 
to  eight  months  the  bone  ■\\ill  have  regained  its  normal  size  and  can  be  used 
freely.  Minor  secondary  operations  for  persistent  sinu.ses  may  be  necessary  in 
some  cases.  The  after-treatment  includes:  (1)  Most  careful  immobilization; 
(2)  the  application  of  aseptic  dressings  at  frequent  intervals;  (3)  the  careful 
shaping  of  the  parts  with  bandages  and  adhesive  plaster  as  the  l)one  develops; 

(4)  abstinence  from  use  of  the  limb  until  the  bone  is  sufliciently  strong;  and 

(5)  careful  attention  to  the  general  health. 

Excision  of  the  Tibi.\  for  Gi.-vxt-celled  S.\rcom.\. — From  recent  facts 
brought  forward  by  Bloodgood,  Kramer,  and  Jenckel,  it  would  seem  that,  in 
giant-celled  sarcoma  of  the  tibia,  excision  of  the  tumor-bearing  segment  of  the 
bone,  or  a  partial  operation  which  does  not  destroy  its  continuity,  .should  be 
substituted  for  amputation.     This  advice  applies  only  to  giant-celled  sarcoma 
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and  to  those  cases  in  whicli  the  new  groMtli  lias  not  infiltrated  the  soft  tissues. 
Several  cases  are  now  on  record  in  which  this  conservative  operation  has  been 
done  successfully;  the  patients  being  alive  and  Well  several  years  after  the 
operation. 

Osteoplastic  Oper.\tioxs  ox  thk  Tibia. — Compound  fractures,  gunshot 
wounds,  and  resection  for  tumors  will  sometimes  result  in  the  total  loss  of  all 
bony  and  periosteal  tissue  throughout  a  length  of  several  inches.  Under  these 
conditions  amputation  may  be  avoided  by  grafting  the  fibula  into  the  gap. 
The  fibula  will  undergo  a  compensatory  hypertrophy,  and  an  efficient  weight- 
bearing  leg  will  be  secured. 

Excision  of  the  Fibula.— The  filuila  is  subject  to  the  same  lesions  that  have 
been  dcscriijetl  fur  the  tilna.  and  precisely  the  same  measures  are  to  be  applied 
for  their  relief. 

Excision  of  the  Ankle  Joint. — .\  consiileralilc  difference  of  oiiinion  prevails 
as  to  the  value  of  excision  of  the  ankle  joint;  the  preponderance  of  opinion 
being  against  its  utility.  This  latter  opinion,  however,  applies  mainly  to  the 
use  of  this  operation  in  the  ti'eatment  of  tuberculous  disease,  and  is  based 
upon  the  following  facts:  (1)  That  results  have  not  been  good  because  of  fre- 
quent associated  disease  in  the  tarsus:  (2)  that  the  final  usefulness  of  the 
ankle  is  not  good:  and  (3)  that  modern  prosthetic  apparatus,  for  use  after 
ankle  and  leg  amputations,  make  very  useful  limbs.  It  must  be  granted,  how- 
ever, that  those  operators  who  use  the  anterior  transverse  incision,  in  select 
cases,  and  who  execute  a  careful  dis.section  of  all  disea.sed  tissue  under  these 
very  favorable  conditions  of  exposure,  are  less  inclined  to  dispute  the  value  of 
excision  of  the  ankle  for  tuberculosis.  All  operators  agree  that  the  operation 
offers  a  more  promising  outlook  in  conditions  other  than  tuberculous  disease. 

The  indications  for  the  ojieration  are:   (1)  Compound  fractures;  (2)  dis- 
locations followed   by  suppuration;  (3)  suppurative  arthritis  which  has  not 
yielded  to  free  drainage:  (4)  advanced  cases  of  infantile  paralysis;  (5)  tuber- 
culous disease  occurring  in  young  patients  and  limited  to  the  ankle  joint; 
(6)  bad  fracture  of  the  astragalus,  with  posterior  displacement. 

Axatomical  Consider.\tions. — The  complicated  structure  of  the  ankle  joint 
calls  for  a  close  study  of  the  po.sition,  relationship,  and  function  of  each  ana- 
tomical element  in  its  neighborhooil.  The  location  of  the  main  vessels  and 
nerves  behind  the  inner  malleolus  will  determine  the  location  of  the  main  incis- 
ions on  the  outside  of  the  joint.  The  location  of  the  epiphysis,  the  position  of 
tendons,  and  the  expansion  of  the  synovial  membrane  are  important  elements 
to  consider  in  jilanning  incisions  and  in  carrying  out  a  dissection  for  disease. 

The  OrER.Vfiox. — When  the  operation  is  done  for  conditions  other  than 
tuberculosis,  two  lateral  incisions  are  used;  when  it  is  done  for  tuberculosis,  a 
transverse  incision  is  made  from  one  malleolus  to  the  other  across  the  front  of 
the  joint. 
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Excision  hij  Two  Lateral  Incisions. — The  cxtivmity  is  elevated  to  drain  out 
venous  blood,  a  tourni(iuct  is  applied,  and  the  foot  is  laid  on  its  inner  side, 
fh-iuly  su])p()rte(l  liy  a  sand  hap.  An  incision  is  carried  downward  al(iii}i  tlie 
lower  two  iind  one-half  inches  of  the  ]K)steii(ii'  horder  of  the  filmla,  and,  at  the 
tip  of  the  malleolus,  it  is  inclined  forward  at  an  angle  and  terminates  nithiu 
an  inch  of  the  base  of  tlie  fifth  metatarsal  bone  (a,  Fig.  2")!).  The  skin  Hap 
thus  formed  is  dissected  forward  to  expose  the  fibula  and  the  peronei.  These 
muscles  are  jiuUed  to  on(>  side,  the  fibula  is  ex|)osed  and  divided  with  a  saw 
two  inches  above  the  tip  of  the  malleolus,  and  the  fragment  is  removed  after 
the  external  lateral  ligament  has  been  divided.  This  wound  is  now  protected 
and  a  .similar  incision  is  made  on  the  inner  side.  The  inner  incision  is  made 
along  the  lower  two  inches  of  the  innei'  border  (if  the  tibia,  and  then  cai'ried 
downward  and  forward  to  the  projection  of  the  internal  cuneiform  bone  {h, 
Fig.  252).  This  flap  is  likewise  dissected  forsvartl  in  such  a  manner  as  to  ex- 
pose the  tibialis  antieus,  the  tiliialis  posticus,  the  flexor  longus  digitorvun,  and 
the  flexor  longus  poUicis.  These  muscles  are  carefully  isolated,  the  knife  tx'ing 
kept  very  close  to  the  bone  in  order  to  avoid  injury  to  the  posteridr  tibial 
ve.ssels.  The  internal  lateral  ligament  is  now  divided,  and  the  articular  sur- 
faces of  the  tibia  and  astragalus  are  made  to  present  them.selves  in  the  wound 
by  displacing  the  foot  outward.  A  metacarpal  saw  is  next  passed  through  the 
joint  from  the  inner  side,  and  a  slice  of  bone  is  removed — a  slice  just  thick 
enough  to  include  the  cartilage  or  the  eroded  Ijone.  A  similar  slice  is  then  re- 
mo^•ed  from  the  upper  surface  of  the  astragalus  with  a  saw,  and  all  remaining 
articular  cartilage  is  dissected  away  with  a  knife.  In  some  cases — as,  for  ex- 
ample, those  of  necrosis  of  the  astragalus,  or  cases  of  bad  fractm-e  of  the  astrag- 
alus— this  bone  is  entirely  removed.  All  bleeding  points  are  secured,  the 
wounds  ai-e  drained  and  dressed  without  suture:  and  the  foot  is  put  up  at 
right  angles  to  the  leg  in  a  position  midway  between  abduction  and  ad- 
duction, and  securely  immobilized.  ^laintenance  of  this  accurate  position  is 
quite  essential  to  a  good  functional  res'ilt.  Chromicized-catgut  sutures,  care- 
fully placed  in  the  soft  tissues,  ^\^ll  aid  greatly  in  maintaining  the  po.sition  of 
the  bones  until  the  splint  is  applied. 

A  very  satisfactory  innnobilization  can  l:)e  maintained  by  a  plaster-of-Paris 
splint  made  as  follows:  An  ordinary  plaster-of-Paris  bandage,  four  inches 
wide,  is  rolled  out  on  a  table  in  superimjjosed  layers,  to  make  a  strip  that  will 
extend  from  the  middle  of  the  thigh,  along  the  posterior  surface  of  the  leg, 
over  the  heel,  and  at  least  one  inch  beyond  the  toes.  The  strength  of  this 
strip  will  depend  upon  the  number  of  layers  that  ha\e  been  superimposed, 
and  it  may  be  reinforced  by  a  piece  of  hoop  iron,  thiee-fourths  of  an  inch  wide. 
A  similar  strip,  three  inches  wide,  is  placed  upon  the  anterior  siuface  of  the 
extremity,  and  the  two  are  held  in  accurate  position  and  moulded  to  the  liml). 
A  splint  of  this  variety  has  two  advantages — (1)  it  is  readily  available,  and 
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(2)  both  wounds  can  he  dressed  from  the  sides  without  disturbing  in  the  least 
the  immobilization  of  the  parts.     It  will  l)e  of  advantage  in  dressing  the  wovmds 


Fic.  2.51. — Excision  of  tlie  .\nkle  Joint  and   tlie  Os  Calcis.     <i,  Outer  incision  in  resection  of  tliR 
ankle  by  two  lateral  incisions;  c,  excision  of  os  calcis. 

to  nari-ow  these  jilaster  strips  at  the  ankle  by  cutting  out  scallops  on  each  sidi'. 
Particular  care  should  be  taken,  at  the  lime  of  the  primaiy  dressing,  to  apply 
the  gauze  pads  to  the  wound  in  such  way  that  they  can  be  removed  without 


Fio.  2.12. — ICxi-ision    of     the    Ankle    Joint,     ail,  T.ansenbeck's    inner    incision;    6.   inner  incision 
in  the  operation  of  excision  by  two  lateral  incisions. 


disturliing  the  splint  or  altering  the  jiosition  of  the  bones.     Continued  immo- 
liilization  is.  in  reality,  the  most  important  factor  in  the  after-treatment.     It 
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will  (il'teii  add  greatly  to  the  coiufdrt  nf  llic  patient  to  swing  the  extremity 
I'loni  above,  as  in  knee  resections.     (See  Fig.  245.) 

Tlio  ])erio(!  of  drainage  in  sucli  a  wound  will  vary  from  forty-eight  liours  to 
one  week,  aeeording  to  the  coiulitions  for  which  the  operation  was  jierformed. 

Immobilization  should  be  continued  for  six  weeks.  Dining  this  period  the 
])atient  may  be  allowed  to  go  about  on  crutches;  and,  after  two  or  tln-ee  weeks, 
the  foot  should  l)e  freiiuently  removed  from  tlie  sjilint,  soaked  for  a  period  of 
two  hours  in  hot  salt  solution,  and  then  replaced  in  the  original  si)lint.  A  firm 
nearthrosis,  with  very  slight  motion,  gives  the  most  desirable  result;  yet  a  firm 
ankylosis  is  almost  as  useful,  since  the  tarsal  articulations  accjuire  an  increased 
lange  of  mobility,  which  aids  materially  in  the  gait.     It  is,  therefore,  unwise  to 


Fig.  2.53. — Rcsrctiun   of    the    .\nkle  Joint,     b.  Langenlieok's  outer  incision;  aa',  Vogt's   incision 

for  excision  of  tlie  astragalus. 


make  special  efforts  to  obtain  motion.  The  iiece.ssary  solidity  is  usually  at- 
tained when  the  operation  is  done  subperiosteally.  In  resecting  the  bone 
ends  a  broad  fiat  chi.sel  or  an  osteotome  is  often,  if  not  usually,  preferable  to 
the  saw. 

The  operation  just  described  is  a  modification  of  Langenbeck's  method. 
The  incisions  used  by  this  authority  are  shown  in  Figs.  252  and  253.  In  sup- 
puration of  the  ankle  joint,  a  partial  excLsion  may  become  necessary  in  order 
to  secure  good  drainage.  A  part  of  the  malleoli  may  be  removed  subperios- 
teally through  posterior  incisions,  as  has  been  suggested  by  Oilier;  or  the  as- 
tragalus, or  a  part  of  the  same,  may  be  removed,  instead  of  the  malleoli.  As  has 
already  been  stated,  the  modern  surgery  of  joints  tends  strongly  to  the  con- 
servative atypical  excision;  and  in  the  ankle,  as  elsewhere,  the  surgeon  more 
frequently  adapts  the  operation  to  the  case  in  hand  than  the  case  to  a  typical 
excision. 
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Excision  by  Anterior  Transverse  Incision. — For  tuberculosis  of  the  ankle 
joint,  excision  by  a  trans^•erse  incision  is  \-ery  much  to  be  preferred,  since  other 
nietliods  do  not  expose  the  remote  recesses  of  the  joint  as  full}-  as  is  essen- 
tial to  a  careful  and  complete  dissection.  This  fact  will  doubtless  explain  in 
a  measure  the  ill-favor  which  attaches  to  the  operation  of  excision  for  tulxM- 
culosis.  The  operation  was  devised  by  Heyfelder  and  Sedillot,  and  revived  by 
Hueter,  and  is  now  ]iractised  by  many. 

Tlie  Operation. — The  incision  is  made  directly  across  the  anterior  surface 
of  the  ankle  from  one  malleolus  to  the  other,  and  should  divide  the  skin,  super- 
ficial fascia,  antl  the  tendon  sheaths  along  its  entire  course.  (Fig.  254.)  Ex- 
ternally, the  peroneal  arteries  and  the 
tendons  of  the  peroneal  muscles  should  l)e 
dra\\Ti  to  one  side.  Internally,  the  poste- 
rior tiliial  artery  ancl  nerve  should  be  pro- 
tected. Ivach  remaining  tendon  on  the 
dorsum  is  then  lifted  up  in  turn,  fine 
sutures  are  passed  through  them  at  two 
points,  about  one  inch  apart,  antl  each 
suture  is  left  long  and  claniptd.  The 
tendons  are  now  divided  between  these 
sutures,  and  each  suture  serves  as  a  guide 
to  accurate  resuturing.  The  joint  is 
opened  by  completing  the  transverse  in- 
cision, and  the  foot  is  forced  backward 
until  the  sole  rests  upon  the  calf  of  the 
leg.  The  joint  is  now  as  freely  open  as 
are  the  pages  of  a  book,  and  a  sj^stematic 
dissection  of  all  tuberculous  tissue  may  be 
accurately  executed.  This  sharp-knife  dis- 
.section  is,  in  reality,  the  secret  of  success 

in  the  operation;  and  every  operator  should  adopt  a  sort  of  system  in  cover- 
ing the  synovial  membrane,  and  should  dissect  carefully  as  he  goes,  in  order 
that  no  diseased  tissue  shall  be  left.  An  attempt  to  curette  the  disease  here 
and  there,  until  it  has  all  been  removed,  usually  results  in  leaving  some  diseased 
tissue,  ^\^lcn  the  joint  has  been  freely  opened,  the  decision  can  be  promptly 
made  as  to  whether  an  excision  or  an  erasion  should  be  done.  If  the  bones 
are  diseased,  they  should  be  sawed  off  in  the  usual  manner.  If  the  articular 
surfaces  of  the  tibia  and  fibula  are  uninvolved,  they  should  be  left,  since 
lateral  support  of  the  malleoli  adds  greatly  to  the  stability  of  the  limb. 

The  inferior  tihio-fibular  joint  is  of  particular  importance  hi  tuberculosis,  and 
a  |)roper  separation  of  these  bones  should  be  secured,  in  order  to  make  certain 
that  no  diseased  synovial  membrane  is  left.     The  astragalus  is  frecjuently  in- 


FiG.  2.54. — Excision  or  Erasion  of  the 
Ankle  Joint  by  a  Transverse  Anterior  In- 
cision. 
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Y()l\-('(1,  and  tlie  calc-aiico-astraguloid  j<iiiit  is  ol'tcii  the  scut  of  infection.  In 
not  a  few  casos  it  becomes  necessaiy  to  excise  tlie  astragalus;  and  if  there 
.siiould  he  any  ([uestion  as  to  tlir  condition  of  this  hone,  it  siiould  l)e  eitlier 
excised,  or  tuberculous  material  should  i)e  cut  out  Ijy  sharp  dissection,  and  the 
CAvity  filled  with  von  Mosetig-Moorhof's  iodoform  plugging  material.  Wlien  the 
dissection  has  been  com])leted,  the  joint  should  he  thoi'oughly  ino])])ed  with  pure 
carl inlic  acid,  which  is  to  he  left  in  conta(^t  for  about  one  minute;  then  alcohol 
should  be  applied  freely.  Tiic  louiiii(iuet  is  now  removed,  all  bleeding  points 
are  secured,  and  the  joint  is  closed,  with  proper  provision  for  drainage.  The 
capsule  is  accurately  sutured  with  chromicized  catgut,  each  tendon  in  turn  is 
sutm-ed,  and  the  tendon  sheaths  are  closed  with  very  fine,  plain  catgut  sutures. 
The  .superficial  fascia  and  skin  are  then  sutured,  the  latter  with  silkworm  gut; 
the  foot  is  carefully  dressed;  and  an  elficient  plaster-of-Paris  splint  is  applied. 

This  operation  will  save  many  patients  from  the  necessity  of  an  amputa- 
tion; and  the  results  are  most  satisfactory,  l;)oth  as  regards  function  and  as 
regards  a  cure  of  the  tuberculous  trouble.  Tlu'  free  ex])osure  of  the  joint 
insures  complete  removal  of  all  tuljerculous  trouble.  The  ankylo.sis  which 
follows  is  compensated  for  liy  the  tarso-metatai'sal  joint ;  and  the  anterior 
tendons  which  have  been  divided  return  to  their  normal  function. 

It  is  not  always  possible  to  determine,  before  operation,  the  full  extent  of 
a  tuberculous  lesion  in  the  ankle,  and,  as  has  already  been  stated,  an  involve- 
ment of  many  tarsal  bones  may  make  resection  tiuite  undesirable.  Amputa- 
tion at  the  junction  of  the  middle  and  lower  thirds  of  the  leg  then  becomes 
necessary.  The  transverse  incision  jxissesses  the  great  ad\antage  that  it  gives 
information,  at  the  very  outset  of  the  operation,  as  to  tarsal  in\-olvement,  and 
consc<iuently  very  little   time  is  lost  in  applying   the  alternative  operation. 

Many  other  operations  have  been  devised  which  are  api)licable  in  tubercu- 
lous disease  of  the  ankle. 

Kocher  operates  through  an  outer  curved  incision,  made  along  the  posterior 
border  of  the  lower  four  or  five  inches  of  the  fibula  and  carried  forward  under 
the  malleolus,  at  the  level  of  the  calcaneo-astragaloid  joint,  to  the  point  of 
insertion  of  the  peroneus  tertius.  The  sheaths  of  the  i)eronei  are  exposed  and 
opened  lengthwise.  The  external  malleolus  is  expcsed  by  subperiosteal  dis- 
section, and  the  joint  is  opened  in  front.  The  outer  siu'face  of  the  astragalus 
is  exposed;  the  periosteum  and  capsule  are  .separated  from  the  tibia  in  front 
and  behind,  and  the  articular  surfaces  are  turned  out  and  chiselled  away. 

Ollier's  incision  for  resection  is  shown  at  a,  in  Fig.  255. 

Vogt  uses  a  long  anterior  and  a  transverse  lateral  incision  similar  to  that 
of  Oilier,  and  recommends  remo\'al  of  the  astragalus  in  all  cases. 

Results. — In  the  non-tuberculous  cases,  and  particularly  after  subperios- 
teal resection,  repair  is  usually  rapid,  and  early  usefulness  of  the  foot  is  the 
rule.     The  malleoli    will    be  reproduced.     The  .shortening  will  depend  upon 
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the  amount  of  bone  removed  and  can  be  readily  overcome  by  wearing  a  thick 
sole  on  the  shoe.  As  stated  above,  a  firm  nearthrosis  with  some  motion  fur- 
nishes the  most  satisfactory  result;  yet  firm  ankylosis  is  almost  equally  satis- 
factory, since  a  compensatory  increase  in  the  range  of  motion  in  the  tarsus 
usually  gives  an  easy  gait. 

In  tuberculous  disease  the  results  are  especially  good,  both  as  to  cure  and 
as  to  function,  when  the  operation  is  |)erformed  caily  in  children  and  in  young 
persons.  In  adults  the  results  should  l)e  equally  good  if  the  cases  are  properly 
selected  and  if  the  dissection  is  carefully  made. 

Osteoplastic  Resection  of  the  Tarsus  by  the  Wladimirofl-Mikulicz  Method. 
— This  oijeratiou  is  of  value  in  extensive  gunshot  wounds  of  the  heel;  in  luiia- 
lytic  talipes,  where  it  is  desirable  to  fix  the  ankle  and  lengthen  the  leg;  and  in 


Fig.  2.J.5. — Excision  of  Os  Calcis  and  Fir^t  Metatarsal  Bone,     a,  Oliipr's  inner  incision  for  excision 
of  the  OS  calcis;  b,  excision  of  metatarsal  bone  of  great  toe. 


all  cases  of  tuberculous  disease  of  the  ankle  and  tarsus  associated  with  exten- 
.sive  ulceration  of  the  heel.  A  tians\eise  plantar  incision  is  made  from  the 
inner  side,  in  front  of  the  tuberosity  of  the  .scaphoid,  to  a  corres])onding  point 
on  the  outer  side  of  the  foot,  just  behind  the  base  of  the  fifth  metatarsal. 
(Figs.  256  and  257.)  This  incision  is  carried  down  to  the  bone.  A  second 
transverse  incision  divides  the  tendo  Achillis  at  a  point  slightly  above  the  ankle 
joint.  Tlie  ends  of  these  two  incisions  are  now  connected  on  either  side  of  the 
foot  by  incisions  carried  down  to  the  bone.  The  foot  Is  next  flexed  sharply, 
the  ankle  joint  is  opened  from  behind,  the  lateral  ligaments  are  divided,  and 
the  OS  calcis  and  the  astragalus  are  removed,  together  with  the  soft  parts 
of  the  heel.  A  layer  of  bone  is  now  sawed  from  the  exposed  extremity  of  the 
tibia  and  fibula  (including  the  malleoli)  and  also  from  the  exposed  surface  of 
the  cuboid  and  scaphoid.     Tlie  posterior  tibial  and  external  and  internal  plan- 
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tar  arteries  are  ligated,  and  the  flexor  tendons  are  divided,  in  order  that  tlie 
toes  may  be  extended  at  right  angles  to  the  dorsum.     The  sawed  surfaces  are 


Fig.  256. — Wladimirow-Mikulicz's  Osteoplastic  Resection   of  the  Tarsus,      aa,    Incision    tlirougli 
the  soft  parts;  b,  b,  saw-lines  for  division  of  the  bone. 


brought  together  witli  chromicized  catgut  sutures,  and  the  wound  in  the  soft 
tissues  is  carefully  closed.     The  extremity  is  then  encased  in  a  plaster-of-Paris 

splint  anil  maintained  in  this  position  until  healing  is 
complete. 

Results. — Kohlhaas  has  collected  a  total  of  73 
cases,  and  of  this  number  56  could  stand  and  walk 
well. 

Bryant  states  that  in  19  operations,  13  of  which 
were  for  tuberculous  caries,  2  of  the  patients  died  of 
general  tuberculosis  eight  months  later;  12  made  a 
good  recovery  and  walked  with  more  or  less  ease; 
and  5  experienced  no  benefit,  3  of  them  requiring 
subsequent  amputation.  He  also  states  that  the  pres- 
ent high  degree  of  usefulness  and  comfort  which  may 
be  secured  by  j^rosthetic  appliances  lessens  decidedly 
the  utility  of  such  methods  of  practice. 

Excision  of  the  Astragalus. — Excision  of  the  as- 
tragalus alone  is  performed  most  frequently  for  an 
injury,  such  as  a  bad  fracture  (Fig.  258);  for  an  irre- 
ducible dislocation  of  the  bone  forward;  or  for  an 
irreducible  dislocation  of  the  tibia  and  fibula  forward. 
The  operation  may  also  be  necessary  for  tahpes,  for 
caries  of  this  bone  alone,  or  as  a  part  of  the  operation  for  tuberculous  disease 
of  the  ankle.  The  operation  is  best  made  through  a  combination  of  an  outer 
and  an  inner  incision — the  outer  in  the  manner  suggested  by  ^^ogt  (Fig.  253), 


Fig.  257.  —  Wladimirow- 
Mikulicz's  Osteoplastic  Re- 
section. Showing  position  of 
the  foot  after  operation. 
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the  inner  in  tliat  suggested  1)}'  Oilier  (a,  Fig.  246).  The  outer  incision  begins 
in  front  of  the  external  malleolus  slightly  above  the  ankle  joint,  extends  down- 
ward and  forward  in  a  curved  direction,  and  terminates  at  the  base  of  the 
fourth  metatarsal  bone.  The  second  incision  extends  .downward  antl  back- 
ward below  the  tip  of  the  malleolus.  The  longitudinal  incision  is  carried  down 
between  the  tendons  to  the  bone  and  opens  both  the  ankle  and  astragal o- 
scaphoid  joints.  The  anterior  ligamentous  attachments  to  the  tibia  and  fibula, 
to  the  scaphoitl,  and  to  the  os  calcis  are  now  tli\-ided  liy  a  knife  or  sharp  chisel: 
the  foot  is  strongly  adducted,  and  the  bone  is  pried  forward  with  a  ])eriosteal 
elevator  in  order  to  expose  the  jiosterior  ligamentous  attachments. 

This  dissection  is  greatly  facilitated  by  a  second  incLsion,  the  inner  incision 
of  (_)llier.  After  the  removal  of  the  astragalus,  the  malleoli  are  jilaced  in  the 
proper  ])(isition  on  the  os  calcis,  and  sutures  are  applied  to  the  soft  tissues. 

The  transverse  incision  reconnnended  for  tuberculosis  of  the  aidcle  will  also 
give  excellent  exposure  and  a  good  result  in  e.xcision  of  the  astragalus. 

Excision  of  the  Os  Calcis.— The  os  calcis  is  frequently  the  scat  of  tubei-- 
culous  and  pyogenic  disease,  and  may  be  extensively  destroyed  by  injury; 
yet  its  double  function  of  giving  attachment  to  the  tendo  Achillis  and  of  fur- 
nishing the  posterior  pillar  of  the  arch  of  the  foot,  makes  excision  of  this  bone 
particularly  undesirable.  Every  effort  should  therefore  be  made  to  save  this 
supjiort.  As  a  rule,  Ijoth  tuberculous  and  ijyogenic  infections  attack  the 
centre  of  the  bone,  leaving  a  substantial  shell,  and  the  author  has  thus  far  been 
able,  in  every  case  treated,  to  avoid  excision.  Results  have  been  particularly 
pleasing  since  the  adoption  of  the  method  of  bone-plugging  with  an  iodoform 
mass,  as  described  by  von  Mosetig-Moorhof  (vide  antea).  By  this  method  a 
cure  of  the  disease  and  a  complete  repair  of  the  defect  may  lie  accomplished 
without  loss  in  the  size  of  the  bone.  This  operation  can  be  performed  througli 
a  short  incision  on  the  outer  surface  of  the  os  calcis. 

The  Operation'. — Wlien  it  is  deemed  wise  to  excise  the  entire  os  calcis,  the 
operation  is  performed  in  the  following  manner :  The  foot  is  placed  on  its  inner 
side  on  a  sand  bag,  an  incision  extending  down  to  the  bone  is  begun  at  a  point 
midway  between  the  outer  malleolus  and  the  base  of  the  fifth  metatarsal  bone, 
is  carried  backward  in  a  direction  parallel  to  the  sole,  and  terminates  at  the 
inner  border  of  the  tendo  Achillis.  (Fig.  251.)  Care  should  be  taken  not 
to  injure  the  structures  behind  the  inner  malleolus.  A  second  short  incision 
may  be  made  upward  through  the  middle  of  the  tendo  Achillis.  The  plantar 
flap  is  dissected  downward,  the  peroneal  tendons  are  dissected  out  and  held 
to  one  side,  and  the  calcaneo-cuboid  joint  is  opened.  The  astragalo-cal- 
canean  joint  presents  the  main  difficulties  of  the  operation.  This  is  opened 
from  behind;  then  the  b(jne  is  seized  with  a  lion-jaw  forceps  and  wrenched 
strongly  backward  and  outward,  to  give  room  for  the  blade  of  the  knife  or 
chisel,  which  divides  its  strong  fibrous  attachments  to  the  astragalus.  The 
vol..  IV.— 30 
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vessels  on  tlic  iimci'  >\i\v  slioiild  lie  Inokcd  after  with  spofial  rare  (luring  the 
remainder  of  the  dissection.  When  possible,  tlie  operation  should  lie  done 
subperiosteiilly.  The  wound  is  draineil  and  closed  in  the  usual  way.  Bryant 
states  that  alxnit  sixty-five  per  cent  of  these  jiatients  recover  with  useful  limbs. 
Excision  of  the  Metatarso-phalangealJoint  of  the  Great  Toe. — This  ojiera- 
tion  finds  frequent  a]iphca,tion  in  botli  disease  and  injury  of  this  joint,  and 
])articulariy  in  liallux  ^•algus  with  secondaiy  bunion.  In  the  latter  condition, 
exci.sion  furnishes  the  only  satisfactory  treatment.  Amputation  of  the  toe 
and  excision  of  the  bony  jirominences  on  the  inner  side  of  the  head  of  the  meta- 
tarsal bone  ha^-e  l)oth  been  tried,  liut  recurrence  is  very  likely  to  follow. 


Fio.  2.58. — Fracture  of  A.stragalus,  Sliowing  Fragments  at  a  ami  b,  as  well  as  Marlced  Posterior 
Displacement  Backward  of  Bones  of  Leg. 

The  Oper.\tion. — A  longitudinal  incision,  two  indies  in  length,  is  made 
along  the  inner  side  of  the  foot,  exposing  the  articulation  (b,  Fig.  259).  If  a 
false  bur.sa  is  present,  this  .siiould  be  accurately  dissected  away  before  the 
joint  is  opened.  The  joint  is  now  opened,  and  the  iiead  of  the  metatarsal 
bone,  including  the  exostosis,  is  exjrosed  subixMiosteally.  When  this  has 
been  done,  it  will  be  found  that  the  toe  can  be  easily  turned  outward,  and  the 
head  of  the  metatarsal  freely  exposed  in  tiie  wound.  A  small  metacarpal  saw 
is  now  introduced,  and  the  head  of  the  bone  is  sawed  off  just  behind  the 
point  of  enlargement  or  (in  the  absence  of  enlargement)  just  behind  the 
articular  surface.  (Fig.  259,  a.)  The  sharp  borders  and  any  irregularities  or 
additional  exostoses  are  now  ])inched  off  with  a  rongeur,  and  the  joint  is  care- 
fully sponged.  \Anien  the  articulai-  surface  of  the  first  phalanx  is  not  dis- 
eased, it  should  l)e  left,  since  a  better  result  is  thereby  obtained.     Drainage  is 
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provided  for  the  joint,  and  the  ligaments  are  united  witli  eatgut ;  the  skin 
flaps  are  sutured  witli  silkworm  gut:  and  a  splint  is  carefully  applied.  The 
dressing  and  the  splint  should  be  applied  in  such  way  that  the  toe  shall 
be  in  line  ^vith  the  metatarsal,  or  slightly  adducted,  and  its  tip  slightl}-  ele- 
vated. Passive  motion  should  be  used  at  the  end  of  two  or  three  weeks, 
and  the  patient  may  l)e  allowed  to  use  the  foot  in  one  month.     A  jiad  of  cotton 


Fig.  2.50. — Exci-sion  of  tlie  Metatarso-pyial.inpcal  Articulation  of  the  Great  Toe.    a.  Line  of  bone 

section;  b,  skin  incision. 


between  the  great  and  the  second  toes  will  prevent  any  tendency  to  a  recur- 
rence of  the  hallux  valgus.  The  functional  results  are  excellent  after  this  oper- 
ation, l)oth  when  done  for  deformity  and  when  employed  for  the  relief  of 
suppuration. 

The  operation  foj-  the  excision  of  other  metatarso-phalangeal  joints  is  almost 
identical  with  that  described  for  the  great  toe.  The  dorsal  tendons  are  readily 
pushed  aside,  and  the  difficulties  arising  from  the  deep  location  of  the  bone 
are  overcome  by  the  use  of  the  Gigli-Haertel  saw. 


LIGATURE  OF  ARTERIES  AND  VEINS  IN  THEIR 

CONTINUITY. 


By  JOHX  M.   KEYES,  M.I).,  Xcir  Yorl-  Cilij. 

I.     LIGATURE  OF  ARTERIES  IN  GENERAL. 

Bloop-vessels  are  ligated  at  tlicircut  ends  or  in  their  continuity,  liy  liga- 
ture of  a  lilood-vcssel  in  its  continuity  is  effected,  foi-  some  special  purpose,  the 
arrest  of  tiie  cii'culation  of  the  lilood  in  that  vessel. 

The  ligature  of  arteries  was  known  to  the  ancients,  although  its  use  was  un- 
conmioii.  Celsus  described  it  in  the  Hrst  century,  Galen  in  the  second,  Antyllus 
in  the  fourth,  Aetius  in  the  fifth,  and  Rhazes  in  the  tenth.  But  to  Ambroise 
Pare  belongs  the  credit  of  establishing  the  universal  use  of  the  ligatiu'e.  Fare's 
writings  on  this  subject  appeared  in  l.")()4,  and  he  is  rightfully  styled  the  "  Father 
of  the  Ligature."  This  important  surgical  proceeding  was  slowly  accejited 
and  the  method  known  as  the  mediate  ligature  was  employed.  By  this  method 
the  tissues  surrounding  the  artery  were  included,  and  usuall}'  an  accompanj'ing 
vein  or  nerve  was  embraced.  Deschamps,  in  1707,  insisted  that  the  vessel 
should  be  definitely  separated  from  all  surrovmding  tissues.  This  con.stitutes 
the  immediate  methotl  commonly  practised  to-da}\  Antyllus,  in  the  year 
340  A.D.,  operated  on  aneurisms  by  ligating  the  artery  above  and  below  the 
tumor.  Anel,  in  1710,  ligated  the  lirachial  artery  for  traumatic  aneurism  in 
the  bend  of  the  elbow,  passing  the  needle  close  to  the  proximal  en<l  of  the  tumor. 
John  Hunter,  in  1775,  after  careful  expei'iments,  ligateil  the  femoral  artery  at 
some  distance  from  the  proximal  side  of  a  popliteal  aneurism.  Hunter's  method 
proved  revolutionary  in  the  treatment  of  aneui-ism.  Brasdor,  in  1790,  suggested 
the  distal  ligature  method  for  the  cui'e  of  aneurism.  In  1798  Deschamps  applied 
this  method  of  ligature  to  the  femoral  artery  for  the  cure  of  an  aneurism  of  the 
femoral  artery.  The  case  ended  fatall}'.  Shortly  afterward  it  was  jx-rformctl 
by  Sir  Astley  Cooper  for  aneurism  of  the  external  iliac.  The  result  here  was 
also  unsuccessful.  In  182")  ^^'ard^op  first  successfully  i:>erformed  Brasdor's 
operation  in  a  case  of  carotid  aneurism.  In  1822  Wardrop  suggested  the  ligature 
of  one  01-  two  of  the  distal  liranches  of  the  artery,  and  in  1827  he  performed  the 
operation  for  the  first  time  for  the  cure  of  an  aneurism  of  the  innominate  artery, 
ligating  first  the  carotid  and  later  the  tliird  portion  of  the  suljclavian. 
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General  Ixdicatioxs  for  Ligatixg  Arteries. 

The  general  indications  which  call  tor  the  ligature  of  arteries  in  their  con- 
tinuity are  the  following:  The  jH'oper  control  of  the  circulation  in  the  main 
trunk  of  a  vessel  or  from  one  of  its  branches  at  a  distance  from  the  point  ligatetl; 
prospective  hemorrhage  distal  to  the  site  of  an  ojjeration,  as  illustrated  in  liga- 
ture of  the  lingual  artery  in  operations  upon  the  tongue;  and  excessive  Ijlood 
supply  in  ino])eral)le  tumors  and  in  angiomata  and  cii'soid  and  arterio-venous 
aneurisms.  However,  in  cirsoid  and  inoperable  tumors  the  effect  is  more  or 
less  transient. 

In  infected  wounds  complicated  with  hemorrhage,  ligature  of  the  bleeding 
vessel  in  its  continuity  outside  of  the  infected  site  should  be  promptly  done. 

(  IeXKUAL    (  'dXSIDERATIOXS. 

The  strictest  aseptic  precautions  should  be  observed.  The  patient  should  be 
placed  on  a  tal)le  of  convenient  height,  and  the  jiart  containing  the-  vessel  to  be 
operated  on  shoidd  lie  so  placed  as  to  render  the  vessel  to  be  ligated  easy  of 
access.  It  is  usual  for  the  surgeon  to  stand  at  the  side  of  the  body  to  be  operated 
on,  and  to  make  the  incisions  from  above  downward  when  operating  on  the 
right  sitle,  and  from  below  upward  when  operating  on  the  left  side.  The  assist- 
ant usuallj'  stands  at  the  side  opposite  to  the  surgeon,  where  he  can  keep  the 
jiarts  free  from  blood  as  "xjiosed  and  the  edges  of  the  wounil  retracted  when 
necessary. 

The  following  instruments  are  required  in  ligating  arteries  in  their  continuity: 
heavy  and  light  scalpels,  ha?mostatic  forceps,  dissecting  and  toothed  forceps, 
tenacula,  wound  hooks,  retractors  of  various  sizes  and  shapes  (Fig.  261),  sharp- 
jjointed  and  blunt  scissors  both  straight  and  curved,  straight  and  laterally  curved 
aneurismal  needles  (Figs.  264  and  265),  a  ligature-carrier,  means  of  illuminating 
deep  wounds,  straight,  curvc^d,  and  Hagedorn  needles,  a  needle  holder,  and  suture 
material — catgut  plain,  iodized,  and  chromicized.  Kangaroo  tendon,  because  of 
its  reliability  and  thickness,  is  useful  in  tying  the  large  blood-vessels.  Ballance 
and  Edmunds  have  reported  excellent  results  from  the  use  of  goldbeaters'  skin, 
which  is  prepared  from  the  peritoneum  of  an  ox.  Senn  has  recently  recommended 
the  use  of  narwhal,  walrus,  and  whale  tendons,  claiming  for  them  ready  sterili- 
zation, reliability,  and  unusual  length  of  strand.  Ox  aorta  is  occasionally  em- 
ployed. Silk,  plain,  and  silk  floss  have  their  devoted  adherents.  Some  surgeons, 
especially  the  Germans,  use  silk  exclusively. 

Guides  ior  Ixcisiox  axd  Locatixg  Arteries. 

Linear,  muscular,  and  bony  contiguous  anatomical  i^arts  are  useful  guides, 
as  are  also  the  pulsations  of  arteries  and  the  color  of  the  vessels. 
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T/moar  guides  an'  surface  linos  that  run  between  imlicateil  ])oints  and  that 
denote  the  established  courses  of  blood-vessels. 

Muscular  guides  are  the  muscles  themselves  or  theii'  prominent  boi'ders 
which  l)ear  definite  relations  to  the  courses  of  the  ai'teries.  Due  care  must  Im^ 
exercised  to  determine  whether  the  nmscles  used  as  guides  are  overdeveloped 
and  also  whether  they  have  broader  origins  or  insertions  than  is  usual. 

Bony  guides  are  certain  bony  j)rominences  which  bear  characteristic  relations 
to  the  vessels. 

Contiguous  anatomical  guides  are  the  known  relations  that  surrounding 
tissues  bear  to  blood-vessels;  as,  e.g.,  ner\'es,  muscles,  tendons,  sheaths  of  vessels, 
etc. 

The  pulsation  of  an  artery  is  a  lelialile  guide,  but  due  care  should  be  used 
to  ascertain  that  the  pulsation  is  not  transmitted  from  some  contiguous  artery 
by  intervening  tissues.  Pulsation  is  not  available  as  a  guide  in  cases  in  which 
preliminary  control  of  the  circulation  is  used  to  make  the  field  of  operation 
bloodless.  Such  operations  are  done  in  the  limbs,  as  a  rule.  In  the  preparation 
for  applying  a  ligature  the  limb  is  elevated,  the  soft  parts  are  kneaded  toward 
the  body,  and  an  Esmarch  tourniciuet  is  applied  proximal  to  the  site  of  ligatiu'o. 
The  clearer  field  obtained  by  exsanguination  compensates  somewhat  for  the 
loss  of  pulsation  as  a  guide. 

Finally,  the  color  of  the  vessels  aids,  the  arteiies  often  being  white  or  pinkish 
in  appearance,  and  the  veins  pvn-plish. 

Steps  of  the  Operation'. 

The  initial  incision  is  usually  made  in  the  line  of  the  vessel  by  inserting 
the  jioint  of  the  knife  Cjuite  at  right  angles;  then,  with  the  knife  slanting,  the 
incision  is  made  the  recjuired  length,  after  which  it  is  withdrawn,  with  the  point 


Fig.  260. — Incision  of  the  Skin  in  the  Operation  of  Ligaturing  the  RaJial  .\rtery.  {.\fter  Fara- 
beuf.)  With  his  left  liand  tlie  operator  fixes  tlie  skin  of  tlie  patient's  forearm,  while  at  the  same 
time  lie  presses  firmly  with  the  index  finger  over  the  course  of  the  artery  at  the  point  where  he  wishes 
to  begin  liis  incision.      Note  the  m.anner  of  hokling  the  knife  with  the  fingers  of  the  right  hand. 

as  at  the  beginning  of  the  cut.  (Fig.  260.)  The  primary  incision  will  thus  be  of 
uniform  depth  throughout.  The  centre  of  the  incision  should  correspond  to  the 
part  of  the  vessel  where  the  ligature  is  to  be  applied.  The  deep  fascia  or  aponeu- 
rosis is  then  divided  throughout  a  shorter  extent  than  is  the  skin,  exposing  the 
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Fig.   2B1. — larabeuf's 
Retractor. 


muscles  or  tendons  beneath.  The  incisions  shoulcl  be  clearly  made  and  of  suffi- 
cient length  to  afford  a  free  field  for  further  steps:  and,  wlien  the  vessel  which 
is  to  be  ligatured  lies  at  some  depth  from  the  surface,  the  use  of  retractors  (Fig. 
2QI)  will  be  required  for  keeping  the  edges  of  the  wound  widely  separated.  A  gap 
between  the  muscles  is  then  sought,  ami  if  it  is  occupied 
by  fat  we  have  what  is  known  us  the  yellow  iiiu',  if  it  is 
occupied  by  thickened  fascia  we  have  the  so-called  white 
line,  to  follow.  At  places  we  find  an  intermuscular  ar- 
tery. The  intermuscular  space  is  then  freely  divided  in 
the  direction  of  the  other  incisions  but  to  a  lesser  extent, 
the  separation  being  advanced  either  with  the  handle  of 
the  scalpel  or  with  the  finger.  The  incisions  and  separa- 
tion, subsequently  to  the  initial  skin  incision,  should  be 
made  shorter  and  shorter  through  each  succeeding  tissue, 
so  that  the  incision  through  the  sheath  of  the  artery  rep- 
resents the  apex  of  an  inverted  triangle.  The  woiuid  shoidd 
be  kept  as  free  from  blood  as  practicable  and  widely  re- 
tracted, though  at  this  stage  it  is  of  advantage  to  relax  the 
parts,  so  as  to  be  the  better  able  to  locate  the  vessels. 
The  fingers  are  of  great  aid  in  differentiating  the  vessels. 
The  arteries  feel  firmer  than  the  veins,  are  more  resilient,  and  when  compressed 
they  feel  hollowed  out,  having  margins  thicker  than  the  centre.  The  veins  are 
soft  and  yielding,  with  thin  walls,  and  when  compressed  they  swell  out  at 
their  di.stal  ends.  The  nerves  are  hard,  round,  inelastic;  they  are  of  even  con- 
tour and  are  made  uji  of  bundles  parallel  to  the  vessel  and  occupying  more  or  less 
definite  relations  to  it. 

The  smaller  arteries  are  usually  accompanied  by  two  veins,  known  as  the 
vemt  comites.  The  larger  arteries,  such  as  the  carotid,  iliac,  femoral,  popliteal, 
etc.,  have  but  one  vein,  which  vein  bears  a  tlefinite  relation  to  the  artery.  The 
vena>  comites  are  usually  located  one  on  each  side  of  an  artery,  antl  they  com- 
municate freely,  behind  and  in  front  of  the  artery,  with  each  other.  Also  there 
may  be  three  or  more  veins  accompanying  an  artery,  in  which  case  they  are 
called  "satellite  veins."  When  there  are  three  veins,  the  third  one  is  usually  in 
front  of  the  artery.  In  the  space  between  the  tibialis  anticus  and  the  extensor 
communis  digitorum  muscles,  where  the  intermuscular  gap  is  antero-posterior, 
the  artery  is  sometimes  found  with  the  veins  before  and  behind  it. 

When  the  artery  has  been  located,  its  sheath,  or  the  thickened  tissue  sur- 
rounding it,  is  picked  up  by  finely  toothed  forceps,  and  after  one  has  ascertained  that 
it  is  free  from  vessels  and  nerves  it  is  openetl.  (Figs.  262  and  263.)  The  sheath, 
or  thickened  tissue,  is  usually  lifted  above  the  vessel  by  one  or  two  forceps  and 
divided  longitudinally  in  the  course  of  the  vessel  in  that  part  of  it  which  is  lifted 
above  the  vessel.     The   incision  is   then  completed  by  making   it  only  long 
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enoiifili  to  pt'i'init  tlic  passage  of  the  ligatiiri'  arouml  the  artery.  Before  eutting 
into  tlie  slieath  it  is  well  to  move  it  to  and  fi'o  to  insure  its  being  free  from  attach- 
ments. After  retracting  the  edges  of  the  slieatli  and  carefully  exposing  tliat 
part  of  the  artery  which  is  to  be  ligated,  an  unthreaded,  blunt-pointed,  curved 
aneurisinal  needle  fFigs.  264  and  2(5 ">)   is  passed  around  the  vessel,  aAvay — as 


Fic;.  262. — Laying  Rare  an  Artery  (the  Radial,  for  Example) ;  Fir.st  Step,  after  tlie  Skin  lias  been 
Incised,  {.\fter  Farabeuf. )  Tlie  sheath  of  loose  connective  ti.ssne  surrounding  the  artery  is  picked 
up  with  the  forceps  and  put  slightly  upon  the  stretch;  and  then,  with  the  sharp  point  of  the  bistoury, 
a  small  longitudinal  opening  is  made  in  this  stretched  tissue. 

a  I'ule — from  the  accompanying  vessel,  care  being  observed  that  no  vein  or 
nerve  is  included.  The  end  of  the  needle  appearing  at  the  opposite  side  of  the 
artery  is  threaded  and  withdrawn,  leaving  the  ligature  in  situ.  Some  prefer  to 
pass  the  needle  threaded  and  then  to  withdraw  it,  leaving  the  ligature  in  place. 
It  may  be  necessary  to  pass  the  needle  toward  the  vein.    When  the  ligature  is 


Fig,  263. — Laying  Bare  an  Artery :  Second  Step,  (.\fter  Farabeuf.)  The  surgeon,  continuing  to 
hold  one  edge  of  the  opening  in  the  sheath  on  the  stretch  by  means  of  the  forceps,  introduces  into  the 
opening  the  beak  of  a  grooved  director. 

In  the  third  step,  which  it  is  unnecessary  to  illustrate,  the  surgeon  passes  the  director  beneath 
the  artery,  and  gradually,  by  a  to-and-fro  movement,  separates  the  wall  of  the  vessel  from  the  surround- 
ing sheath  of  connective  tissue  throughout  the  desired  extent.  The  passing  of  the  curved  end  of  the 
artery  needle  along  the  groove  of  the  director,  the  setting  frccof  the  ligature  with  which  the  latter  is 
armed,  and  the  withdrawal  of  the  artery  needle  are  steps  which  present  no  difficulties. 

in  place  it  is  tied  with  a  knot  at  right  angles  to  the  long  axis  of  the  artery.  The 
knot  should  be  sufficiently  tight  to  occhule  the  lumen  of  the  vessel.  In  tying 
the  knot  due  care  must  be  exercised  not  to  pull  the  vessel  out  of  its  bed,  and 
this  is  best  accomplished  by  making  the  ends  of  the  index  fingers  (or  the  thumbs, 
as  some  prefer)  meet  over  the  artery,  and  by  having  the  first  pull  of  the  liga- 
ture come  with  the  terminal  knuckles  together,  these  latter  serving  as  the  ful- 
crums  of  the  levers.     (Fig.  266.) 
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The  various  knots  coininoiily  iiscil  are  the  reef,  surgeon's,  and  Ballancc- 
Ethiiunds  knots.     (Figs.  267  and  26S.) 

Most  surgeons,  instead  of  using  tlie  svugeon's  knot,  employ  by  preference  a 
reef  knot,  often  adding  a  third  loop,  which  is  tied  lightly.  This  third  loop  jjre- 
vents  the  ends  from  loosening.  The  ends  of  the  ligature, 
after  the  completion  of  the  knots,  arc  cut  off  about  one-fourth 
of  an  inch  from  the  last  tie. 

The  Ballance-Edmiinds  Stay  Knot  (Fig.  267). — This  knot 
is  used  for  securing  the  larger  vessels,  as  the  innominate,  the 
common  carotid,  and  the  femoral.  For  tliis  iiurjjose  silk 
floss,  heavy  chromicized  catgut,  and  kangaroo  tendon  are 
the  suture  materials  at  ]jresent  used.  The  material  is  ap- 
plied by  placing  around  the  vessel  two  ligatures  parallel  to 
each  other  and  close  together,  and  by 
making  on  eacli  separately  the  first  hitch 
of  a  reef  knot,  which  is  tightened  just 
sufficiently  to  close  the  lumen  of  the  vessel 
without  divitling  the  coats  of  it.  Then  by 
uniting  together  the  ends  of  the  ligature  on 
either  side  the  second  hitch  of  the  reef  knot 
is  made.  By  this  method  we  get  a  broad 
surface  approximation  of  the  walls  of  the 
intima  lending  a  large  surface  for  endo- 
thelial proliferation,  in  consei:|uence  of 
which  firm  vmion  shoukl  take  place. 

Several  other  styles  of  knots  may  be 
used  in  ligating  vessels,  but  for  all  prac- 
tical pvu-poses  the  reef,  surgeon's,  and 
Ballance-Edmunds  knots  suffice. 

The  artery  having  been  ligated,  the 
wound  should  be  thorovighly  dried,  the 
sheath  closed  with  a  fine  continuous  su- 
ture or  with  interrupted  sutures.  The  intermuscular  gap, 
if  required,  is  obliterated  with  buried  catgut  sutures,  and 
the  external  or  superficial  wound  is  closed  by  interrupted 
silkworm  or  catgut  sutures.  It  is  undesirable  to  drain  the 
wounds:  bvit  where  it  cannot  be  avoided,  rubber  tissue  serves 
the  purpose  best. 

The  after-treatment  consists  in  keeping  the  part  operated  on  at  absolute 
rest,  and  in  having  it  warm  and  the  dressings  perfectly  aseptic.  The  arm  when 
operated  on  should  be  outstretched  upon  a  pillow,  and  the  lower  limb  slightly 
raised  on  an  inclined  i)lane.     Operations  on  the  larger  vessels  require  three 


Fig.  264. — Dupuy- 
tren's  .Aneurism- 
Needle  Carrier. 


Fig.   265.  —  Syme'.s 
Ligature  Carrier. 
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weeks  of  compulsory  rest.  The  lower  limbs,  when  operated  on,  recjuire  more 
recumbent  rest  than  do  other  parts  where  vessels  have  been  ligated.  The  limbs 
should  be  wrapped  in  cotton  batting  and  (when  indicated)  kept  warm  with  hot 
bottles. 

COMPTJCATIONS,    AND    CaUSES    OI'    DkaTII    AfTKK    LiGATX'RE. 

The  more  impoitant  consequent  complications  are:  Shock;  secondary  hem- 
orrhage; gangrene  of  a  liml):  and  inflammation  and  suppuration  at  the  seat 
of  ojieration. 

Shock  is  ordinarily  of  slight  degree  ;uul  therefore  of  little  moment,  except 
perhaps  when  associatetl  with  the  ligation  of  a  vessel  supplying  blood  to  an 
important  viscus. 

Secondary  hemorrhage  may  be  due  to  ulceration  around  the  ligature  from 
infection,  especially  if  the  vessel  wall  be  diseased;  to  an  imperfect  clot  depend- 


Fio.  266. — Sliows  the  Proper  Attitude  of  the  Surgeon'.s  Fingers  at  the  Moment  of  Tiglitening  the 
Ligature  which  lias  been  Placed  Around  an  Artery.      (After  Farabeuf. ) 

cnt  on  the  too  close  proximity  of  a  collateral  branch ;  or  to  such  violent  move- 
ments as  those  produced  by  severe  coughing — movements  which  tlisturb  repair 
or  perhaps  dislodge  a  poorly  applietl  ligature. 

Gangrene  is  more  apt  to  occur  in  the  lower  limbs,  where  the  collateral  circu- 
lation is  poorer  than  in  the  upper  extremitj-.  It  may  set  in  within  twenty-four 
hours  or  as  late  as  eight  days  subsequently  to  the  operation. 

Inflammation  and  suppuration  at  the  seat  of  operation  are  due  to  infection, 
incident  to  some  defect  in  the  operative  technique,  and  they  often  lay  the 
foundation  for  secondary  hemorrhage.  In  such  cases,  only  ligation  of  the  vessel 
in  sound  tissue,  at  either  side  of  the  seat  of  hemorrhage,  safely  meets  the  de- 
mands of  a  dangerous  situation.  Religation  in  an  infected  wound  is  not  per- 
missible, as  repeated  hemorrhages,  consetiuent  cxsanguination,  and  even  death 
are  thus  invited.  (For  effects  in  ligation  for  aneurism,  see  the  article  on  Surgery 
of  the  Heart  and  Blood-Vessels,  in  Vol.  VII.) 


LIGATURE   OF   ARTERIES   AND   VEINS. 


475 


Temporary  Control  of  the  Circulation  i\  arteries  by  Ligatlre. 

Temporary  control  is  cniployetl  for  tlio  purjiose  of  rendering  a  field  of  opera- 
tion as  blootUcss  as  possible,  and  also  in  eases  in  which  the  vascularity  of  the  part 
to  be  operated  on  is  so  excessive  as  to  make  hemorrhage  dangerous.  Instances 
of  its  use  exist  in  aminitations  of  limbs,  in  operations  on  the  neck,  in  suturing 


Fig.  267. — The  Ballance-Eilmunds  Stay  Knot,  composed  of  two  separate  strands  or  ligatures  of 
flos.s  silk.      .\t  a  tlie  fir.st  Iiitch  of  the  reef  knot  is  shown,  and  at  b  the  completed  knot. 

wounds  of  blood-vessels,  in  certain  cases  of  Matas'  method  of  endoarterior- 
rhajihy,  etc.  The  steps  in  the  operation,  up  to  the  point  where  the  ligation  has 
to  be  applied,  are  identical  with  those  already  indicated  for  ligature  of  arteries. 
It  is  often  sufficient  to  place  a  looped  piece  of  broad  silk  or  a  blunt  hook  under 
the  artery  and  to  lift  it  U|)  so  that  the  kink  produced  will  occlude  the  lumen  of 
the  vessel.    It  may  become  essential,  in  onler  not  to  block  the  field  of  operation, 


Fig.  26S. — Surgeon's  Knot,      {.\fter  Lejars.) 

temporarily  to  ligatc  the  vessel,  and  this  is  best  done  by  tying  the  vessel  slowly 
and  steadily  with  a  broad  piece  of  tape  so  as  not  to  injure  its  walls.  The  ligature 
is  removed  after  the  necessity  for  its  use  has  ceased,  and  the  further  steps  in 
the  ligation  are  the  same  as  those  governing  ligations  in  general.  A\here  a  loop 
or  a  broad  hook  is  used  to  control  the  circulation  in  the  artery,  it  is  not  necessary 
to  open  the  sheath  of  the  vessel. 
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(For  information  in  rc}i;arcl  to  the  materials  that  are  suitable  for  ligatures,  the 
methods  of  sterilizing  them,  etc.,  the  reader  is  referred  to  Dr.  Moore's  article  in 
Vol.  I.,  p.  724  d  seq.) 

11.  LIGATURE  OF  INDIVIDUAL  ARTERIES. 

The  Innominate  Artery. — Because  of  its  high  resulting  mortalitj',  ligature 
of  this  artery  is  seldom  warranted.  However,  because  of  our  radical  measures 
and  aseptic  technique  the  ])ei-centagc  of  recoveries  is  increasing.  The  artery 
was  first  ligated  in  1818  Iw  Dr.  Valentine  Mott,  of  New  York.  Death  is  usually 
the  result  of  shock,  or  sepsis,  or  secondary  hemorrhage.  Brain  complica- 
tions, however,  may  cause  death.  Out  of  forty-three  cases  reported,  seven  were 
successful.  The  first  successful  case  was  that  of  Hmyth  of  New  Orleans;  the 
patient  lived  ten  years.  In  Burrell's  case,  in  which  the  sterno-clavicular 
articulation  and  the  upper  end  of  the  sternum  were  resected,  the  patient  lived 
one  hundred  and  four  days,  and  then  died  of  coexisting  cardiac  disease.  Curtis' 
patient  at  the  time  of  reporting,  eleven  months  after  operation,  was  still  alive. 
One-third  of  all  cases  done  under  aseptic  techni(iue  terminate  in  recovery. 
Resection  of  a  portion  of  the  sternum,  etc.,  has  added  much  indeed  to  the 
technique  and  security  of  the  operation. 

Surgical  An.\tomy. — It  is  the  largest  branch  given  off  from  tlie  arch  of  the 
aorta.  It  arises  on  a  level  with  the  upper  border  of  the  second  right  costal  carti- 
lage from  the  commencement  of  the  arch  of  the  aorta  in  front  of  the  left  carotid 
artery  and  ascends  obli(iuely  to  the  upper  border  of  the  right  sterno-clavicular 
articulation;  then  it  divides  into  the  right  common  carotid  and  the  right  sul> 
clavian  arteries.  The  length  varies  from  3.8  cm.  to  5  cm.  (one  and  one-half  to 
two  inches). 

Anteriorly,  this  artery  is  in  close  relationship  to  the  manubrium,  the  origin 
of  the  sternohyoid  and  sternothyroid  muscles,  the  remains  of  the  thymus  gland, 
the  left  innominate  and  the  right  inferior  thyroid  veins,  and  occasionally  the 
inferior  cervical  branch  of  the  right  pneumogastric  nerve;  posteriorly,  it  is  in 
contact  with  the  trachea;  on  the  right  side  it  is  in  close  relationship  to  the  right 
innominate  vein,  the  right  pneumogastric  nerve,  and  the  pleura;  and  on  the 
left  side  it  is  bounded  by  the  remains  of  the  thymus  gland,  the  origin  of  the  lelt 
carotid  artery,  the  left  inferior  thyroid  vein,  and  the  trachea. 

As  a  rule  no  branches  are  given  off  from  the  innominate.  Occasionally 
the  thyroidea  ima  or  the  thyroid  (bronchial)  branch  is  found. 

Linear  Guide. — There  is  no  practical  muscular  or  linear  guide  that  indi- 
cates the  course  of  this  vessel.  However,  a  line  drawn  from  the  centre  of  the 
sternum  to  the  right  sterno-clavicular  articulation  indicates  its  course  beneath 
the  sternum.  It  should  not  be  forgotten  that,  in  many  instances;  the  vessel 
bifurcates  below  this  point  and,  more  rarely,  above. 
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Operations.^ — Mott's  method  is  performed  entirely  in  the  soft  parts.  The 
patient's  head  and  chest  being  extended  and  the  face  turned  to  the  left,  tlie 
incision  is  made  along  the  upper  margin  of  the  inner  third  of  the  clavicle  and 
is  carried  as  far  as  the  centre  of  the  episternal  notch.  Then  a  second  incision  is 
made  from  the  inner  end  of  the  first  along  the  anterior  border  of  the  sterno- 
mastoid  muscle.  Both  incisions  divide  the  fascia  and  platysma  as  well  us  the 
skin.  The  triangular  flap  thus  outlined  is  freed  from  its  attachments  and  laid 
back.  Then  the  clavicular  and  sternal  attachments  of  the  sternomastoid  muscle 
are  divided  and  turned  back.  The  fibres  of  the  omohyoid  nuiscle,  whicli  depress 
the  hyoid  Ijone,  are  divided  or  nicked,  thus  allowing  the  muscle  to  retract. 
The  anterior  jugular  and  the  inferior  thyroid  veins  are  divided  between  ligatures. 
The  original  incision  is  carrietl  through  the  deep  cervical  tissues  until  the  sheath 
of  the  common  carotid  artery  is  exposed.  The  sheath  of  this  vessel  is  then 
opened  and  the  artery  followed  downward  vmtil  the  innominate  is  reached.  To 
avoid  the  right  innominate  and  the  inferior  thyroid  veins,  and  the  right  i)neu- 
mogastric  nerve,  care  must  be  exercised,  the  needle  being  passed  from  the  outer 
side.  The  veins  and  nerves  are  retracted  after  blunt  dissection.  ^^  luni  tying 
the  ligature,  one  must  be  careful  not  to  comi^ress  the  right  phrenic  nerve. 

As  the  chief  source  of  danger  is  secondary  hemorrhage,  the  right  common 
and  the  right  vertebral  arteries  should  also  be  ligated.  In  order  to  avoiil  dead 
spaces  where  infection  can  take  i)lace,the  wountl  should  be  as  thoroughly  closed 
as  is  possible  and  the  jxuls  kei)t  in  place  by  pressure. 

Banlenlu'iter's  method  is  especially  adapted  to  cases  in  which  large  aneurisms 
are  to  be  operated  on,  and  when  a  bony  route  is  selected.  A  vertical  incision  is 
made  from  the  lower  bonier  of  the  larynx  well  on  to  the  manubrium  sterni. 
A  transverse  incision  is  made  along  the  upper  surface  of  the  sternum  over  the 
iimer  third  of  l)oth  clavicles.  The  incisions  are  made  through  the  skin,  the  super- 
ficial antl  the  deep  fascias.  The  transverse  cut  should  be  so  made  as  to  divide  the 
sternomastoid,  sternohyoid,  and  the  sternothyroid  muscles.  Then  the  inner 
extremity  of  the  left  clavicle  and  the  first  left  rib  should  be  divided  subperi- 
osteally  alwut  half  an  inch  from  their  sternal  extremities.  For  dividing  the 
bone,  a  Gigli  saw,  a  rongeur,  a  bone-eutting  forceps,  or  a  chisel  may  be  em- 
ployed. The  posterior  surface  of  the  manubrium  having  been  freed  of  its  peri- 
osteum, the  bone  itself  is  divided  subperiosteally  in  a  transverse  direction  about 
one  centimetre  ff  in.)  below  its  superior  border  or  at  its  attachment  to  the 
gladiolus:  then,  after  it  has  been  freed  from  its  attachments,  this  piece  of  bone 
shoukl  be  removed.  The  periosteum  having  next  been  split  in  the  median  line, 
the  inferior  thyroid  vein  is  divided  between  ligatures:  the  left  innominate  vein 
is  retracted  and  depressed,  and  the  right  innominate  vein  is  also  retracted.  The 
ligature  is  passed  around  the  artery,  between  it  and  the  pleura,  care  being 
taken  that  the  pleura  be  not  punctured  and  that  no  nerves  be  includetl.  The 
Ballance-Edmunds  ligature  is  the  best  one  to  use.    The  right  common  carotid 
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and  tlic  right  vertebral  arteries  are  ligat'^l  at  tlie  same  time.     Bardciiiicuer's 
operation  was  reported  in  tlie  Deutsche  me<l.  Worlieitsrlirijt,  1885. 

B.  Far(iuhar  Curtis,  of  New  York,  in  the  Annals  of  Surgery  for  October, 
1901,  rciiorts  using,  for  ligature  of  the  innominate  artery,  a  modification  of  Mil- 
ton's method  of  exposing  the  anterior  mediastinum.  This  method,  as  the  ac- 
companying photograph  (Fig.  2(39)  shows,  leaves  InU  little  disfigurement  and  it 
affords  ready  access  to  the  artery  and  the  \-ein.     As  only  two  cases  in  which  this 


Fig.  269.  —  Photograph  of  Dr.  Curti.s'  Patient.  Showiii-'  Stars  of  Milton'.s  Oppratioii  fur  LiRating 
the  Innominate  Artery.  In  this  operation  tlie  elaviele  is  temporarily  divided.  (Annms  a/  ISiirr/rri/, 
Oct.,  1901.) 


method  was  used  have  thus  far  lieen  I'eiiorted,  its  more  or  less  general  adoption 
will  depend  on  the  results  of  further  exjx'i-ience. 

Operation.  (Figs.  270  and  271.)  A  median  incision  diviiling  the  skin  and 
the  deep  fascia  above,  and  the  periosteum  below,  is  made.  The  incision  runs 
from  the  cricoid  cartilage  of  the  iaiynx  to  the  middle  of  the  sternum.  The 
soft  parts  at  the  base  of  the  neck  are  widely  sej^arated.  The  periosteum  of  the 
manubrium  is  divided  tran.sversely  along  its  upj^er  border,  and  the  periosteum 
and  the  muscles  on  the  posterior  surface  of  it  are  dissected  free  as  far  as  blunt 
periosteal  elevators  and  the  fingers  can  reach.    The  bone  is  divided  through  the 
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vertical  incision  by  an  ordinary  ;;a\v,  cai'i'  l:)cing  taken  to  protect  the  soft  parts 
of  the  neck  and  the  soft  parts  behind  the  sternum  by  the  use  of  flat  metal  strips. 
The  saw  is  directeil  from  below  upwai'd,  and  it  is  managed  in  such  a  manner  as 
to  divide  the  bone  entirely  above,  but  only  ]iarlialiy  below;  at  the  inferior  end 
of  the  incision  it  simply  grooves  the  bone.  A  siiort  chisel  is  tlien  usetl  to  force 
the  thin  layer  of  bone  on  the  pos- 
terior surface  to  give  way.  AVith 
the  skin  well  retracted  a  trans- 
verse incision  is  made  through  tlie 
periosteum  at  the  level  of  the  hrst 
and  second  intercostal  spaces,  and 
then  the  bone  is  divided  obliquely 
outward  from  the  middle  l)y  means 
of  a  chisel.  The  two  halves  are 
strongly  pulled  apart  by  heavy  re- 
tractors, thus  exposing  the  perios- 
teum on  the  posterior  aspect  of  the 
bone.  After  this  membrane  has 
been  incised,  the  two  halves  of 
the  bone  may  be  further  retracted, 
the  gap  thus  created  measuring 
from  one  to  two  inches  in  breadth. 
In  the  median  line  the  muscles  and 
the  deep  fascia  are  divided  (be- 
ginning above)  by  blunt  dissection 
or  by  means  of  forceps  and  scissors, 
thev  are  encountereil 


Fig.  270. — First  Stage  of  Dr.  H.  Farquliar  Curtis' 
OjKTiition  for  Ligature  of  tlie  hinomiiiate  .\rtery. 
Kone  tUvided  and  retracted,  sliowing  the  sternohyoid 
muscle  and  tlie  posterior  periosteum  of  the  manubrium. 
Tlie  trachea  may  be  seen  through  a  small  incision  be- 
tween the  muscles.     (Annals  of  Surgery,  Oct.,  1901.) 


The  veins  are  diviiled  between  ligatures  as 
The  trachea  and  the  great  vessels  at  the  root  of  the 
neck  are  freely  exi^osed.  Finally,  the  innominate  arteiy  shoukl  be  cautiously 
isolated  and  tied  with  doubly  heavy  ligatures.  The  walls  of  the  vessel  may  be 
folded  within  the  loop  of +he  ligature,  so  that  they  may  escape  being  crushed. 
The  ligation  .should  be  broad  and  so  tied  as  not  to  cause  any  uneven  pressure, 
especially  frmn  the  knot. 

In  1859  Dr.  E.  S.  Cooper,  of  San  Francisco,  Cal.,  first  resected  the  upper 
part  of  the  manubrium  and  the  right  sterno-clavicular  articulation  in  order  to 
expose  the  artery.  The  preliminary  steps  are  practically  the  same  as  those 
described  in  the  preceding  operation.  After  tlie  soft  parts  in  front  have  been 
retracted  and  the  large  veins  behind  iiave  been  protected  by  means  of  a  spatula 
placed  posteriorly  to  the  sternum,  the  right  sterno-clavicular  articulation,  the 
sternal  end  of  the  first  rib,  and  the  upper  portion  of  the  manubrium  are  removed. 
The  removal  should  be  accomplished  by  means  of  a  Gigli  saw,  a  chisel,  and  a 
rongeur,  or  by  bone-cutting  forceps.  The  further  steps  in  this  operation  are 
practically  the  same  as  those  in  the  oblicjue  method. 
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Ligation  hy  SplUliiig  the  Mamihrium  Sterni.—ln  tliis  iiicUkkI  tlic  manubrium 
is  divided  l)(>tli  transvorscl_y  and  vertically  witluivit  loss  of  bone. 

Operation.— A  transverse  incision,  curving  downward  at  its  central  por- 
tion, should  be  made  from  the  inner  third  of  the  anterior  surface  of  one 
clavicle  to  the  inner  third  of  the  anterior  surface  of  the  other  clavicle.     It 

should  cross  the  manubrium  at  the 
level  of  the  juiu-tion  of  its  upper 
and  middle  thirds.  The  soft  parts 
are  all  divided  through  this  inci- 
sion down  to  the  bone.  Bleeding 
points  as  encountered  are  ligated. 
The  manubrium  is  freed  subjierios- 
teally  downward  to  the  junction  of 
tlie  manubrium  and  the  gladiolus 
and  ujiward  as  far  as  the  episternal 
notch.  After  the  upper  border  is 
freed,  the  posterior  aspect  of  the 
manubrium  should  be  cleared  sub- 
periosteally  as  low  down  as  it  has 
l)ecn  anteriorly.  The  overlying 
soft  parts  on  the  anterior  surface 
are  retracted,  and  the  manubrium 
is  divided  transversely  at  the  junc- 
tion of  the  up])er  boi-ders  of  the 
second  ribs  and  also  vertically 
through  its  centre.  The  bony 
incisions  are  best  accomplished  by 
means  of  either  a  Gigli-Haertel  saw  or  by  Iwne-cutting  forceps.  The  two 
divided  halves  should  be  \^•ell  retracted  laterally,  and  the  posterior  j^erios- 
teum  incised.  The  overlying  soft  structures  are  displacetl  to  the  left,  and 
the  inferior  thyroid  veins  are  ligated  and  divided.  This  process  exposes 
the  innominate  veins.  The  left  innominate  vein  should  be  depressed,  and  the 
right  innominate  vein  should,  if  practicable,  be  displaced  forward  and  to  the 
right  side.  Then,  after  carefully  noting  the  relations  of  the  important  nerves 
and  the  pleura,  the  operator  should  clear  the  innominate  artery,  guarding 
the  right  pneumogastric  artery  and  the  pleura.  It  is  then  time  to  jiass  the 
ligature  between  the  artery  and  the  pleura,  placing  it  as  far  from  the  aorta  as  is 
practicable. 

The  operation  need  not  be  carried  out  subperiosteally.  The  periosteum  can 
be  divided  along  the  bony  incisions.  By  this  method  less  contusion  of  the  tissues 
is  caused  and  much  time  is  saved. 

Ligation  by  Oblique  Incision. — The  position  of  the  patient  and  the  landmarks 


Flc.  271. — Second  Stage  of  Dr.  Curtis'  Operation. 
(See  Fig.  270.)  Full  exposure  of  tlie  traoliea,  innomi- 
nate artery,  arch  of  the  aorta,  and  tlie  left  innomi- 
nate vein  crossing  the  latter.  The  right  pneumo- 
gastric and  the  recurrent  laryngeal  nerves  are  seen, 
the  latter  originating  unusually  low  in  this  subject. 
{A7i7wls  of  Surgery,  Oct.,  1901.) 
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are  the  same  as  those  mentioned  in  the  description  of  Mott's  operation  (see 
page  477).  The  incision  begins  at  the  junction  of  the  middle  and  lower 
thirds  of  the  anterior  border  of  the  sternomastoid  muscle.  It  passes  along  the 
lower  third  of  the  margin  of  the  muscle  and  then  sweeps  over  the  upper  edge 
of  the  episternal  notch  on  to  the  manubrium.  The  skin,  superficial  fascia, 
platysma,  and  deep  fascia  are  incised.  The  anterior  jugular  vein  and  the 
transverse  branch  between  the  two  anterior  jugulars  are  ligated  between 
ligatures  and  divided.  The  sternomastoid  muscle  is  drawn  outward  and  its 
sternal  attachment  is  divided  if  necessary.  The  sternothyroid  and  the  sterno- 
hjoid  muscles  are  drawn  inward  and,  if  necessary,  their  sternal  attachments 
may  be  divided.  The  deep  cervical  fascia  covering  the  carotid  sheath  is  divided, 
the  sheath  is  opened,  and  the  common  carotid  artery  is  followed,  behind  the 
sternoclavicular  articulation,  as  far  as  to  the  subclavian  and  then  to  the  innomi- 
nate arteries.  Watchfulness  is  reciuircd  if  the  recurrent  laryngeal  nerve,  which 
lies  behind  the  sheath,  is  to  escape  injury.  After  the  inferior  thyroid  vein  has 
been  ligated  the  innominate  should  be  exposed,  care  being  taken  to  avoitl  the 
left  innominate  vein  in  front  and  the  right  pleural  behind.  The  common  carotid 
and  vertebral  arteries  should  also  be  tied  through  this  same  incision. 

General  Considerations. — Rigid  asepis  should  attend  each  step  of  these 
operations.  AMien  the  wounds  are  closed,  it  is  desirable  to  approximate  as 
closely  as  possible  the  divitled  siu-faces.  Dead  spaces  are  best  avoided  by  the 
use  of  graduated  compresses.  Drainage  should  not  be  employed  unless  abso- 
lutely necessary;  and  then  it  is  to  be  obtained  by  a  rubber-tissue  or  a  textile- 
fabric  drain.  The  pain  and  irritability  of  the  patient  conseciuent  upon  the 
operation  should  be  relieved  by  hypodermic  injections  of  morphine. 

The  choice  of  the  method  to  be  used  in  ligating  the  innominate  •  depends 
upon  the  indications  and  upon  the  extent  of  the  diseased  condition.  In  aneu- 
rism, for  instance,  the  relations  of  the  parts  may  be  materially  changed,  and  a 
bony  route  is  then  to  be  preferred,  as  it  gives  room  for  free  manipulation  and 
allows  the  operator  to  observe  the  changed  relations  caused  by  the  tumor. 

It  should  be  remembered  that  if  the  innominate  is  shorter  than  usual  the 
lower  extremity  of  the  common  carotid  may  be  tied  instead;  also  that,  if  the 
aorta  arches  to  the  right,  the  innominate  will  be  found  on  the  left  instead  of  on 
the  right  side. 

The  Common  Carotid  Artery. — Ligature  of  this  artery  is  indicated  by  a 
variety  of  conditions.  Occasionally,  as  an  emergency  measure,  both  common 
carotids  have  been  ligated  simultaneously. 

Si.MULTANEOUS  LiGATURE. — The  simultaneous  ligature  of  both  common 
carotids  should  be  avoided,  as  it  is  invariably  followed  by  fatal  coma.  Two 
weeks  at  least  should  intervene  between  the  two  operations,  and  even  then 
death  may  follow.  Simultaneous  ligature  and  ligature  performed  at  inter\  als 
of  time  of  varying  length  have  been  done  about  forty  times.     The  shortest  in- 
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tcrvtil  followed  by  recovery  was  four  ;ui(i  a  half  clays.  In  the  other  instances  of 
recovery  reported  the  intervals  varied  from  thirteen  to  thirty-five  days. 

The  vessel  was  first  ligated  for  hemorrhage  by  Abernethy  in  1798;  the  result 
was  fatal.  Fleming,  in  1803,  performed  the  operation  with  success.  Sir 
Astley  Cooper,  in  1805,  first  ligated  it  for  aneurism.  His  patient  died.  In 
1808,  however,  he  was  successful  with  a  similar  case. 

Temporary  Ligature. — Temporary  ligature  is  resorted  to  for  the  arrest  of 
hemori-hage  from  the  branches  without  exposing  the  patient  to  the  brain  com- 
plications whidi  may  arise  from  permanent  closure  f)f  this  artery.  It  is  also 
resorted  to,  with  much  economy  of  time  and  blood,  in  extensive  operations  in 
regions  supplied  by  the  vessel  or  its  branches.  The  artery  is  exposed  by  the 
usual  methods,  is  encircled  by  a  piece  of  tape,  and  lifted  up  so  as  to  shut  off 
its  lumen.  It  may  also  be  tightened  sufficiently  by  a  broad  ligature  to  close  its 
lumen  without  injuring  the  coats  of  the  vessel. 

Relations  of  the  Right  Common  Carotid  Artery  in  the  Lower  Part  of 
THE  Neck. — This  artery  arises  from  the  innominate  artery  behind  the  right  sterno- 
clavicular articulation,  jmsses  upward,  outward,  and  slightly  backward  to  the 
upper  border  of  the  thyroid  cartilage,  where  it  divides  into  the  external  and 
internal  carotids.  The  common  carotid  bifurcates  sometimes  higher  up  than 
the  upper  border  of  the  thyroid  cartilage,  indeed  not  infrequently  at  the 
level  of  the  angle  of  the  jaw.  It  is  also  knowii  that  the  common  may  not  divide 
at  all,  and  that  the  lingual,  facial,  etc.,  arise  from  the  common  trunk.  The 
former  condition  (higher  bifurcation)  exists  in  about  fifteen  per  cent  of  instances. 
The  artery  is  contained  in  a  sheath  with  the  pneumogastric  nerve  and  the 
internal  jugular  vein,  each  being  separated  from  the  other  by  a  fibrous  septum. 
The  vein  lies  to  the  outer  side  and  slightly  overlaps  the  artery;  the  nerve  is 
posterior  to  and  between  them.  For  surgical  purposes  the  artery  is  divided, 
opposite  the  lower  border  of  the  cricoid  cartilage,  by  the  omohyoid  muscle,  into 
a  lower  and  deeply  seated  part  and  a  superficial  and  upper  part.  Its  length 
is  9.5  cm.  (three  and  three-quarters  inches). 

Relations  of  the  Left  Common  Carotid  Artery  in  the  Lower  Part 
OF  the  Neck. — This  artery  arises  from  the  highest  part  of  the  arch  of  the  aorta, 
passes  upward  and  outward,  overlapped  by  lung  and  pleura,  in  front  of  the 
trachea  to  the  left  sternoclavicular  articulation,  where  it  resumes  about  the 
same  relations  to  its  contiguous  parts  as  does  the  right  carotid  to  its  parts.  It 
length  is  11.5  cm.  (four  and  three-quarters  inches). 

Relations  of  the  Left  Common  Carotid  within  the  Thorax. — Anteriorly, 
it  is  separated  from  the  sternum  by  the  sternohyoid  and  the  sternothyroid  mus- 
cles, the  left  innominate  veins,  and  the  remains  of  the  thymus  gland;  posteriorly, 
it  lies  on  the  trachea,  oesophagus,  and  thoracic  duct;  internally,  it  is  in  relation 
with  the  innominate  artery,  the  inferior  thyroid  veins,  and  the  remains  of  the 
thymus  gland;  externally,  it  is  in  relation  with  the  left  pneumogastric  nerve 
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and  the  left  pleura.  The  left  sul3clavian  artery  is  slightly  external  and  pos- 
terior to  it. 

Rel.-^tions  of  Both  Common  C.vrotids  ix  the  Upper  Part  of  the  Neck. — 
Anteriorly;  skin,  superficial  and  deep  fascias,  platysma,  sternomastoid,  ster- 
nohyoid, sternothyroid,  and  omohyoid  muscles,  descendens  and  communicans 
hypoglossi  nerves  (the  descendens  is  sometimes  found  within  the  sheath,  Ijut 
generally  upon  it),  sternomastoid  artery,  superior  thjToid,  middle  thyroid,  and  an- 
terior jugular  veins.  Posteriorly:  pneumogastric  nerve,  recurrent  laryngeal  nei-vc, 
inferior  thyroid  artery,  longus  colli  and  the  rectus  capitis  anticus  major  muscles. 

Linear  and  Muscular  Guides. — The  linear  guide  is  a  line  drawn  from  the 
sternoclavicular  articulation  to  a  point  midway  between  the  angle  of  the  jaw 
and  the  tip  of  the  mastoid  process.  (Plate  XXIX,  Fig.  1.)  The  muscular 
guiile  is  the  anterior  border  of  the  sternomastoid  muscle. 

Ligature  of  the  Common  Carotid  below  the  Omohyoid  Muscle. — The 
patient  should  be  placed  on  the  back  with  the  shoulders  slightly  elevated,  the  face 
turned  to  the  opposite  side,  and  the  chin  extended.  The  incision,  about  three 
inches  in  length,  is  made  along  the  anterior  margin  of  the  sternomastoid,  ex- 
tending from  just  above  the  level  of  the  cricoid  cartilage  to  a  point  just  above 
the  sternoclavicular  articulation.  Tlie  skin,  superficial  fascia,  platysma,  and 
the  deep  fascia  are  divided,  thus  exjjosing  the  anterior  border  of  the  sterno- 
mastoid muscle.  If  the  sternomastoid  artery  is  to  be  divided  it  should  first  be 
ligated;  if  it  is  not  divided,  it,  with  the  thyroid  vein,  should  be  pushed  aside. 
The  sternomastoid  muscle  is  retracted  outward,  a  relaxed  state  of  the  muscle 
aiding  the  retraction ;  and  the  sternohyoid  and  the  sternothyroid  are  retracted 
inward.  The  two  latter  muscles  may  be  divided  when  necessary.  When 
these  muscles  are  retractetl  the  lower  liorder  of  the  omohyoid  will  be  seen  above. 
The  fascia  beneath  these  muscles  is  divided,  and  the  divided  edges  are  drawn 
apart,  when  the  descendens  noni  will  be  found  on  the  inner  border  of  the  common 
sheath.  In  the  common  sheath  the  ai'tery  lies  internal  to  the  vein,  and  the  pneu- 
mogastric nerve  is  between  the  vessels  and  posterior  to  them.  The  artery  witliin 
the  sheath  should  be  carefully  located,  and  a  part  of  the  sheath  just  over  the 
artery  should  be  picked  up  with  thumlj  forceps  or  tenacula  and  incised.  The 
edges  of  the  incision  are  held  apart  and  the  needle  is  passed  from  without  in- 
ward between  the  artery  and  the  sheath,  due  care  being  observed  to  see  that  the 
vein,  pneumogastric  or  recurrent  laryngeal  nerves  are  not  injured. 

L'iG.VTURE     OF     the     CoMMON     CaROTID      ABOVE      THE      OMOHYOID     MuSCLE. 

(Plate  XXIX,  Fig.  1.) — The  linear  and  muscular  guides  are  the  same  here  as 
those  given  for  the  previous  operation.  The  neck  should  be  prominent,  the  head 
extended,  and  the  face  turned  toward  the  opposite  side.  The  incision  is  three 
inches  long  with  the  centre  at  the  cricoid  cartilage.  The  cut  is  made  through 
the  skin,  superficial  fascia,  platysma,  and  deep  fascia,  the  small  vessels  being 
avoided  as  much  as  possible.     The  sternomastoid  is  retracted  outward.     The 
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oniohj-oid  niusclc  i.s  exposed  and  retracted  downward,  or  cut  it'  necessary.  The 
artery  is  superficial  here  and  easily  found.  The  siieath  is  opened  from  the  inside, 
care  being  tal<cn  to  avoid  tlie  doscendens  hypoglossi  nerve  and  the  internal 
jugular  vein.  The  needle  should  be  passed  from  without  inward,  care  being 
taken  to  avoid  the  internal  jugular  vein  and  the  pneumogastric  nerve. 

The  collateral  circulation  takes  place  by  M'ay  of  the  inferior  and  supe- 
rior tliyroid  arteries,  the  pi'ofunda  cervicis  and  the  occipital  artery,  the  trans- 
versalis  colli  and  the  occipital  arteries,  and  the  vertebral  artery  and  the  circle 
of  Willis. 

The  dangers  of  these  opei'ations  are  great.  Of  the  total  number  of  cases  re- 
ported before  the  aseptic  period,  thirty  per  cent  ended  fatally.  With  improved 
technique  and  thorough  aseptic  jji-ecautions  the  percentage  of  mortality  has 
been  materially  lessened.  Dangers  arise  from  the  failure  due  to  thrombosis,  from 
sepsis,  from  secondary  hemorrhage,  and  from  the  sudden  shutting  off  of  the 
blood  supply  to  the  brain.  If  the  collateral  circulation  is  quickly  established, 
and  if  the  vessels  concerned  are  elastic  enough,  a  good  result  may  be  expected; 
but  where  the  circidation  is  slowly  established  and  where  the  vessels  are  inelas- 
tic, as  in  arteriosclerosis,  the  results  are  likely  to  be  unfortunate.  The  sudden 
shutting  off  of  the  circulation  may  lead  to  softening  of  the  brain :  we  may  have 
white  ischaimic  necrosis  or  yellow  hemorrhagic  softening.  With  white  ischse- 
niic  necrosis  we  have  a  total  shutting  off  of  the  blood  supply,  due  to  thrombosis 
■or  embolic  occlusion  of  the  peripheral  vessels.  Yellow  necrosis  occurs  where  the 
arterial  ana?mia  is  accompanied  by  venous  congestion  with  attendant  hemorrhage 
-and  traumatism.  This  may  be  followed,  as  the  circulation  is  being  slowly  re- 
.stored,  Ijy  hemiplegia,  which,  as  a  rule,  gi'adually  disappears.  Accidental  in- 
clusion of  the  vagus  in  a  ligature  or  clamp  may  cause  vai'ious  symptoms  re- 
lated to  the  heart  and  respiration,  but  these  symptoms  are  relieved  by  prompt 
release  of  the  nerve.  Temporary  arrest  of  the  circulation  before  final  ligature 
may  enable  the  surgeon  to  form  a  reasonable  estimate  of  the  outcome  of  the  final 
act  so  far  as  the  effect  on  the  brain  is  concerned.  Division  of  the  pneumo- 
gastric nerve  would  lead  to  paralysis  of  the  vocal  cords  on  the  side  on  which 
the  operation  was  performed. 

General  Coxsideratioxs. 

The  ligation  of  the  right  common  carotid  is  required  more  frequently  than  is 
the  ligation  of  the  left.  The  ligation  of  the  left  is  more  difficult  than  is  the 
ligation  of  the  right  because  of  the  intimate  relation  which  it  bears  to  its  in- 
ternal jugular  vein.  If  the  artery  bifurcates  at  or  below  the  cricoid  cartilage, 
both  of  its  branches  should  be  secured.  Such  bifurcation  is,  however,  very  rare. 
In  cases  of  hemorrhage  from  its  terminal  branches  ligature  of  the  common  carotid 
W'ill  not  be  effectual  because  of  the  free  communication  of  these  vessels  at  the 
point  of  bifurcation  of  their  parent  trunk,  and  because  of  the  readily  established 


EXPLANATION  OF  PLATE  XXVI 11. 

Exposure  of  Arteries  for  Purposes  of  Li<jaiion, 

Figure   1. 

External  Carotid  Artery.     (After  Leser.) 

fi,  Angle  of  the  lower  jaw;  b,  hypoglossal  nerve;    c,  external  carotid  artery;  d,  external  jugular 

vein;  e,  common  jugular  vein;  /,  sternoeleidomiastoid  muscle. 

Subclavian  Artery  above  the  Clavicle.      (After  Leser.) 

^,  external  jugular  vein;  A,  phrenic  nerve;  t,  subclavian  artery ;  A:,  brachial  plexus ;  Z,  subclavicular 

nerve. 

Figure  2. 

Femoral  Artery  below  Poupart's  Ligament.      (After  Zuckerkamll.) 
In  the  upper  exposure,  in  the  median  line,  are  seen  the  femoral  artery  and,  internal  to  it,  the 

femoral  vein. 

Below,  the  artery  and  vein  hold  the  same  relations  as  above. 

s,  Sartorius  muscle ;  /,  fascia  lata. 

Figure  3. 

Radial  and  Ulnar  Arteries.      (After  Leser.) 
a,  Superficial  fascia,  underneath  wiiich  are  seen  the  tendons  of  the  supinator  longus  and  the  abduc- 
tor poUicis  brevis  muscles;    6,  radial  artery;   c,  tendon  of  the  flexor  carpi  radiaUs  muscle;  d,  ulnar 
nerve;  e,  ulnar  artery;  /,  flexor  carpi  ulnaris;   g,  flexor  sublimis  digiturum. 

Figure  4. 

Popliteal  Artery.      (After  Leser.) 
a,  Posterior  tibial  nerve;  h,  popliteal  vein;  c,  gastrocnemius  muscle;  d,  popliteal  artery. 
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PLATE  XXVIII. 


Fig.  4. 


Fig.  2. 


DISSECTIONS  EXPOSING  VARIOUS  ARTERIES  FOR  LIGATION. 

(Arteries  in  red,  veins  in  blue,  and  nerves  in  yellow.) 
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collateral  circulation  from  the  o]iposite  side.  In  these  ligations  also  the  following 
conditions  may  each  contribute  more  or  less  to  the  difficulties  of  the  operation: 
The  rcspii-atory  movements  of  the  tissues  of  the  neck:  inflammatory  processes; 
dilated  veins;  overlapping  thyroids;  morbid  growths;  and  either  a  too  narrow 
or  a  too  broad  mastoid.  If  any  branches  be  given  off  from  the  common  carotid 
close  to  the  part  to  be  ligatetl,  they  also  should  be  secured. 

External  Carotid  Artery. — This  was  first  ligated  by  Busch  in  1827  for  cirsoid 
aneui'isni.  Aljout  one  hundred  and  fifty  cases  were  reported  prior  to  the  aseptic 
period,  of  which  one  in  seven  resulted  fatally.  Under  aseptic  technique  the 
ratio  has  improved  and  stands  now  at  one  to  thirteen. 

Surgical  Anatomy. — The  external  carotid  artery  arises  opposite  the  upper 
border  of  the  thyroid  cartilage,  ascends  upward  and  forward,  and  then  in- 
clines backward  to  the  space  between  the  external  condyle  of  the  lower  jaw 
and  the  external  auditory  meatus,  where  it  divides  in  the  parotid  gland  into 
the  temporal  and  internal  maxillary  arteries.  Its  length  is  about  6.3  cm.  (two 
and  one-half  inches).  The  conmion  trunk  of  the  thyroid  and  lingual  veins 
crosses  the  vessel  at  the  point  where  it  is  commonly  tied. 

The  relations  of  the  artery  are  as  follows  (Fig.  272) :  Anteriorly:  skin,  super- 
ficial fascia,  platysma,  deep  fascia,  hypoglossal  nerve,  lingual  and  facial  \'eins, 
stylohyoid  muscle  and  the  posterior  belly  of  the  digastric  muscle,  branches  of  the 
facial  nerve,  and  the  pai-otid  gland;  posteriorly:  parotid  gland,  internal  carotid 
artery,  superior  laryngeal  nerve,  styloglossus  and  stylopharyngeus  muscles, 
glossopharyngeal  nerve,  stylohyoid  ligament;  internaUy:  hyoid  Ijone,  pharynx, 
superior  laryngeal  nerves,  parotid  gland,  ranms  of  jaw;  externally:  internal  car- 
otid artery. 

The  linear  and  muscular  guides  are  the  same  as  those  of  the  common 
carotid  artery. 

Operation  Below  the  Digastric  Muscle.  (Plate  XXVIII,  Fig.  1.) — The 
incision  is  made  a  little  in  front  of  the  sternomastoid  muscle,  and  extends  from 
the  angle  of  the  jaw  to  the  level  of  the  cricoid  cartilage;  the  layers  common  to 
the  neck  are  incised;  after  which  it  is  important  to  locate  the  posterior  belly  of 
the  digastric  muscle  which  crosses  the  external  carotid  about  3.2  cm.  (one  inch 
and  a  tjuarter)  above  its  origin,  the  hypoglossal  nerve  which  crosses  the  artery 
below  the  origin  of  the  occipital  artery,  and  the  tip  of  the  great  cornu  of  the 
hyoid  bone.  The  facial  and  thyroidal  veins  should  be  retracted  downward  and 
the  hypoglossal  nerve  upward.  The  internal  carotid  artery  and  the  internal 
jugular  vein  should  also  be  retracted  upward.  The  needle  is  passed  from  the 
internal  carotifl,  care  being  taken  to  avoid  the  superior  laryngeal  artery  behind. 
The  artery  can  be  ligated  at  any  point  in  its  course,  but  it  is  by  preference 
ligated  between  the  lingual  and  the  superior  thyroid  arteries.  The  vessel  may 
be  ligated  abo\'e  the  posterior  belly  of  the  digastric  also.  The  preceding  method, 
howc^•er,  should  be  selected  whenever  possible. 
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Dangers  from  tlic  opci'ation  arc  slight  when  it  is  performed  with  aseptic 
techni([ue.     Sepsis  and  secondary  hemoi'i'hagc  may  possibly  result. 

Thi'ougli  the  same  incision  the  sui)erior  thyroid,  lingual,  facial,  occipital, 
and  ascentling  pharyngeal  arteries  may  be  ligated. 

Operation  Above  the  Digastric  Muscle. — The  position  of  the  patient  is 
the  same  as  for  ligature  of  the  common  carotid.  The  linear  guide  is  also  the  same 
in  the  two  operations.  The  incision  should  extend  from  the  lobule  of  the  ear 
along  the  anterior  border  of  the  sternomastoid  to  the  greater  cornu  of  the  hyoid 


Fig.  272. — Relations  of  the  External  Carotid  and  Lingual  Arteries  of  tlii'  Loft  Side.  (After  Fara- 
beuf.)  The  picture  shows  the  parts  as  tliey  appear  when  the  patient  is  lying  down,  ready  to  be 
operated  upon.  M,  Inferior  border  of  the  jaw;  AI',  angle  of  the  latter;  //,  hyoid  bone;  h,  greater 
cornu  of  the  same;  shj  oh,  th,  respecti"\'ely,  the  sternohyoid,  omohyoid,  and  thyrohyoid  muscles; 
ph',  inferior  constrictor  of  the  phar}-nx ;  jth,  middle  constrictor  of  the  pliarynx ;  d,  posterior  belly  of 
the  digastric  muscle;  rf',  pulley-like  band  of  cervical  fascia  belonging  to  this  muscle;  hq,  hyoglossus 
muscle;  nih,  mylohyoid  muscle;  P,  lower  part  of  parotid  gland  covered  by  the  aponeurotic  expansion 
of  the  sternomastoid  muscle;  sm,  submaxillary  glantl  pulletl  to  one  side  by  a  hook;  jc,  external  jugu- 
lar vein;  ji,  interna!  jugular  vein  and  its  affluent  branches,  exposed  to  view  by  pulling  to  one  side  the 
sternomastoid  muscle;  hyp,  loop  of  the  hypoglossal  nerve;  Is,  superior  laryngeal  nerve;  cp,  primitive 
carotid  artery;  ci,  internal  carotid;  ce,  external  carotid;  t,  superior  thyroid  artery;  /,  Ungual  artery; 
/,  facial  artery.  *  *,  Point  where  the  lingual  artery  may  be  ligatured  close  to  its  origin.  At  this  point, 
which  is  situated  above  the  greater  cornu  of  the  hyoid  bone,  between  the  latter  and  tiie  hypoglossal 
nerve,  the  vessel  lies  beneath  the  hyoglossus  muscle.  *  *  *,  Point  where  the  lingual  artery,  still  lying 
beneath  the  hyoglofssus  muscle,  may  be  ligated  in  its  triangle,  at  a  considerable  distance  from  its 
point  of  origin. 

bone,  care  being  taken  to  avoid  the  parotid  gland.  Skin,  superficial  and  deep 
fascia  are  divided ;  the  anterior  border  of  the  sternomastoid  should  be  retracted 
outward,  and,  after  the  posterior  belly  of  the  digastric  has  been  exposed,  it  and 
the  stylohyoid  should  be  pulled  downward,  and  partially  or  entirely  divided 
if  necessary.  The  parotid  gland  should  be  displaced  upward  and  forward,  and, 
if  the  jugular  vein  should  be  in  the  way,  it  should  be  retracted  outward.  The 
artery  should  be  cleared  and  the  ligature  applied  to  the  vessel  before  it  enters  the 
substance  of  the  parotid  gland. 
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General  Consideraiioxs. — In  ligating  this  vessel,  especially  at  the  lower 
part,  care  should  be  taken  not  to  include  the  internal  carotid.  If  it  should  thus 
be  included,  the  fact  may  be  ascertained  in  the  following  manner:  After  the 
ligature  is  placed,  and  before  tying,  raise  the  vessel  upward  out  of  its  bed  suffi- 
ciently by  means  of  the  ligature  to  ascertain  the  effects  of  the  traction  on  the 
respective  vessels,  thus  judging  whether  one  or  both  are  included.  Also  see 
that  the  ligature  is  applieil  at  a  proper  distance  above  the  bifurcation  as  well 
as  sufficiently  far  below  superior  branches.  The  branches  which  are  too  near 
the  seat  of  ligature  should  be  tied  independently  with  fine  catgut.  Thus,  a 
space  half  an  inch  broad  at  either  sitle  of  the  proposed  seat  of  ligature  can  be 
provided  for  the  purpose  of  secure  occlusion.  When  enlarged  lymph  nodes  are 
encountered  during  the  exposure  of  the  vessel,  they  should  be  pushed  aside 
or  removeil.  Normally,  a  node  of  considerable  size  rests  on  the  point  of  bifur- 
cation. 

Lingual  Artery. — This  artery  was  first  ligated  by  Pirogoff  in  1836. 

Surgical  Axatoaiy. — The  lingual  artery  arises  from  the  external  carotid,  a 
little  below  the  greater  cornu  of  the  hyoid  bone ;  it  passes  obliciuely  upward  and 
inward  and  then  curves  downward  and  forward,  forming  a  loop  which  is  crossed 
by  the  hypoglossal  nerve.  Passing  beneath  the  digastric  and  stylohyoid  muscles 
it  runs  horizontally  forward  beneath  the  hypoglossal  muscle ;  then  finally  ascend- 
ing almost  j^erpendicularly  to  the  tongue  it  turns  forward  on  the  under  surface 
of  this  organ  and  continues  as  far  as  the  tip  under  the  name  of  the  ranine  artery. 

Guide. — The  vessel  has  no  superficial  muscular  guide,  but  it  can  be  located  by 
drawing  a  line  parallel  to  and  just  above  the  greater  cornu  of  the  hyoid  bone, 
which  cornu  can  be  readily  made  j^rominent  by  ]iressure  on  this  bone  at  the 
opposite  side  of  the  neck. 

Oper.\tion  at  Its  Point  of  Origin. — The  method  used  for  exposing  the 
external  carotid  below  the  digastric  muscle  is  employed.  The  lingual  artery 
is  identified  by  its  peculiar  course.  (See  Surgical  Anatomy  and  Figs.  272  and 
274.) 

Operation  AT  the  Place  OF  ElectigiN  (Fig.  273). — The  patient  is  supine,  the 
neck  placed  on  a  pillow,  the  face  turned  toward  the  opposite  side,  and  the  chin  ex- 
tended. A  curved  incision  is  made  from  the  angle  of  the  jaw  down  to  the  greater 
cornu  of  the  hyoid  bone  and  up  to  or  near  the  symphy.sis  menti.  The  incision 
goes  through  and  includes  the  deep  fascia  attached  to  the  hyoid  bone.  The 
flap,  which  carries  the  submaxillary  gland  with  it,  is  laid  back.  The  digastric 
muscle,  the  hypoglossal  nerve,  and  the  lingual  vein  are  retracted  upward  with 
blunt  hooks.  The  stylohyoid  muscle  may  encroach  on  the  triangle,  and  if  it  does 
the  posterior  fibres  should  be  divided.  The  hyoglossus  muscle  is  divided  and 
turned  upward,  exposing  the  artery,  which  usually  bulges  out  into  the  space.  It 
should  be  traced  backward  so  that  it  may  be  ligated  on  the  proximal  side  before 
the  dorsalis  linguae  is  given  off.     The  needle  is  passed  from  above  downward. 
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The  submaxillary  fascia  and  the  fibres  of  the  hyjOTglossus  may  be  reunited  if 
consitlered  necessary. 

With  aseptic  technique  the  opei'ation  is  devoid  of  danger.  In  cases  of 
hemorrhage  of  the  tongue,  or  when  the  ligature  is  made  as  a  preliminary  to 
excision  of  the  tongue,  both  arteries  must  be  ligated. 

Facial  Artery. — This  artery  arises  a  little  above  the  lingual  artery  and  passes 
obliquely  upward  iieneath  the  digastric  and  stylohyoid  muscles  and  frequently 
beneath  the  hypoglossal  nerve;  it  then  runs  forward  under  cover  of  the  body 
of  the  lower  jaw,  l)eing  lodged  in  a  groove  on  the  posterioi'  surface  of  the  sub- 


FiG.  274. 

Fig.  273. — Ligature  of  the  Lingual  Artery  (Left  Side)  in  tlie  Little  Tri.ingle,  above  the  Tendon 
of  the  Digastric  Muscle.  (After  Farabeuf.)  Everj-thing  that  might  obstruct  the  view  has  been  care- 
fully dis.sected  away  and  the  submaxillary  gland  has  been  lifted  up  out  of  the  field  of  operation. 
1,  Tendon  of  the  digastric  muscle  still  adherent  to  the  hyoid  bone;  2,  mylohyoid  muscle;  3,  hypo- 
glossal nerve.  In  the  triangle  the  hyoglossus  muscle  has  been  incised,  and  through  the  opening  the 
lingual  artery  may  be  seen. 

Fig.  274. — Ligature  of  the  Lingual  .\rtery  (Left  Side)  above  the  Cireater  Cornu  of  the  Hyoid 
Bone.  (After  Farabeuf.)  Tlie  field  of  operation  having  been  cleared  by  a  careful  dissection,  the 
following  parts  may  be  distinguished:  1,  Greater  cornu  of  the  hyoid  bone;  2,  venous  trunk  made  up 
of  the  thjToid,  lingual,  and  facial  veins;  3,  hypoglossal  nerve;  4.  posterior  belly  of  the  digastric  muscle; 
5,  submaxillary  gland ;  6,  point  of  insertion  of  the  stylohyoid  muscle.  The  buttonhole-like  opening 
in  the  keratoglossus  portion  of  the  hyoglossus  muscle  permits  a  view  of  the  lingual  artery. 

maxillary  gland;  curving  upwaixl  over  the  body  of  the  jaw  at  the  anterior 
inferior  angle  of  the  masseter  muscle,  it  passes  upward  and  forward  across  the 
cheek  to  the  angle  of  the  mouth,  then  upward  along  the  side  of  the  nose  till  it 
terminates  at  the  inner  canthus  of  the  eye,  under  the  name  of  the  angular 
artery. 

Operation  at  the  Ramus  of  the  Jaw. — The  vessel  is  well  exposed  by  an 
incision  under  cover  of  the  lower  border  of  the  ramus  of  the  jaw,  with  the  an- 
terior border  of  the  masseter  muscle  as  the  centre  of  the  incision.  After  the 
deep  fascia  has  been  incised  the  artery  usually  comes  into  view.  The  vein 
lies  posterior  to  the  artery,  and  the  ligature  is  passed  from  behind  forward,  in 
such  a  manner  as  to  avoid  the  branches  of  the  facial  nerve.  In  cases  in  which 
it  is  necessary  to  tie  the  artery  at  its  origin,  the  incision  is  the  same  as  that 
for  exposing  the  external  carotid  below  the  digastric  muscle. 

Results. — These  are  uniformly  good. 
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Superior  ThjToid  Artery.— This  was  first  ligated  by  Charles  Bell  in  1814. 

Surgical  Anatomy. — The  superior  thyroid  artery  is  the  first  branch  of  the 
external  carotid,  though  it  may  arise  by  a  common  small  trunk,  together  with 
the  lingual  and  facial,  from  the  common  carotid,  or  may,  and  not  infreciuently 
does,  arise  at  the  bifurcation  of  tlic  latter  vessel.  It  follows  a  course  inward 
and  outward,  going  under  the  omohyoid,  sternohyoid,  and  sternothyroid  mus- 
cles to  the  upper  part  of  the  thyroid  gland.  Its  vein  and  the  superior  laryn- 
geal nerve  are  posterior  to  it,  the  nerve  being  in  close  relation. 

Operation. — This  is  practically  the  same  as  that  for  the  ligation  of  the 
external  carotid  artery.  Special  care  should  be  taken  to  guard  the  superior 
laryngeal  nerve.     The  ligature  is  applied  liefoi-e  the  hyoid  branch  is  given  off. 

Rest'lts. — These  are  excellent. 

Occipital  Artery. — The  posterior  branch  passes  backward  and  upward  to 
the  space  between  the  transverse  process  of  the  atlas  and  the  mastoid  process 
of  the  temporal  Ijone,  horizontally  backward  in  the  occipital  groove,  and 
finally  upward  into  the  scalp,  coursing  midway  between  the  mastoid  process  and 
the  external  occipital  protuberance. 

Oper.\tions  for  Lig.\ture  at  the  Poixt  of  Origin. — In  all  essential  re- 
spects the  technique  is  the  same  as  that  employed  for  ligation  of  the  external 
carotitl  artery  below  the  digastric  muscle.  Locate  the  posterior  belly  of  the 
digastric,  and,  just  below  it,  will  be  found  the  hypoglossal  nerve  winding  around 
the  occipital  artery.     The  relations  of  the  nerve  and  vessel  are  rarely  changed. 

Operation  Behind  the  Mastoid  Process. — The  artery  is  located  by  an  in- 
cision, about  two  inches  in  length,  that  begins  at  the  tip  of  the  mastoid  process 
and  extentls  liackwai'd  toward  the  occipital  jirotuberance.  Divide  the  skin  and 
the  attachments  of  the  sternomastoid  and  the  splcnius  muscles;  locate  the  artery 
by  feeling  for  its  pulsations,  isolate  it,  and  pass  the  ligature. 

Results. — These  are  uniformly  good. 

Temporal  Artery. — This  artery  is  the  smaller  of  the  terminal  branches  of  the 
external  carotid  artery.  It  arises  in  the  parotid  gland  opposite  the  neck  of  the 
superior  maxilla;  and  then  runs  upward  to  the  scalp,  dividing  into  anterior 
and  posterior  branches. 

Operation. — The  artery  is  located  by  making  a  vertical  incision,  one  inch 
in  length,  between  the  tragus  of  the  ear  and  the  condyle  of  the  lower  jaw. 

Resi'lts. — Uniformly  favorable. 

Internal  Maxillary  Artery. — This  is  the  larger  of  the  terminal  branches  of 
the  external  carotid.  If  ligation  of  the  internal  maxillary  is  indicated,  it  is 
safer  and  better  to  ligate  the  external  carotid.  The  middle  meningeal  branch, 
in  cases  of  intracranial  hemorrhage,  is  tied  within  the  cranium. 

Middle  Meningeal  Branch  of  the  Internal  Maxillary  Artery.— This  arteiy 
arises  beneath  the  external  pterygoid  muscle,  between  the  internal  lateral  liga- 
ment and  the  neck  of  the  inferior  maxillary  bone,  and  ascends  between  the  two 
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heads  of  the  auriculo-tcnipoi'al  nerve  to  the  foramen  spinosinn.  It  is  crossed 
by  the  chorda  tympani  nerve.  It  jiasscs  throufjli  the  foramen  spinosum  into 
the  cranium  and  divi(h'S  into  anlei-inr  and  posterior  hranciies,  tlie  anterior 
hruncii  ruuninfi  in  a  f2;roove  or  canal  in  tlie  anterior  inferior  anf^le  of  the  parietal 
l)one.  Extei-naliy,  the  hifurcation  is  located  3.8  cm.  (U  in.)  behind  the  external 
angular  process  of  the  frontal  bone,  and  from  3.8  to  4.5  cm.  (U  in.  to  IJ  in.) 
above  the  zygoma.  This  close  relationship  of  the  artery  to  the  parietal  bone 
explains  the  freouent  injury  of  the  artery  in  fractures  of  the  skull  at  that  situa- 


FiG.  275. — Ligature  of  tlie  Middle  Meningeal  Artery,  (.\fter  Kocher.)  1,  Small  cut  in  the  tem- 
poral muscle,  to  diminish  tension;  2,  posterior  branch  of  the  midcile  meningeal  artery.  3;  4,  tem- 
poral muscle,  pulled  to  one  side  to  give  access  to  the  opening  in  the  skull ;  5,  crista  infratemporaUs; 
6,  upper  margin  of  the  zygoma.  , 

tion,  especially  those  caused  by  severe  blows  upon  the  head.  Its  course  is 
upward  and  a  little  backward  to  the  sagittal  suture.  It  lies  about  three-fourths 
of  an  inch  posterior  to  the  coronal  suture.  It  is  located  in  this  situation  by 
measuring  one  inch  ])Osterior  to  the  external  angular  process  of  the  frontal  bone 
and  one  and  one-half  to  one  and  three-fourths  inches  above  the  zygoma.  The 
posterior  branch  runs  in  a  shallow  groove  along  the  inner  sin-face  of  the  squa- 
mous i^ortion  of  the  temporal  bone  anil  passes  backward  and  upward.  In  the 
majority  of  cases  it  runs  somewhat  parallel  to  the  sciuamo-parietal  suture.  At 
the  beginning  it  is  within  three-fourths  of  an  inch  of  the  suture,  usually  within 
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oiip-half  inch  of  it,  and  it  gi'adually  approaches  the  suture  to  cross  it  about 
three-fourths  of  an  inch  from  the  posterior  end  of  the  vessel.     (Fig.  275.) 

SiTE.s  FOR  Ligation. — The  common  trunk  and  its  anterior  and  posterior 
branches. 

LiG.\Tiox  OF  THE  CoMMox  Trvxk. — Kocher's  Operation.  (Fig.  275.) — A 
curved  oblique  incision  is  made  in  such  a  manner  that  its  centre  shall  correspond 
to  the  site  of  the  trephine  opening,  which  should  fall  over  the  trunk  of  the  artery 
before  it  bifurcates.  The  incision  begins  at  the  external  angular  process  of  the 
frontal  bone,  passes  obliquely  backward  and  downward  to  the  posterior  end  of 
the  zygoma,  and  from  this  point  upward  and  backward  above  the  ear.  The 
incision  is  carrietl  do\\ii  through  the  periosteum  of  the  bone,  care  being  taken 
to  avoid  the  branches  of  the  facial  nerve  and  the  auriculo-temporal  nerve.  The 
temporal  muscle  is  detached  subperiosteally  and  brought  forward,  exposing 
the  squamous,  parietal,  and  sphenoid  bones.  The  detached  parts  should  be 
retracted  upward  and  forward,  and  then,  with  a  trephine  3.8  cm.  (one  inch  and  a 
half)  in  diameter,  a  disc  of  bone  should  be  removed  at  the  point  which  has 
already  been  mentioned.  The  removal  of  the  disc  exposes  the  arterj-.  The 
needle  is  passed  ai'ound  the  ai'tcry  ami  care  is  taken  not  to  wound  the  brain. 
The  disc  of  bone  may  be  replaced  or  not  as  the  operator  deems  fit.  Tlie  perios- 
teum antl  its  overlying  tissues  are  returned  to  their  normal  positions  and  sutiu'ed. 
The  osteoplastic  flap  operation  of  Hartley  and  Krause  may  be  used  to  expose 
this  artery  in  special  instances. 

LiG.\TioN  OF  THE  ANTERIOR  Branch. — A  horseshoc-shaped  inclsion,  witli  its 
centre  3.8  cm.  (one  inch  and  a  half)  posterior  to  the  external  angular  proc- 
ess of  the  frontal  bone,  and  3.8  to  4.5  cm.  (one  and  one-half  to  one  and  three- 
fourths  inches)  distant  from  the  zygoma,  is  made  above  the  latter  bone.  The 
front  i)art  of  the  horseshoe  should  be  just  behind  the  external  angular  process, 
and  the  rear  part  should  correspond  to  a  line  that  runs  vertically  upward  from 
the  external  auchtory  meatus.  The  incision  is  carried  through  the  periosteum, 
and  the  flap,  comprising  the  periosteum,  is  turned  upward.  The  bone  is  tre- 
phined as  in  the  previous  operation,  and  the  remaining  steps  are  as  previously 
described. 

LiG.iTioN  OF  THE  POSTERIOR  Branch. — The  external  incision  should  be 
horseshoe-shaped  and  its  centre  should  be  located  just  below  the  parietal  emi- 
nence. The  centre  of  the  trephine  opening  should  be  at  a  point  represented  by 
the  intersection  of  a  line  drawn  horizontally  on  a  level  with  the  roof  of  the  orbit, 
and  one  drawn  vertically  from  directly  behind  the  mastoid  process.  The  limbs 
of  the  horseshoe-shaped  incision  should  be  from  two  to  two  and  three-fourths 
inches  apart.  The  steps  in  the  operation  are  the  same  as  those  for  the  ligation 
cf  the  anterior  branch. 
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Gkneral  Conhideratioxs. 

The  iiii(kllc  meningeal  arteiy  and  ils  l)iaiiches  are  most  frequently  injured 
in  fractures  of  the  middle  fos^^a  of  the  skull,  and  this  fact  plays  an  important 
part  in  the  ligature  of  the  vessel.  Hemorrhage  from  these  vessels  as  a  result  of 
such  injuries  are  epidural  and,  with  torn  dura,  may  be  subdural.  The  former 
is  in  most  cases  readily  treated,  and  the  i-esults  are  good  niidn-  favorable  con- 
ditions. If  hemorrhage,  as  a  result  of  injuries  and  surgical  trauma,  be  progres- 
sive, it  will  be  indicated  by  the  following  conditions:  Progressive  hemiplegia; 
a  pulsating  epidural  clot;  free  escape  of  fluid  blood  into  the  soft  parts;  bleeding 
in  fissured  fractures  of  the  skidl;  the  presence  of  fhiid  blood  in  tlie  epidural 
cavity  after  the  removal  of  the  clot;  and  the  finding  of  the  bleeding  point  itself. 
The  hemon-hage  should  be  stopped  as  promptly  as  is  jiossiblc.  When  the 
bleeding  point  cannot  be  located  and  exposed,  the  hemorrhage  is  best  arrested 
by  ligature  of  the  external  carotid  and  by  the  application  of  cold  to  the  head. 
When  the  point  of  hemori-hage  can  be  suitalily  exposed,  the  vessel  should  be 
ligated  above  and  below,  and,  when  this  is  not  possible,  it  may  be  accomplished 
by  plugging  the  bleeding  points  with  catgut  or  kangaroo  tendon,  or  by  compres- 
sion against  the  internal  table  by  the  use  of  forceps,  one  blade  being  within  the 
cavity  and  one  blade  without.  Wlien  compression  symptoms  resvdt  from  hemoi- 
rhage  and  are  not  complicated  by  a  fracture,  Kroenlein's  method  of  exposure 
should  be  utilized.  (For  further  details  consult  the  article  on  Sur'jical  Affec- 
tions and  Wounds  of  the  Head,  in  Vol.  V.) 

It  should  also  be  remembered  that  this  artery  and  its  branches  are  apt  to 
vary  considerably  in  size  and  in  the  course  which  they  jjursue,  and  the  operator 
should  examine  the  surgical  anatomy  of  the  part  before  attempting  operative 
interference. 

Internal  Carotid  Artery.— This  artery  was  first  ligated  by  Keith,  of  Aberdeen, 
Scotland,  in  1851.  In  1809  Dr.  Lee,  of  Kingston,  Tenn.,  successfully  ligated 
the  artery  in  a  case  of  stab  wound.  Simultaneous  ligature  of  the  internal  carotid 
results  in  about  fifteen  per  cent  of  deaths,  which  are  due  to  cerebral  complica- 
tions. Ligature  of  this  artery,  with  simultaneous  ligature  of  the  common  or 
external  carotid  ai'tery,  has  been  performed  in  fifteen  cases. 

Surgical  Anatomy. — The  internal  carotid  is  the  lai'ger  of  the  branches  of 
the  common  carotid  artery.  It  arises  oj^ijosite  the  level  of  the  upper  l)order  of 
the  thyroid  cartilage.  At  first,  it  lies  comparatively  superficial  and  slightly 
external  to  the  external  carotid  artery,  then  sinks  more  deeply  into  the  neck, 
passes  posteriorly  to  the  external  carotid,  and  ascends  in  front  of  the  transverse 
processes  of  the  upper  cervical  vertebra^,  to  enter  the  carotid  canal. 

Operation. — An  incision  is  made  along  the  anterior  bortler  of  the  sterno- 
mastoid  muscle.     The  centre  of  the  incision  is  slightly  above  the  thyroid  car- 


EXPLANATION  OF  PLATE  XXIX. 

Exposure  of  Arteries  for  Purposes  of  hiqntion. 
FiGT'RE    1. 

Common  Carotid  and  Subclavian  Arteries.      (After  Zuckerkandl.) 
c,  Common  carotid  artery;  F.  c,  deep  layer  of  the  cervical  fascia  divided;  /,  pnenmogastric  nerve; 

k,  sternocleidomastoid  muscle. 

Lower  dissection  exposes  the  subclavian  artery  under  the  clavicle,     a,  Subclavian  artery;  d,  deltoid 

muscle;  p,  pectoralis  major  muscle;  r,  brachial  plexus;  subclavian  vein. 

Figure  2. 

Dissection  of  the  Axilla.      (After  Roser.) 
3,  Subscapularis  artery  and  vein;  8,  median  nerve;.  9,  ulnar  nerve;   10,  axillary  vein,  behind  which 

passes  the  ulnar  nerve. 

Figure  3. 

Posterior  Tibial  Artery  behind  the  Internal  Malleolus.      (After  Zuckerkandl.) 
/,  Beneath  the  divided  fascia  is  to  be  seen  the  curving  artery,  accompanied  by  two  veins. 

Figure  4. 

Anterior  Tibial  Artery.      (After  Zuckerkandl.) 

E.  h.j  Extensor  proprius  hallucis;  P.  p.,  deep  perineal  nerve,  and  behind  it  the  anterior  tibial  artery, 

surrounded  by  veins;  /.  a.,  divided  fascia. 

Figure  5. 

Posterior  Tibial  Artery.      (After  Zuckerkandl.) 
N.  t.  p.,  Posterior  tibial  nerve;  A.  t.  p.,  posterior  tibial  artery;  s,  soleus  muscle. 
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PLATE  XXIX. 


DISSECTIONS  EXPOSING  VARIOUS  ARTERIES  FOR  LIGATION. 

(Arteries  in  red,  veins  in  blue,  and  nerves  in  yellow.) 
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tilagc.  Further  steps  in  this  operation  arc  the  same  as  those  for  ligating  the 
external  earotiil  below  the  digastric  muscle.    (See  page  485.) 

Subclavian  Artery. — First  Portion. — The  first  portion  of  the  left  subclavian 
was  first  ligated  Ijv  Dr.  J.  Kearney  Rogers,  of  New  York,  in  1845.  Tlie  patient 
d'wd  fifteen  days  afterward  from  hemorrhage.  Halsted,  of  Baltimore,  in  1898, 
successfully  ligated  it  in  extirpating  a  tumor.  Schumpert  has  also  successfully 
ligated  it  for  the  cure  of  an  aneurism.  The  first  portion  of  the  right  side  has  been 
ligated  twenty-two  times.  Nineteen  of  these  cases  ended  fatally,  eight  of  them 
as  the  result  of  hemorrhage.  Second  Portion. — Chilton,  of  St.  Thomas's  Hospital, 
cured  an  aneurism  of  the  third  portion  of  the  subclavian  artery  l;)y  ligating  it 
at  the  inner  border  of  the  scalenus  anticus  muscle.  The  following  day  he 
ligated  the  axillary  artery.  Dr.  B.  Farcjuhar  Curtis,  of  New  York,  reports  a 
case  of  aneurism  cured  by  ligating  the  vessel  with  two  strands  of  catgut, 
drawn  only  sufficiently  taut  to  occlude  the  lumen  of  the  vessel  without  divid- 
ing its  inner  coat.  Third  Portion. — Of  sixteen  cases  reported,  ten  were  fatal. 
Nine  cases  were  opei'ated  on  for  aneurisms,  with  five  deaths;  seven  cases  for 
hemorrhage,  with  four  deaths.  These  operations  were  performed,  however,  be- 
fore the  aseptic  period.  The  three  cases  ligated  for  hemorrhage  since  the  aseptic 
period  all  ended  in  recovery.  Ligature  of  the  third  portion  was  first  attempted 
in  1809  by  Sir  Astley  Cooper,  but  he  was  unable  to  finish  the  operation.  In 
the  spring  of  the  same  year  Ramsden  ligated  the  artery,  but  the  case  ended 
fatally.  The  first  successful  ligature  was  accomplished  by  Wright  Post,  of  New 
York,  in  1817. 

Surgical  Anatomy. — The  subclavian  arises  from  the  innominate  artery  on 
the  right  side,  and  from  the  arch  of  the  aorta  on  the  left  side.  The  right  is  about 
an  inch  shorter  than  the  left;  the  left  is  about  10  cm.  (four  inches)  in  length. 
The  vessels  on  both  sides  arch  over  the  jjleura  at  the  root  of  the  neck  to  the 
lower  border  of  the  first  rib  and  there  become  the  axillary  arteries.  The  centre 
of  the  artery  lies  between  the  scalenus  anticus  and  the  medius  muscles,  and  is 
thereb}-  divided  into  tlu'ee  parts,  the  first  and  third  portions  of  which  lie  respec- 
tively internal  and  external  to  the  scalenus  anticus  muscle  and  are  of  much 
importance  surgically.  The  subclavian  vein  lies  anteriorly  and  inferiorly  to 
the  artery  and  in  front  of  the  scalenus  anticus  muscle.  (Plate  XX^TII,  Fig.  1; 
Plate  XXIX,  Fig.  1.) 

Guides. — The  muscular  guides  are:  superficially,  the  posterior  border  of 
the  sternoraastoid ;  and,  deeply,  the  scalenus  anticus  and  the  tuberosity  of 
the  first  rib.  The  linear  guide  is  a  curved  line  with  its  convexity  upward, 
beginning  at  the  sternoclavicular  articulation  and  ending  at  the  middle  of  the 
inferior  border  of  the  clavicle. 

Operations. — Ligaturing  of  the  first  and  second  portions  is  extremely  dan- 
gerous ;  especially  so  is  ligaturing  of  the  left  subclavian  artery.  The  artery 
in  these  portions  is  deep-seated  and  difficult  to  reach.     It  may  be  exposed 
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either  by  Mott's  inetliod  or  by  Curtis'  niodificatioii  of  Milton's  method 
of  exposing  the  anterior  mediastinum,  as  in  tiie  ligature  of  the  innominate 
artery. 

Ligation  of  tlic  First  Portion  of  the  Right  Subclavian. — The  artery  is  exposed 
as  in  Mott's  o])eration  for  ligation  of  the  innominate.  (See  page  477.)  The 
subclavian  artery  is  cleared  and  identified,  care  being  taken  not  to  injure  the 
recurrent  laryngeal  and  the  phrenic  nerves  or  the  vertebral  artery.  The  pleura 
is  pushed  downwanl  and  outward  by  the  tip  of  the  finger,  and  the  needle  is 
passed  from  the  pleura  below  upwanl.  The  vertebral  artery  also  should  be 
ligated  through  the  same  opening. 

Ligationof  the  First  Portion  of  tlie  Left  Subclavian.  (Plate  XX\TII,  Fig.  1.) 
— The  steps  in  this  operation  are  the  same  as  those  taken  for  ligating  the  right 
subclavian  as  far  as  the  exposure  of  the  common  carotid.  In  this  operation 
the  common  carotid  artery  and  the  pneumogastric  nerve  are  drawn  inward,  the 
internal  jugular  and  the  left  innominate  veins  are  drawn  outward  and  downward. 
Care  should  be  taken  to  guard  the  thoracic  duct,  which  arches  from  the  seventh 
cervical  vertebra  over  the  subclavian  artery,  in  fi-ont  of  the  scalenus  anticus 
muscle,  to  empty  into  the  left  subclavian  vein  at  the  junction  of  the  vein  with 
the  internal  jugular.  The  parts  should  be  relaxed  by  i^ulling  the  head  forward. 
The  common  carotid  is  followed  downward  until  the  subclavian  is  found  running 
outward  and  posteriorly  to  the  carotid.  The  artery  is  ligated  under  the  same 
precautions  as  those  described  under  Ligation  of  the  Corresponding  Portion  of 
the  Right  Subclavian. 

Licjation  of  the  Second  Portion  of  the  Subclavian. — An  incision  is  made  from 
the  posterior  border  of  the  sternomastoid  extending  three  inches  along  and 
over  the  clavicle  to  the  anterior  border  of  the  trapezius.  Incise  skin,  fascia, 
platysma,  and  the  small  veins  and  nerves  as  encountered.  Expose  and,  when 
necessary,  divide  the  clavicular  attachments  of  the  sternomastoid  and  the 
trapezius;  then  divide  the  deep  cervical  fascia,  retracting  or  dividing  between 
two  ligatures  the  external  jugular  vein  antl  its  branches.  If  the  transversalis 
colli  or  the  superscapular  arteries  come  into  view  they  should  be  carefully 
guarded  for  anastomotic  circulation.  Retract  upward  the  posterior  belly 
of  the  omohyoid,  and,  with  the  outer  margin  of  the  scalenus  anticus  as  a  guide, 
the  artery  may  be  located  by  following  the  muscles  to  the  tubercle  on  the  upper 
border  of  the  first  rib.  The  vein  will  be  foimd  in  front  of  the  artery  and  below 
it.  The  scalenus  anticus  shoukl  be  retracteil  inward,  care  being  taken  to  avoid 
the  plirenic  nerve,  which  crosses  oblicjuely  the  lower  anterior  surface  of  the 
scalenus  anticus. 

Ligation  of  the  Third  Portion  of  the  Subclavian.  (Plate  XXIX,  Fig.  1.) — 
The  steps  in  this  operation  are  practically  the  same  as  those  described  under 
ligature  of  the  Second  Portion.  When  the  artery  has  been  located  at  the  tubercle 
of  the  first  rib  it  is  traced  outward.     The  sheath  of  the  artery  is  opened  and 
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the  needle  passed  between  it  and  the  brachial  plexus,  the  subclavian  vein 
and  the  pleura  being  carefully  avoided. 

Gexer.\l  Coxsider.\tioxs. — The  right  or  the  left  subclavian  may,  in  some 
instances,  pass  through  the  scalenus  anticus  muscle  or  it  may  pass  in  front  of 
it,  with  the  vein  behind  it.  The  right  at  times  takes  its  origin  from  the  arch  of 
the  aorta,  in  which  case  it  will  be  more  deeply  situated.  In  a  few  cases  the 
artery  courses  along  a  cervical  rib  and  may  even  be  foinid  an  inch  or  two  above 
the  clavicle  or  on  a  line  with  it.  If  the  .sternomastoid  has  an  unusual  breadth 
of  attachment  the  incision  might  inadvertently  be  made  too  far  Jiack.  The 
tubercle  of  the  first  rib  may  be  diminutive,  in  which  case  the  muscular  insertion 
into  the  rib  must  be  used  as  a  guide.  The  inner  cord  of  the  brachial  plexus  has 
at  times  been  mistaken  for  the  vessel. 

Vertebral  Artery. — Out  of  forty-four  cases  operated  uj)on,  three  were  fatal — 
one  from  hemorrhage,  one  from  embolism,  one  from  septic  pleurisy.  Twenty 
per  cent  of  all  cases  operated  on  for  epileiisy  improve,  but  the  general  results  do 
not  warrant  an  operation.  Dr.  Alexander,  who  did  much  of  this  work,  has 
long  ago  ceased  to  advocate  its  performance  for  the  relief  of  epilepsy.  The 
artery  was  first  ligated  by  Smyth,  of  New  Orleans,  in  connection  with  ligation 
of  the  innominate. 

Surgical  Anatomy. — It  is  generally  the  first  and  largest  branch  of  the 
subclavian  artery.  It  arises  from  the  first  part  of  this  artery  near  the  inner 
border  of  the  scalenus  anticus  muscle,  and  passes  upward,  backwai-d,  ant!  out- 
ward to  enter  the  foramen  in  the  transverse  process  of  the  sixth  cervical  verte- 
bra. It  then  ascends  through  the  foramina  of  the  transverse  processes  of  all  the 
vertebriE,  and,  emerging  from  the  foramina  in  the  transverse  process  of  the  atlas, 
it  runs  in  a  groove  on  the  posterior  arch  of  the  atlas,  lying  in  the  suboccipital 
triangle,  and  passes  into  the  cranium  through  the  foramen  magnum  to  unite  with 
its  fellow  on  the  opposite  side,  there  to  form  the  basilar  artery. 

Linear  and  Bony  Guides. — The  linear  guide  is  a  "line  drawn  from  the 
posterior  part  of  the  mastoid  process  to  the  junction  of  the  inner  fourth  of  the 
clavicle  with  the  outer  three-fourths  of  the  same.  .  .  .  Should  difficulty  be 
experienced  in  finding  the  artery,  a  finger  must  be  inserted  to  the  bottom  of 
the  wound,  and  search  made  with  it  for  the  carotid  tubercle  of  Chassaignac,  at 
the  extremity  of  the  transverse  process  of  the  sixth  cervical  vertebra,  below  which 
the  pulsations  of  the  artery  may  be  felt."  (Lidell,  in  Ashhurst's  "  International 
Encyclopedia  of  Surgery,"  Yo\.  II.,  pp.  748,  749.) 

Operations. — The  vertebral  artery  is  usually  ligated  in  its  cervical  portion, 
and  occasionally  in  the  occipital  portion.  The  operations  are  difficult  on 
account  of  the  depth  of  the  vessel,  the  proximity  of  important  structures, 
and  the  difficulty  of  differentiating  it  from  the  inferior  thyroid  and  the  ascending 
cervical  arteries. 

Chassaignac' s  Operation. — The  incision,  three  inches  in  length, is  made  along 
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the  posterior  margin  of  tlio  storiioniastoid  nuisele,  almost  flown  to  the  clavicle; 
the  external  jugular  is  (li\'i(le(l  and  tied  between  two  hgatures,  or  else  is 
dra\\ii  to  one  side.  The  muscles,  nerves,  and  \'eins  as  encountered  are  drawn 
to  the  inner  side;  Ihe  deep  fascia  about  one  inch  below  the  carotid  tubercle  is 
opened,  and  the  space  between  the  scalenus  anticus  and  the  longus  colli  muscles 
is  enlarged  by  blunt  ilisscction.  Care  should  be  taken  to  avoid  the  ascending 
cervical  artery.  When  the  artery  is  exposed  the  ligature  is  passed  with  great 
care  so  as  not  to  include  any  of  the  fibres  of  tlie  sympathetic  nerve. 

Kocher's  and  Fray's  Method. — The  incision  is  mafle  along  the  anterior  border 
of  the  sternomastoid  muscle  to  its  sternal  attachment.  The  platysma  and 
fascia  are  divided,  the  sternomastoid  muscle  and  the  great  vessels  are  pulled 
outward,  and  the  sternohyoid  muscle  is  retracted  inward.  The  inferior  thyroid 
artery  is  located  and  the  prevertebral  fascia  is  divided  above  so  as  to  expose 
the  vertebral  artery  which  courses  vertically,  disapjiearing  at  the  lower  margin 
of  the  sixth  vertebra.  In  the  actual  ligation  the  same  care  of  the  wound  should 
be  exercised  as  has  been  previously  noted. 

Mikulicz,  in  cases  in  which  it  is  difficult  to  find  the  vessel  because  of  existing 
pathological  conditions,  recommends  an  incision  along  the  posterior  border  of 
the  sternomastoid  from  the  level  of  the  thyroid  downward.  The  sternomastoid 
is  divided  3  cm.  (li  in.)  above  its  clavicular  attachment,  thus  exposing  the  ar- 
tery at  its  origin.  After  the  vessel  is  ligated  the  severed  muscle  should  be  sut- 
ured with  catgut. 

Hclferich's  Method. — In  this  method  the  effort  is  made  to  avoid  confound- 
ing the  artery  with  neighboring  vessels,  the  artery  being  reached  through  the 
transverse  process  of  the  sixth  cervical  vertebra.  An  incision  is  made  along 
the  anterior  or  posterior  margin  of  the  sternomastoid  muscle,  and  the  muscle 
is  drawn  inward  or  outward  as  indicated.  The  carotid  tubercle  is  sought  for 
in  the  upper  part  of  the  wound,  and  the  periosteum  is  stripped  off  the  transverse 
process  of  the  sixth  cervical  vertebra.  The  outer  portion  of  the  process  is 
removed  with  bone  forceps,  thus  exposing  the  artery  and  the  vein  in  the  canal. 
The  large  vessels  and  nerves  of  the  neck  in  this  operation  do  not  come  into 
view.  The  inferior  thyroid  artery  is  located  below  the  process,  and  the  phrenic 
nerve  is  on  the  outer  side. 

Results. — No  bad  results  follow  this  operation,  as  a  rule.  A  hemiplegia 
may  appear,  but  it  usually  disappears  in  a  few  months.  Frequently  there  results 
a  contraction  of  the  pupil  on  the  same  side  as  the  ligature,  because  of  injury  to 
fibres  of  the  sympathetic  nerve  which  run  parallel  to  the  artery.  Barachz 
reports  ligation  of  both  vessels,  followed  by  a  temporary  hemiplegia.  An  in- 
terval of  two  weeks  occurred  between  the  operations.  Barachz  and  Alexander 
report  forty-one  cases  of  single  and  double  ligature  for  epilepsy  without  any 
bad  results. 

Inferior  Thyroid  Artery. — This  is  the  largest  branch  of  the  thyroid  axis. 
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It  takes  an  upward  and  outward  course  to  the  posterior  surface  of  the  thyroid 
gland,  and  passes  in  front  of  tlie  verteliral  artery,  recurrent  laryngeal  nerve, 
and  longus  colli  muscle.  Anterior  to  the  ai'tery  are  the  great  vessels  and  nerves 
of  the  neck. 

Operation. — An  incision  about  three  inches  in  length  is  made  along  the 
anterior  border  of  the  sternomastoiil  muscle,  with  its  centre  opposite  the  cricoid 
cartilage.  The  skin,  superficial  fascia,  and  platysma  muscles  are  divided; 
the  deep  fascia  is  divided,  and  the  sternomastoid  and  the  great  vessels  of  the 
neck  in  their  common  sheath  are  retracted  outward;  and  the  larynx  and  the 
thyroid  gland  are  retracted  inward.  The  inferior  thyroid  artery  is  recognized 
by  its  horizontal  course  one-half  inch  below  the  carotid  tubercle,  and  the  pai't 
of  the  vessel  beyond  its  ascending  cervical  branch  is  sought.  The  .sympathetic 
nerve  crosses  the  artery  at  right  angles,  and  is  pulled  outward.  The  ligature 
is  passed  from  below  upward,  care  being  taken  to  avoid  the  nerves  and  the 
inferior  thyroid  veins. 

Transversalis  Colli  and  the  Suprascapular  Branches  of  the  Thyroid  Axis 
and  the  Subclavian  Artery.— These  are  but  rarely  ligated,  and  then  usually  as 
a  result  of  wounds,  in  which  case  they  are  cut  down  upon  and  tied  at  the  points 
where  they  are  wounded. 

Internal  Mammary  Artery.— This  artery  arises  from  the  lower  part  of  the 
subclavian  artery  near  the  inner  margin  of  the  scalenus  anticus  muscle,  passing 
downward,  forward,  and  inward  behind  the  clavicle  to  enter  the  thorax  behind 
the  cartilage  and  the  first  rib.  It  then  passes  downward  and  parallel  to  the 
external  margin  of  the  sternum,  being  separated  from  it  by  an  interval  of 
1.3  cm.  (one-half  inch).  At  the  interspace  between  the  sixth  and  seventh  costal 
cartilages  it  divides  into  the  superior  epigastric  and  the  musculophrenic  branches. 

Surgical  Anatomy. — In  the  neck  the  artery  is  covered  by  the  sternomastoid 
muscle,  subclavian  and  internal  jugular  veins,  and  the  phrenic  nerve.  Posterior 
to  it  arc  the  pleura  and  the  innominate  vein.  In  the  chest  it  is  covered  by  the 
cartilages  of  the  first  to  the  sixth  ribs,  bj'  the  pectoralis  major,  and  by  the  inter- 
nal intercostal  muscles.  Posterior  to  it,  above,  is  the  pleura,  and  below  it  is 
the  triangularis  sterni  muscle. 

Oper.\tiox. — The  artery  is  most  readily  reached  through  the  second  inter- 
costal space.  The  incision  is  made  downward  and  inward,  through  all  the  soft 
tissues,  to  the  anterior  intercostal  membrane,  which  is  divided;  the  deep  fascia 
of  the  chest  is  also  divided,  exposing  the  artery  with  its  vein  to  its  inner  side. 
The  needle  is  passed  between  the  vein  and  the  artery,  care  being  taken  not  to 
wound  the  pleura. 

The  vessel  can  be  ligated  in  any  of  the  five  upper  intercostal  spaces.  The 
course  of  the  vessel  is  indicated  by  drawing  a  line  one-half  inch  external  to  the 
outer  border  of  the  sternum  and  parallel  to  it.   The  vessel  lies  midway  between 

the  borders  of  the  costal  cartilages. 
VOL.  IV.— 32 
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General  Coxsiderations.^TIic  internal  inannncaiy  art(>ry  bleeds  vigorous- 
ly. The  hleeclinjz;  from  its  i)ranchcs  seems  proi)ortionately  vigorous.  Schwartz, 
in  his  Koenigsberg  dissertation,  mentioned  52  cases  of  injury  of  the  internal 
mammary  artery  whicli  had  Ix'cn  i-epoi-ted  during  tlie  past  century.  Seven 
of  these  injuries  occuncd  during  operations.  Of  the  remaining  45  cases  9  tei-- 
minated  fatally,  by  reason  of  acute  hemorrliage.  Of  the  36  patients  who  sur- 
viveil  there  were  24  in  whom  the  wound  became  infected,  and  of  this  number 
18  died.  Of  the  12  patients  in  whom  infection  did  not  occur,  4  died.  Second- 
ary hemorrhage  occurred  in  21  cases.  Of  the  9  patients  who  died  of  acute 
hemorrhage  there  were  4  in  whom  the  hemorrhage  occurred  from  the  artery 
itself.  In  the  remaining  5  fatal  cases  the  hemorrhage  took  place  from  the 
lungs,  heart,  or  other  neighboring  structures. 

Axillary  Artery. — This  artery  was  first  successfully  ligated  by  Dr.  Chamber- 
lain, of  Jamaica,  W.  I.,  in  1S15.  His  operation  was  for  the  cm-e  of  a  traumatic 
aneurism. 

Slkgical  Axatu.my.  (Plate  XXIX,  Fig.  2;  Fig.  276.) — The  axillaiy  artery 
is  a  continuation  of  the  subclavian,  extending  from  the  lower  border  of  the  first 
ril)  to  the  lower  border  of  the  tendon  of  the  teres  major  muscle,  where  it  be- 
comes the  brachial  artery.  Its  length  is  about  2  cm.  (one  inch  and  one-quar- 
ter), and  it  is  divitled  into  three  parts  by  the  pectoralis  minor  nauscle. 

Linear  Guide. — A  line  dra-\vn  from  the  middle  of  the  clavicle  to  the  middle 
of  the  bend  of  the  elbow,  with  the  arm  placed  at  a  right  angle  to  the  ti'unk. 

First  Portion. — Anteriorly  it  is  in  close  relation  to  the  clavicular  portion 
of  the  pectoralis  muscles,  the  costocoracoid  membrane,  the  external  anterior 
thoracic  nerve,  and  the  acromiothoracic  and  cephalic  veins.  Posteriorly  lie 
the  first  intercostal  interspace,  the  first  intercostal  muscle,  the  second  and  a 
portion  of  the  third  digitations  of  the  serratus  magnus  muscle,  and  the  poste- 
rior thoracic  anil  internal  thoracic  nerves.  Externally  lies  the  brachial  plexus. 
Internally  lie  the  axillary  vein,  which  also  overlaps  the  artery,  and  the  anterior 
internal  thoracic  nerve. 

Operation. — Di^^de  in  the  linear  guide  the  skin,  platysma,  supraclavicular 
nerves  and  fascia.  Divide  the  clavicular  origin  of  the  pectoralis  major  nuiscle, 
and  carefully  guard  the  acromiothoracic  artery  on  account  of  the  collateral 
circulation.  Near  the  coracoid  process  divide  vertically  the  costocoracoid 
membrane,  through  which  passes  the  cephahc  vein  to  empty  into  the  axillary 
vein ;  displace  the  membrane  upward  and  outward ;  expose  the  sheath  and  clear 
the  artery,  bringing  the  arm  nearer  to  the  body  so  that  the  axillary  vein  will  be 
transferred  from  o\'er  the  arterj'  to  its  inner  side.  The  needle  is  passed  be- 
tween the  adjacent  nerve  cords  and  the  artery. 

Second  Portion. — This  portion  of  the  artery  lies  behind  the  pectoralis  minor 
muscle.  Anteriorly,  it  is  covered  by  the  pectoralis  major  and  minor  muscles; 
posteriorly,  lie  the  subscapularis  muscle  and  the  posterior  cord  of  the  brachial 
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plexus:  externally,  lies  the  outer  cord  of  the  brachial  plexus;  mternally,  He  the 
axillar}'  vein,  the  inner  coixl  of  the  l)raeliial  plexus,  and  the  internal  anterior 
thoracic  nerve. 

Operation. — Xo  special  description  for  lifjatuie  at  this  situation  is  called 
for,  as  the  artery  may  be  reached  by  extending  the  incisions  described  uniler 
Ligature  of  tlie  First  Portion  and  Ligature  of  the  Third  Portion.  If  ligature 
at  this  inunediate  position  of  tlie  ai'ter}-  is  indicated,  the  vessel  may  be  reached 


Fig.  276. — Exposure  of  Axillary  and  Jiracliial  Arteries.  {.\fter  Zuckerkandl.)  a,  Coracobra- 
chialis  muscle:  6,  median  nerve;  c,  greater  internal  cutaneous  nerve;  r/,  axillary  artery ;  c,  lesser  inter- 
nal cutaneous  nerve;  /,  biceps  muscle;  </,  brachial  artery;  /(.  brachial  vein. 


by  di\iding  the  ti.ssues  down  to  and  tlirough  the  space  between  the  contiguous 
borders  of  the  deltoid  and  the  i)ectoral  muscles.  The  pectoralis  minor  is  exposed 
and  ilrawn  ilownward  and  the  artery  is  isolated.  The  main  ves.sel  and  its 
collateral  branches  are  ligated  in  the  usual  manner. 

Third  Portion. — This  portion  extends  from  the  lower  border  of  the  jiec- 
toralis  minor  to  the  lower  border  of  the  tendon  of  the  teres  major  muscle.  In 
front  of  the  artery  are  the  skin,  tlie  superficial  fascia,  the  pectoralis  major 
muscle,  the  deep  fascia  of  the  arm,  the  internal  root  of  the  meilian  ner\e,  and 
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the  external  brachial  vein.  liehind  it  are  the  nuiisculospiral  antl  circumtlex 
nerves  and  the  suhscapularis,  latissiinus  dorsi,  and  teres  major  muscles.  In- 
ternall.y  lie  the  internal  root  of  tlie  median  nerve,  the  ulnar,  aiternal  cuta- 
neous, and  lesser  internal  cutaneous  nerves,  and  the  axillary  vein. 

Operation.  (Fig.  276.) — An  incision  about  three  inches  in  length  is  made 
along  the  posterior  bordei'  of  th(>  coracobrachialis  muscle,  from  the  juncture  of 
the  anterior  and  middle  thirds  of  tlie  axilla  along  the  linear  guide.  Expose  the 
inner  border  of  the  muscle  and  draw  it  anil  tlie  nuisculocutaneous  and  median 
nerves  upward,  while  the  ulnai'  and  internal  cutaneous  nerves  are  drawn  inward. 
The  axillary  vein  is  slightly  below  and  slightly  in  front  of  tlie  artery.  The 
needle  should  he  jiassed  between  the  vein  and  the  artery  and  as  far  away  from 
a  large  branch  of  the  artery  as  is  possible. 

General  Considerations. — Not  infrequently  the  radial  artery,  sometimes 
the  ulnar  and  jiossibly  the  interosseous,  arise  from  the  axillary.  Traumatic 
aneurism  of  this  vessel  is  of  comparatively  frequent  occurrence  from  violent 
movements  and  direct  injuries  in  the  efforts  at  retluction  of  a  dislocated  shoulder 
joint. 

Brachial  Artery. — Ligatme  of  this  artery  is  of  historic  interest  on  account 
of  the  oijeration  which  And  brought  before  the  profession  for  the  cure  of  trau- 
matic aneurisms  of  the  elbow.  Before  the  aseptic  period  almost  one-third 
of  these  operations  resulted  fatally,  but  in  these  days  the  artery  is  ligated  with 
comparative  safety. 

SuRGiCAii  Anatomy. — The  Ijrachial  artery  is  a  continuation  of  the  axillary 
artery  and  extends  along' the  anterior  and  inner  aspect  of  the  arm,  from  the 
lower  border  of  the  teres  major  nmscle  to  about  1.3  cm.  (one-half  inch)  below 
the  bend  of  the  elbow.  It  divides  into  the  radial  and  ulnar  arteries.  Tire 
vessel  is  suj)erficial  throughout  its  course.  Its  relations  are  as  foUow's:  An- 
teriorly, skin,  superficial  and  deep  fascias.  The  median  nerve  crosses  it  in  the 
middle;  the  median  basiUc  vein  and  bicipital  fascia  cross  it  at  the  elbow. 
Posteriorly,  it  lies  from  above  downward  ui)on  the  long  head  of  the  triceps, 
the  musculospiral  nerve  and  superior  profunda  artery  intervening;  then  upon 
the  inner  head  of  the  tricej^s,  and  finally  upon  the  insertion  of  the  coraco- 
brachialis and  brachialis  anticus  muscles.  Externally,  it  is  in  relation  with 
the  commencement  of  the  median  nerve  and  the  coracobrachialis  and  biceps 
muscles.  Internally,  the  upper  half  is  in  relation  with  the  internal  cutaneous 
and  ulnar  nerves,  the  lower  half  with  the  median  nerve.  (Fig.  276;  Plate  XXIX, 
Fig.  1.) 

Linear  Guide. — A  line  extending  fi-om  the  junction  of  the  middle  and 
anterior  thirds  of  the  axilla  to  midway  between  the  apices  of  the  bony  condyles 
of  the  humerus. 

Operation.  (Plate  XXIX,  Fig.  1.) — The  arm  being  abducted  and  semi- 
flexed, an  incision  about  2.3  in.  in  length  is  made  along  the  internal  bicipital 
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groove.  The  internal  eilge  of  the  biceps  is  (^xposed  and  retracted  out\vari_l, 
wiicn  the  artery  will  be  found  under  its  inner  border.  The  median  ner\-c 
usually  crosses  the  artery  at  its  middle:  the  internal  cutaneous  nerve  lies  on 
its  inner  side.  The  vena^  comites  and  the  basilic  vein  are  separated  from 
the  artery.  The  needle  is  passed  around  the  artery  between  itself  and  tiie 
nerve.  Do  not  let  the  arm  rest  in  such  a  posture  as  to  facilitate  the  error  of 
mistaking  the  triceps  for  the  biceps,  the  ulnar  nei've  for  the  nie(Uan,ora  large 
profunda  arterj'  for  a  small  brachial.  The  possibilities  of  anomalies  should 
be  borne  in  mind,  esiiecially  that  of  an  unusually  high  termination  of  the  bra- 
chial. In  this  case  the  ligation  of  one  division  only  would  defeat  the  purpose 
of  the  operation. 

Ligation  at  the  Elbow. — The  brachial  artery  lies  in  the  intei'ior  cubical  sulcus 
and,  covered  by  the  aponeurosis  of  tiic  jjiceps  muscle,  is  embedded  in  the 
depression  between  the  pronator  radii  teres  and  the  biceps  muscles.  The 
artery  in  this  position  is  accompanied  by  two  symmetrically  placed  veins: 
the  median  nerve  does  not  occupy  the  same  intimate  i-elation  to  the  arterj-  as 
it  does  in  the  arm,  being  displaced  to  the  ulnar  side  of  the  vessel.  Sepa- 
rated from  the  artery  by  the  bicipital  fascia,  and  situated  subcutaneousl.v, 
is  the  plexus  of  veins  (median  basilic  and  median  cephalic),  which  are  con- 
tinuous, in  the  flexure  of  the  elbow,  with  the  veins  of  the  foreaini.  The  sim- 
plicity of  the  relations  existing  in  the  arm,  in  conseijuence  of  the  prominences 
formed  by  the  biceps  and  the  triceps  and  the  ])i'esence  of  the  internal  and 
external  bicipital  sulci,  is  replaced  at  the  flexure  of  the  elbow  joint  by  .some- 
what complex  conditions  resulting  from  the  presence  of  two  large  groups  of 
forearm  muscles  arising  from  the  ai'ni. 

Operation. — The  forearm  is  extended  at  the  elbow  joint  and  is  held  in  a 
position  of  maximum  supination.  Information  as  to  the  course  and  situation 
of  the  internal  bicipital  sulcus  is  sought  through  palpation.  An  incision 
about  two  inches  in  length,  with  its  centre  in  the  fold  of  the  elbow,  is  made 
along  the  internal  boi'der  of  the  bicejjs  tendon. 

(Iexeral  CoxsiDERATioxs. — In  females,  owing  to  the  unusual  length  of  the 
internal  condyle,  the  primary  incision  should  be  made  midway  between  the 
apices  of  the  condyles.  The  chances  of  missing  the  artery  are  thus  diminished. 
Unusual  muscular  development  may  make  the  Hnding  of  the  artery  difficult,  in 
which  case  the  pulsation  of  the  vessel  will  indicate  its  location.  The  median 
nerve  may  pass  behind  instead  of  in  front  of  the  vessel,  and  for  this  reason  might 
be  inchuled  in  the  ligature  with  the  artery.  The  brachial  may  bifurcate  unusually 
high  up.  or  the  vessels  of  the  forearm  may  arise  from  the  axillary  artery,  in 
which  circumstances  the  number  of  vessels  encountered  in  the  arm  will  lie  con- 
fusing. This  artery  may  accompany  the  ulnar  nerve  behind  the  inner  condyle. 
Reliance  should  be  placed  on  the  size  of  the  vessel  and  upon  the  influence  which 
pressure  effects  upon  the  circulation  distal  to  the  site  of  the  proposed  ligation. 
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Radial  Artery. — Tlic  i-iulial  ai-tw-y  is  a  continua'iion  of  tlic  l)rachial  and  is 
the  siiiallor  of  its  tcnninal  bi-anchos.  It  hc^nns  just  below  the  crease  in  the 
elbow,  passing  down  the  foreai'm  on  its  I'adial  side  to  the  wrist,  where  it  winds 
around  the  outer  surface  of  the  carpus,  beneath  the  external  tendons  of  the  thumb, 
to  the  u|)per  end  of  the  space  Ix'twcen  the  fiist  and  second  niotacarpal  bones. 
It  then  passes  forward  between  the  two  heads  of  the  first  dorsal  interosseous 
muscle  into  the  palm  of  the  hand,  and  finally  crosses  the  metacarpal  bones  to 
the  ulnar  border  of  the  hand,  anastomosing  with  the  deep  branch  of  the 
ulnar  artery  to  form  the  dcei)  i)almar  arch.     (Plate  XXVIII,  Fig.  3.) 

Linear  Guide. — It  is  a  line  drawn  fi-om  one-half  inch  below  the  crease  of 
the  elbow  joint,  midway  between  the  two  condyles,  to  the  inner  side  of  the 
styloiel  process  of  the  radius. 

Operations. — The  artery  is  ligated  in  its  upi)er,  middle,  an<l  lower  thirds. 

Ligature  in  (he  Upper  TItinl. — An  incision  two  or  three  inches  in  length  is 
made  along  the  inner  border  of  the  supinator  longus  muscle,  the  centre  of  the 
incision  corresponding  to  the  junction  of  the  upper  and  middle  thirds  of  the 
artery.  Divide  skin,  superficial  and  deep  fascias;  widen  the  space  between 
the  supinator  longus  and  the  jironator  radii  teres  muscles.  The  artery  will  be 
found  under  the  edge  of  the  supinator  longus. 

Ligature  in  the  Middle  Third. — The  incision,  two  and  a  half  inches  in  length, 
is  made  along  the  linear  guide,  with  its  centre  at  the  centre  of  the  forearm. 
Divide  the  skin,  the  superficial  and  the  deep  fascias,  retract  the  supinator  longus 
outward,  and  the  artery  will  be  fountl  lying  upon  the  flexor  sublimis  digito- 
rum  and  the  flexor  longus  pollicis.  The  radial  nerve  is  to  the  radial  side  of  the 
artery  and  may  not  come  into  view. 

Ligature  in  the  Loicer  Third.  (Plate  XXVUI,  Fig.  3.) — The  incision,  2.5  to 
5  cm.  (one  to  two  inches)  in  length,  is  made  along  the  linear  guide,  between 
the  supinator  longus  and  the  flexor  carpi  radialis  muscles.  Divide  the  skin 
and  superficial  fascia:  displace  to  one  side  the  radial  vein,  or  any  branch  of  it, 
and  the  superficialis  volte  arteiy  if  it  comes  into  view.  Then  divide  the  deep 
fascia  and  enlarge  the  space  between  the  tendons,  pushing  the  supinator  longus 
toward  the  outer  side  antl  the  flexor  carpi  radialis  towartl  the  inner,  and  thus 
exposing  the  artery  and  its  vena-  comites.  The  anterior  liranch  of  the  musculo- 
cutaneous nerve  accompanies  the  vessels. 

Ligature  of  the  Deep  and  Superficial  Palmar  Arches.  (Fig.  277.) — The  super- 
ficial and  deep  palmar  arches  can  well  he  consiilcred  together.  Their  intimate 
relations  with  contiguous  nerves,  tendons,  etc.,  and  with  each  other,  along 
with  the  mnncrous  branches  given  off  b}^  each,  recjuire  care  in  dissection  and 
tying,  especially  in  the  case  of  the  deep  arch,  because  of  the  close  association 
of  their  branches  with  each  other,  as  bearing  on  the  possibility  of  secondary 
hemorrhage. 

Linear  Guides. — The  linear  guide  of  the  superficial  arch  extends  from  the 
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palmar  Isonler  of  the  thumb,  adductcd  to  a  right  angle,  directly  across  the 
palm.  The  tleep  arch  is  located  one-half  to  three-fourths  of  an  inch  nearer  the 
wrist  joint.  In  crush  injuries  of  the  palm,  secondary  hemorrhage  is  of  common 
occurrence. 

In  the  operation  for  ligaturing  the  deep  jmlmar  arch  the  patient's  hand 
should  be  e.xteudctl.     The  limb  as  a  whole  should  be  supine.     An  incision  is 


Fig.'  277. — Ligatures  of  the  Superficial  anj  Deep  Palmar  .Arteries,  (.\fter  Koclier.l  o.  Super- 
ficial pahnar  arch;  6,  tentlon  of  the  flexor  .subliniis  digitoruni  to  the  fourth  finger;  d,  opponens  polUcis 
muscle:  c,  median  nerve  to  the  middle  and  the  ring  fingers;  /,  median  nerve  to  the  index  finger  and  to 
the  thumb;  h,  adductor  poUicis  muscle;  t,  first  lumbrical  muscle;  ;',  tendon  of  the  flexor  sublimis 
digitorum. 

made  a  half-inch  or  so  above  that  for  the  superficial  arch,  as  intlicated  above. 
Divide  the  skin'  and  the  superficial  fascia;  expose  and  ligate  the  superficial 
palmar  arch;  divide  the  muscles  of  the  thenar  eminence;  and,  at  the  upper  end 
of  the  wound,  divide  as  little  of  the  annular  ligament  as  possible.  Then  the 
flexor  tendon  of  the  index  finger,  its  lumbrical  muscle,  and  the  muscles  of  the 
thumb  are  retracted  from  one  another,  exposing  the  adductor  obliquus  pollicis, 
which  is  divided.    The  deep  palmar  arch  will  be  found  beneath  it,  running  trans- 
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vcrscly  across  the  hand.  In  this  deep  wound  the  needle  is  to  be  carefully  passed 
so  as  to  avoid  nerves  and  veins. 

In  ligaturing  the  superficial  palmar  ai'ch  (Fig.  277)  the  operation  is  done  as 
follows:  The  Umb  being  in  a  supine  posture,  the  hand  extended,  and  the  fingers 
and  wrist  steadied,  incise  the  skin  along  the  linear  guide.  The  artery  will  be 
found  in  the  underlying  fat.  The  median  and  ulnar  nerves  and  the  flexor  ten- 
dons will  be  found  underneath  the  vessel.  When  unaljle  to  locate  the  arch, 
ligate  the  ubiar  artery  at  the  pisifoi-m  bone. 

Ulnar  Artery. — This  artery  is  the  larger  of  the  terminal  branches  of  the 
brachial  artery.  It  commences  half  an  inch  below  the  bend  of  the  elbow;  its 
upper  end  crosses  the  forearm  obliquely  with  a  slight  convexity  to  the  ulnar 
side.  The  lower  half  runs  along  the  idnar  border  of  the  forearm  to  tlie  wrist, 
where  it  crosses  the  annular  hgament  to  the  radial  side  of  the  pisiform  bone 
and  enters  the  palm,  to  divide  into  the  superficial  and  deep  palmar  branches. 
These  branches  enter  into  the  formation  of  the  superficial  and  deep  palmar 
arches.     (Plate  XXVIII,  Fig.  3.) 

Linear  Guide. — Tliis  is  formed  by  drawing  a  line  from  the  internal  condyle 
to  the  radial  side  of  the  pisiform  bone. 

Operations. — Tlie  artery  is  hgatured  in  its  upper,  middle,  and  lower  thirds. 
Ligature  oi  the  upper  third  is  only  very  exceptionally  called  for. 

Ligature  of  the  Middle  Third. — Divide  skin  and  superficial  fascia,  exposing 
the  internal  cutaneous  nerves  and  the  anterior  uhiar  vein,  which  is  drawn  to 
one  side.  The  deep  fascia  is  divided  a  little  to  the  outside  of  the  above  incision, 
as  the  flexor  carpi  ulnaris  sUghtly  overlaps  the  flexor  sublimis  digitorum;  these 
muscles  are  then  well  retracted,  exposing  first  the  ulnar  nerve  and,  internal  to 
it,  the  ulnar  artery  surrounded  by  its  vena»  comites.  The  incision  should  be 
about  two  inches  in  length. 

Ligature  of  the  Loner  Third. — xVn  incision  two  inches  in  length  is  made  along 
the  linear  guide  to  the  radial  side  of  the  tendon  of  the  flexor  carpi  uhiaris,  ter- 
minating about  one  inch  above  the  pisiform  bone.  Tlie  muscular  belly  of  the 
muscle,  wliich  extends  almost  to  the  wrist,  is  retracted  outward,  and  the  ulnar 
artery,  accompanied  by  its  venae  comites,  is  exposed.  The  ulnar  nerve  is  to  the 
ulnar  side  of  the  artery,  and  the  needle  is  passed  between  it  and  the  nerve. 

Intercostal  Arteries. — The  nine  or  ten  intercostal  branches  of  the  thoracic 
aorta  supply,  as  a  rule,  the  parts  from  the  third  to  the  eleventh  intercostal 
spaces  inclusive.  The  first  intercostal  space  is  supplied  by  the  superior  inter- 
costal alone ;  and  the  second  space  is  supj^lied  either  by  the  superior  intercostal 
alone  or  by  it  and  the  first  aortic  intercostal.  The  branch  below  the  twelfth 
rib  is  known  as  the  subcostal  artery.  The  vertebral  portions  of  the  inter- 
costal arteries  arise  in  pairs  from  the  ]30sterior  part  of  the  thoracic  aorta  and 
pass  around  the  vertebrae.  The  arteries  divide  into  dorsal  and  intercostal 
branches;  the  intercostal  branches  run  forward  and  obliciuely  upward  in  the 
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intercostal  space  and  divide,  at  the  lower  Ijorder  of  the  superior  rib  near  its 
angle,  into  upper  and  lower  branches. 

Ligation  of  an  Intercostal  Artery. — The  patient  is  supine,  the  trunk 
turned  so  as  to  leave  the  site  of  operation  readily  accessible,  and  the  chest  is 
supported  below  so  as  to  increase  the  width  of  the  intercostal  spaces.  An  inci- 
sion, 5  cm.  (two  inches)  in  length,  is  made  parallel  to  and  just  below  the  lower 
border  of  the  rib,  in  the  groove  of  which  rims  the  vessel  to  be  operated  on. 
The  skin  and  superficial  fascia  are  divided,  and  then  the  overlying  nmscular 
tissues  of  the  chest  are  incised,  exposing  the  intercostal  fascia,  which  is  also 
incised.  The  external  intercostal  muscle  is  dixided,  the  cut  edges  are  drawn 
upward  and  downward,  and  the  artery  is  sought  for  in  the  inferior  intercostal 
groove.  The  intercostal  nerve  will  be  below  it,  and  the  vein  above  it.  With  an 
aneurisinal  needle  the  artery  should  be  drawn  into  view  and  diviiled  between 
two  ligatures.  The  intercostal  muscle  and  fascia  are  to  be  sutured  with  catgut. 
In  some  cases  it  may  be  necessaiy  jiartially  to  excise  a  I'ib  in  oi'dcr  to  get  at 
this  vessel.  In  this  case  the  incision  is  made  directly  over  a  rib,  anil  the  tis- 
sues are  divided  down  to  and  including  the  periosteum.  With  the  periosteum 
elevator  the  periosteum  is  freed  from  the  lower  half  of  the  anterior  surface  of 
the  bone,  from  its  inferior  groove,  and  from  the  lower  half  of  the  posterior 
groove,  all  subperiosteally.  Then  a  half  button  of  bone  is  removed  with  a 
rongeur  foiTcps,  care  being  taken  to  insert  the  lower  blade  of  the  rongeur  be- 
tween the  bone  and  its  detached  periosteum.  Finally,  the  periosteal  membrane 
is  incised  directly  over  the  artery.     (Hartley.) 

Abdominal  Aorta. — This  ai-tery  was  first  ligated  by  Sir  Astley  Cooper  in 
1817.  His  patient  lived  forty  hours.  In  1842  Monteiro,  of  Rio  de  Janeiro, 
ligated  this  vessel,  and  his  patient  lived  ten  days.  In  1856  South  operated  on 
a  patient  who  lived  forty-three  hours;  in  1869  Watrous  operated  on  one  who 
survived  five  hours.  In  1899  Keen,  of  Philadelphia,  ligated  this  vessel,  and  the 
patient  survived  the  operation  forty-eight  days.  In  1900  Tillaux  ligated  the 
vessel,  and  the  patient  survived  for  thirty-nine  days.  In  1902  Morris,  of  New 
York,  ligateel  the  abilominal  aorta,  antl  his  patient  sm'vived  fifty-three  hours. 
Out  of  the  fifteen  cases  reported,  eight  succumbed  a  few  hours  after  operation. 
Keen's  case,  at  autopsy,  showed  that  the  aorta  had  ulcerated  at  the  jjoint 
where  the  ligature  had  been  applied,  despite  the  fact  that  he  had  used  four  lai'ge 
silk  sutures.  The  patient  dietl  of  hemorrhage.  Keen  concluded  from  his  ob- 
servations that,  although  a  patient  may  live  after  ligation  of  the  aorta,  the 
aorta  will  eventually  l)e  cut  tlu-ough  by  any  ligature  that  can  be  applied,  be- 
cause of  the  strong  expansile  tug  at  the  point  of  ligation.  Morris,  in  his  case  of 
aneurism,  ligated  the  artery  above  and  below  the  sac  with  rubber  catheters, 
wiiich  he  removcfl  after  twenty-fi^'e  hours.  The  jaatient  died  of  peritonitis  on 
the  third  day  after  operation.  The  autop.sy  showed  an  apparently  satisfactory 
clot  in  the  aneurism.     Although  the  I'csults   of  this  ligature   have  been  uni- 
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fornily  fatal,  tlic  hopos,  moafire  thoiifjh  thoy  are,  wliich  arc  inspired  by  the 
cases  enumerated  above,  |)ionii)t  tiic  giviii'>  of  a  description  of  tiie  teclinique 
of  this  operation.  Two  iiietliods  are  employed  — tlic  transperitoneal  and  the 
retroperitoneal  opei'ation.     Tlie  fii'st  is  (he  more  desirable  method. 

Transperitoneal  Methixi. — A  vertical  incision  four  inches  in  length,  with  its 
centre  on  a  level  with  the  umbilicus,  is  made  slightly  to  the  left  of  the  navel. 
If  the  incision  b{>  ])laced  so  as  to  invade  the  rectus,  additional  reparative  security 
will  be  attained.  Divide  all  the  tissues  through  to  the  peritoneal  cavity  as  in 
any  lapaj-otomy.  Retract  the  small  intestines  and  mesentery  upward  and  to 
the  sides;  and,  with  the  fingers  as  a  guide,  trace  the  artery  upward  from  its 
bifurcation.  It  is  detected  by  its  pulsations.  The  peritoneum  covering  it, 
between  its  inferior  and  its  mesenteric  branch,  is  \'ertiGally  divided,  care  being 
observed  not  to  injure  the  sympathetic  fibres  resting  on  its  anterior  surface. 
The  ligature  is  applied  below  the  inferior  mesenteric  artery.  Heavy,  flat  kanga- 
roo tendon.  No.  4  chromicized  catgut,  or  soft  silk  floss  should  be  the  ligature 
material  used.  The  Ballance-Edmunds  knot  is  available  here.  The  needle  is 
passed  between  the  aorta  and  the  inferior  vena  cava. 

Retroperitoneal  Method. — The  patient  is  placed  on  his  right  side;  the  surgeon 
stands  behind  the  patient  and  u]3on  the  side  of  the  operation.  The  incision 
starts  1.3  cm.  (one-half  inch)  above  Pouijart's  ligament  and  passes  upward 
and  outward,  parallel  to  the  ligament,  to  the  anterior  superior  spine;  and  is 
carried  upw-ard  in  the  cleavage  line  of  the  extei'nal  obli({ue  as  far  as  the  case 
calls  for.  Additional  room  may  be  obtained  by  making  a  right-angle  continua- 
tion of  the  incision,  having  it  run  parallel  to  the  rib.  Incise  the  skin  and  super- 
ficial fascia,  exposing  and  ligating  the  superficial  epigastric  and  branches  of  the 
superficial  iliac  arteries  and  theii'  veins,  and  then  expose  the  aponeurosis  of  the 
external  oblicjue  muscle.  Incise  the  aponeurosis  in  its  cleavage  line,  continuing 
the  incision  upward  antl  separating  the  fibres  of  the  muscles  and  the  fibres  of 
the  internal  oblicjue  and  transversalis  muscles  as  far  upward  toward  the  eleventh 
rib  as  is  necessary.  The  incision  of  the  latter  muscles  corresponds  in  direction 
to  the  separation  of  the  external  obliciue.  The  dorsal  nerves,  as  encountered 
between  the  internal  oblique  and  transversalis  muscles,  are  to  be  carefully 
preserved.  The  deep  circumflex  iliac  artery  and  the  lumbar  arteries  are  likely 
to  be  found  above  the  crest  of  the  ilium.  Divide  the  transversalis  fascia  and 
separate  the  peritoneum  from  the  iliac  fascia,  drawing  it  backward  and  down- 
ward to  the  psoas  muscle,  and  then  upward  to  the  sacral  promontory,  thus 
exposing  the  floor  of  the  iliac  fossa.  We  find  first  the  external  iliac  artery,  then 
the  common  ihac,  and  then  the  deep  epigastric  arteries.  The  external  cutaneous, 
geni to-crural,  and  the  anterior  crural  nerves  and  the  spermatic  arteries  cross 
tills  area.  Tlie  ureter,  opposite  the  first  piece  of  the  sacrum,  oliliquely  crosses 
either  the  common  iliac  or  the  external  iliac  artery,  having  the  ihum  in  front 
of  it  on  the  right  and  the  sigmoid  flexure  of  the  colon  on  the  left.     As  a  rule, 
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howover,  tlic  ureter  adheres  to  the  peritoneum  and  is  tluis  withdrawn  froni  the 
field  ol'  operation.  The  ai'tei'v  luu'ing  l)een  reaelied  l.)y  foilowinj;  up  tlie  eonmiou 
iliae  and  reflecting  back  the  peritoneum  from  the  iliac  fossa,  the  Hgature  is 
jilaeed  in  tlie  same  jiositiou  as  in  the  transperitoneal  method. 

Common  Iliac  Arteries.— The  common  iliac  was  first  ligated  in  1812  by 
A\'.  Gibson,  of  Philadelphia.  A'alentine  Mott.  of  New  York,  in  1S27,  ligated 
the  conmion  ihac  arteries  for  a  case  of  aneurism  of  the  inteinal  iliac  branch 
by  the  extraperitoneal  route.  His  method  is  followed  to-day  and  is,  for 
some,  the  operation  of  choice,  many  others  regarding  the  transiieritoneal 
through  the  rectus  as  the  better.  Ligature  has  been  successfully  api)lied  to  this 
artery  many  times;  nevertheless,  the  mortality  still  remains  high. 

Surgical  Anatomy. — The  common  iliac  arises  from  tlie  bifurcation  of  the 
abdominal  aorta  opposite  the  losver  border  of  the  left  side  of  the  fourth  lumbar 
vertebra.  This  point  corresponds  to  a  line  passing  transveri?ely  through  the 
highest  points  of  the  iliac  crests.  The  arteries  (one  for  each  side)  pass  outward 
and  dowiiward  over  the  body  of  the  fifth  lumbar  vertebra  to  the  edge  of  the 
pelvis,  dividing  opposite  the  border  of  the  sacro-iliac  S}Tichondrosis  into  the 
external  and  internal  iliac  arteries. 

Relations  of  the  Right  Common  Iliac  Artery. — Anteriorly:  tlie  peritoneum,  right 
meter,  ovary  (in  females),  terminal  branches  of  the  superior  mesenteric  artery, 
l)ranchcs  communicating  between  the  sympathetic  and  the  hypogastric  plexus  of 
nerves.  Posteriorly :  right  common  iliac  \ein,  termination  of  the  left  common 
ihac  vein,  beginning  of  the  inferior  vena  cava.  Externally:  inferior  vena  cava, 
right  common  iliac  vein,  termination  of  the  left  common  iliac  vein,  and  the  hypo- 
gastric plexus  of  nerves. 

Relations  of  the  Left  Common  Iliac  Artery. — Anteriorly  :  peritoneum,  small 
intestines,  ureter,  ovarian  artery  (in  females),  branches  communicating  between 
the  sympathetic  and  tlie  hypogastric  plexus  of  nerves,  inferior  mesenteric  artery, 
sigmoid  flexure  and  superior  hemorrhoidal  artery.  Posteriorly:  lower  part  of 
the  fourth  lumbar  vertebra,  fifth  luml)ar  vertelira,  and  the  left  common  iliac 
vein.  Externally:  psoas  mu.scle.  Internally:  left  common  ihac  vein,  hyjjo- 
gastric  plexus,  middle  sacral  artery. 

Results. — Out  of  sixty  cases  reported,  eighteen  resulted  in  recovery.  Of 
this  number  thirty-four  were  operated  on  for  aneurism,  eighteen  for  hemorrhage, 
and  eight  for  malignant  disease.  The  fatalities  were :  twenty-two  for  aneurisms, 
foinleen  for  hemorrhage,  and  six  for  malignant  disease.  Ninety  per  cent 
of  these  cases,  however,  were  done  before  the  aseptic  period. 

Linear  Guide. — Two  transverse  lines  are  drawn  across  the  abdomen — one 
between  the  highest  points  of  the  crests  of  the  ilium,  the  second  between  the 
anterior  superior  iliac  spines.  Then  a  third  line  is  drawn  midway  between  the 
symphysis  pubis  and  the  anterior  superior  ihac  spine  to  within  half  an  inch  of 
the  other  .side  of  the  centre  of  the  first  line.     That  part  of  the  last  line  which 
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lies  between  the  first  two  lines  indicates  (he  position  of  (he  coniiiion  iliue;  and 
that  part  of  the  third  line  which  lies  below  the  second  line  indicates  the  position 
of  the  external  iliac. 

Operations. — Retrojieritoneal  and  (ransverse  ]X'ritoneal  methods. 

Retroperitoneal  Method. — An  obliijiie  incision  is  made  1.3  cm.  (one-half  inch) 
above  and  parallel  to  Poupart's  ligament.  The  incision  extends  to  the  anterior 
.sup(!rior  iliac  spine  and  is  iji-olonged  upward  through  the  cleavage  in  the  external 
obli(iue  mu.scle.  By  separa(iiig  (he  fibres  of  (he  external  obliciue  and  dividing 
the  fibres  of  the  internal  oblique  and  (he  (ransversalis  nmscles,  one  may  readily 
continue  the  ojiening  as  far  up  toward  (he  eleventh  rib  as  may  seem  necessary. 
The  incision  through  the  fibres  of  (he  la(ter  muscles  should  corresjiond  in  direc- 
tion to  the  line  of  separation  of  the  fibres  of  the  external  obfiiiuc.  In  the  higlier 
portion  of  the  wound  the  dorsal  nerves  may  be  met,  and  they  should  be  carefully 
preserved.  After  the  transvcrsalis  fascia  has  been  divided  and  the  ]")eritoneum 
has  been  separated  from  the  iliac  fascia,  the  former  is  pulled  downward  and 
backward  to  the  psoas  muscle,  and  the  floor  of  the  iliac  fo.ssa  is  closed.  The 
conditions  met  with  here  are  the  same  as  thos(>  encountered  in  the  retroperitoneal 
operation  for  the  ligature  of  the  abdominal  aorta.  (See  jmge  50(5.)  The  artery 
having  been  reached  and  separated  from  the  jicritoneuni,  the  needle  is  passed 
between  it  and  the  iliac  vein. 

Transperitoneal  Method. — The  stejis  for  ligature  of  the  left  conunon  iliac  are 
practically  the  same  as  for  ligature  of  the  abdominal  aorta;  the  fibres  of  the 
left  rectus  muscle  being  included  in  the  incision  with  the  view  of  gaining  greater 
reparative  security.  Briefly  stated,  the  right  connnon  iliac  may  be  api:iroached 
through  the  right  rectus,  near  the  linea  alba,  by  an  incision  (four  inches  in  length) 
the  centre  of  which  corresponds  to  a  line  drawn  on  a  level  with  the  crests  of  the 
ilium,  and  the  left  common  iliac  through  an  incision  made  at  the  centre  of  the 
left  rectus  and  corresponding  in  other  respects  to  the  one  just  described.  Special 
care  should  be  taken  to  see  that  the  ureter  is  properly  isolated,  so  that  it  shall 
not  be  injured  liefore  the  peritoneum  is  incised. 

Gexer.\l  Coxsideratioxs. — These  operations  are  attended  with  considera- 
ble danger.  Care  should  be  observed  not  to  puncture  the  iliac  veins,  not  to 
include  the  ureter  in  the  ligature,  and  not  to  injure  the  peritoneum.  Th(» 
patient  should  be  thoroughly  anaesthetized,  so  as  to  retluce  to  a  minimum 
the  chances  of  struggling,  vomiting,  or  coughing  which  would  interfere  with  the 
operation.  The  peritoneum  should  be  hantUed  as  little  and  as  gently  as  is  prac- 
ticable. It  should  be  remembered  also  that  the  vessel  is  at  times  difficult  of 
location  and  that  its  origin  and  course  may  be  abnormal. 

Internal  Iliac  Artery.— This  artery  was  first  ligated  by  Dr.  AV.  Stevens,  of 
Santa  Cruz,  in  1812.  It  is  a  difficult  vessel  to  ligate  because  of  the  relations 
that  the  ureter  and  veins  bear  to  it. 

Surgical  Anatomy. — The  internal  iliac  arterv  arises  from  the  bifurcation 
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of  the  coninioii  iliac,  and  ilosceiuls  into  the  i)c'l\'is  as  far  as  to  the  upper  margin 
of  tiie  great  sacrosciatic  foramen,  dividing  into  anterior  and  posterior  branches. 
It  is  about  4  cm.  (one  inch  and  one-half)  in  length. 

Relations. — Anteriorly:  ijeritoneuni,  ureter:  posteriorly:  external  iliac 
A"ein,  internal  iliac  vein,  ])soas  nuiscles,  lumbosacral  cord,  obturator  nerve,  and 
thesacnun:  externally:  jjsoas  muscle:  internally:  internal  iliac  vein,  ])erit()ncuni. 

Re.sults. — Out  of  seventy-four  cases  reported,  twenty-five  were  fatal.  The 
great  majority  of  fatalities  resulted  from  attempts  to  cure  aneurism  and  to  arrest 
hemorrhage.  By  the  transperitoneal  method  the  results  have  been  fairly  good. 
Out  of  five  cases  operated  on  for  aneurisms,  one  was  fatal.  The  late  Di'.  Pryor, 
of  New  York,  through  a  median  abdominal  incision,  simultaneously  ligated  both 
vessels  for  malignant  disease  of  the  uterus.  Out  of  thirty-four  cases  one  termi- 
natetl  fatally.  Meyer,  of  New  York,  simultaneously  ligated  with  operative  suc- 
cess both  vessels  for  prostatic  enlargement.  As  the  technique  and  control  of 
asepsis  are  being  brought  more  and  more  to  jjerf action,  the  transperitoneal 
instead  of  the  retroperitoneal  becomes  the  method  of  choice.  The  transpei-i- 
toneal  methotl  requires  us  to  prepare  the  patient  in  a  more  thorough  manner; 
it  gives  us  a  better  view  of  the  field  of  operation ;  it  permits  of  the  vessels  beirig 
ligated  higher  up  without  modifying  the  incision ;  antl,  as  the  sac  is  less  disturl)e;l, 
there  is  less  danger  of  hemorrhage  in  operating  on  an  aneurism.  The  possible 
dangers  of  peritonitis  and  shock  are  much  outweighed  by  the  actual  advantages 
over  the  old  method. 

The  chief  dangei-s  in  this  opei'ation  are  from  gangrene  of  the  limb,  peritonitis, 
and  secondary  hemorrhage. 

Prec.\i'tio\s. — These  are  the  same  as  tlujse  noted  in  the  section  devoted  to 
the  external  iliac.     (See  page  514.) 

Operations. — The  internal  iliac  artery  may  be  operated  on  either  by  a 
retroperitoneal  or  l)v  a  transperitoneal  method.  These  operations  are  prac- 
tically the  same  as  those  described  for  the  ligation  of  the  conmion  iliac  artery. 
After  the  common  iliac  has  been  exposetl,  the  internal  is  sought  for  by  following 
it  to  its  bifurcation.  The  linear  guide  is  the  same  as  that  described  under 
ligature^  of  the  common  iliac  artery  (page  507). 

Obturator  Artery. — This  artery  arises,  as  a  rule,  from  the  anterior  division 
of  the  internal  iliac,  but  often  from  the  jiosterior  tlivision.  It  runs  downward 
and  forward  from  Ix-low  the  brim  of  the  pelvis  to  the  upper  end  of  the  obturator 
foramen,  and  divides,  on  its  exit  from  the  foramen,  into  external  antl  internal 
branches. 

Operation. — The  patient  is  supine,  with  the  limb  slightly  abducted  and 
rotated  outward.  The  artery  is  ligated  at  its  exit  from  the  thyroid  foramen.  An 
incision  is  made  vertically  from  a  point  about  2.3  cm.  (three-fourths  of  an  inch) 
intei'nal  to  the  centre  of  Poupart's  ligament,  and  extends  downward.  The  skin, 
the  superficial  fascia,  anil  the  fascia  lata  are  divided.     The  intei'iial  sa])henous 
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voin  is  pullod  outwanl.  The  fascia  over  llu'  pcritdiu'imi  is  incised  just  iiitcniai 
to  tlic  femoral  vein.  The  muscle  is  diawn  inward,  tiius  separating  it  from  the 
pubic  bone  and  from  tiie  fascia  of   tiie  obtiuator  externus.     The  fascia  of   the 

oiilurator  externus  is  then  (H- 
\ided  so  as  to  expose  the  mus- 
cle to  view.  The  upper  border 
of  the  muscle  is  followed  to  tiie 
inferior  margin  of  tlu' obturator 
foramen — to  the  groove  intend- 
ed for  the  vessels  and  the  nerve, 
where  they  are  to  be  found  ly- 
ing, the  nerve  above  and  the 
vein  below. 

Sciatic  Artery.—This  artery 
is  the  larger  of  the  branches 
of  the  interior  trunk;  it  pas.ses 
above  the  sacral  jjlexus  and  the 
pyriformis  muscle  to  the  lower 
jiart  of  the  great  sacrosciatic 
foramen,  where  it  jjasses  out  of 
the  pelvis  on  to  the  buttocks, 
l)eneath  the  gluteus  maxinms 
muscle,  descending  half  way 
between  the  trochanter  major 
and  the  tuberosity  of  the  ischi- 
um.    (Fig.  278,  3.) 

OpEitATiON. — The  patient  is 
jilaced  upon  the  opposite  side 
with  the  knee  flexed  and  the 
thigh  rotated  inward.  The  lin- 
ear guide  is  drawn  from  the 
posterior  superior  iliac  sjiine  to 
the  outer  border  of  the  tuber- 
osity of  the  ischium.  The  in- 
cision, about  10  cm.  (four inches) 
in  length,  should  ci'oss  the 
linear  guide  obliquely  in  the 
direction  of  the  fibres  of  the  glu- 
teus maximus  muscle.  Incise 
the  skin  and  the  fatty  tissue,  and  the  separate  fibres  of  the  gluteus  maximus 
in  their  cleavage  line;  retract  the  divided  margins  upward  and  downward  respec- 
tively, exposing  the  lower  margin  of  the  pyriformis  muscle.     The  artery  Avill 


Tin.  27S. — Anatomioal  Relations  at  tlip  Hack  of  tlio 
TliigU  and  in  tlie  Gluteal  Region.  (After  Testut.)  1. 
Gluteal  artery  and  its  branches;  2,  internal  pudic;  3.  sci- 
atic and  its  branches;  4,  artery  supplying  the  sciatic 
nerve;  5,  .5',  terminal  branches  of  tlie  jiosterior  circum- 
flex; G,  7,  and  S,  first,  second,  and  tliird  perforating 
arteries;  9,  pophteal  artery  emerging  from  tliu  ring 
formed  t)y  the  adiluctors. 
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be  found  emerging  from  beneath  the  muscle;  it  passes  over  tlie  spine  of  the 
ischium  and  lies  posterior  and  external  to  the  pudic  artery. 

Internal  Pudic  Artery.  (Fig.  278,  2.)— This  artery,  which  is  the  smaller  of 
the  terminal  branches,  passes  over  the  pyriformis  muscle  and  the  sacral  plexus 
of  nerves  to  the  lower  border  of  the  great  .sacrosciatic  foramen.  Lying  an- 
teriorly and  to  the  inner  side  of  the  sciatic  artery  it  passes  out  of  the  pelvis 
between  the  coccygeus  and  the  pyriformis  nmscles.  It  crosses  over  the  outer 
surface  of  the  sj^ine  of  the  ischium,  under  the  gluteus  muscle,  and  re-enters  the 
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Fig.  279. — Perineal  Blood-vessels  in  the  Male.  (.After  Testut.)  .1,  Scrotum;  B,  levator  ani 
muscle;  C,  sphincter;  D,  transversus  periniei  muscle;  E,  isrhio-cavcrnosus  muscle;  F,  bulbo-cav- 
emosus  muscle;  G,  bulb  of  the  urethra;  1,  internal  pudic  artery,  accompanied  by  its  two  veins  and 
by  the  nerve  of  the  same  name;  2,  inferior  hemorrhoidal  artery;  3,  superficial  perineal  artery;  4,  deep 
perineal  artery;    5,  muscular  branches;    6,  scrotal  branches. 

pelvis  through  the  lesser  sciatic  notch.  It  then  i:)asses  over  the  obturator 
internus  muscle  and  runs  along  the  external  wall  of  the  ischiorectal  fossa, 
above  the  lower  margin  of  the  tubero.sity  of  the  ischium.  It  is  contained  in  a 
canal  of  the  obturator  fascia.  Approaching  the  lower  l)order  of  the  ischial 
ramus  it  runs  upward  and  forward,  piercing  the  posterior  layer  of  the  deep 
peritoneal  fascia,  running  forward  along  the  inner  border  of  the  ramus  of  the 
pubis,  and  gi\'ing  off  the  artery  of  the  erus  penis  and  the  artery  of  the  bulb. 
Finally,  it  pierces  the  anterior  layer  of  the  deej)  perineal  fascia  as  the  tlorsal 
artery  of  the  i)enis. 
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OpKnATioN. — Tlie  linear  fiuide  is  tlio  same  as  that  for  the  seiatio  artery. 

This  artery  may  be  ligatured  in  either  the  gluteal  or  the  perineal  region. 

Operation  in  the  Perinevm. — The  jiatieiit  is  in  the  lithotomy  position.  The 
p\ulic'  lies  above  and  to  the  inner  side  of  the  scrotal  and  separated  I'nuii  it  by 
the  pudic  nerve.  An  incision  is  begun  about  7.5  cm.  (three  ijiches)  above  the 
inner  border  of  the  tuberosity  of  the  ischium,  and  is  continued  downward  along 
the  inner  edge  of  the  ascending  I'amus  of  the  ischium.  The  skin  and  fascia  are 
divided,  care  being  taken  to  avoid  the  infci-ior  ]>u(len(lal  nerve,  whicli  lies  be- 
neath the  fascia.  The  erector  penis  muscle  is  disclosed  in  the  male;  the  trans- 
vcrsus  perina^i  muscle  is  drawn  downward  and  inward,  and,  when  necessary,  is 
divided.  The  triangular  ligament  and  the  adjacent  parietal  pelvic  fascia  are 
divided,  thus  expt)sing  the  artery.  The  artery  will  be  found  running  forward 
above  the  pubic  nerve  from  the  inner  surface  of  the  obturator  internus  muscle. 
(Fig.  279,  ().) 

Gluteal  Artery.— This  was  fii'st  ligated  by  John  Bell,  in  1801. 

SuKGiCAL  Anatomy. — The  gluteal  artery  is  the  largest  branch  and  a  con- 
tinuation of  the  largest  division  of  the  internal  iliac  artery.  It  descends  back- 
ward between  the  first  sacral  nerve  and  the  lumbosacral  cord,  leaving  the  pelvis 
through  the  upper  side  of  the  sacrosciatic  notch,  in  the  gioove  formed  by  the 
margin  of  the  bone  and  the  pelvic  fascia.  It  divides  under  the  gluteus  maximus 
muscle  into  its  branches.     (Fig.  278,  1.)   . 

Operation.  (Fig.  280.) — The  line  of  the  artery  is  indicated  as  follows:  with 
the  thigh  slightly  flexed  and  rotated  inward,  a  line  is  drawn  from  the  posterior 
superior  iliac  spine  to  the  top  of  the  great  trochanter.  The  junction  of  the 
upper  and  middle  thirds  of  this  line  indicates  where  the  artery  emerges  from 
the  sciatic  notch,  which  is  the  point  of  selection  for  the  operation.  An  incision, 
about  10  cm.  (four  inches)  in  length,  is  made  along  this  line,  the  centre  of 
which  corresponds  to  the  point  where  the  artery  emerges  from  the  sciatic 
notch.  Divide  skin,  superficial  fascia,  and  the  gluteus  maximus.  Incise  the 
muscle  along  its  cleavage  line,  where  a  branch  of  the  crural  artery  will  generally 
be  found  between  the  gluteus  niedius  and  the  pyriformis  nmscles.  Then  divide 
the  fascia  over  the  lower  border  of  the  gluteus  medius,  separate  the  two  last- 
mentioned  muscles  with  retractors,  and  expose  the  upper  margin  of  the  sciatic 
notch  by  running  the  finger  under  the  lower  border  of  the  gluteus  medius.  The 
artery,  with  its  accomimnjing  vein,  and  the  superior  gluteal  nerve  emerge  from 
the  foramen  through  the  upper  portion  of  the  sciatic  notch;  they  lie  between 
the  gluteus  medius  and  the  pyriformis  muscles. 

Externallliac  Artery.— This  artery  was  first  ligated  by  Abernethy,  in  1796. 
Out  of  one  hundred  and  seventy  cases  reported,  one  hundred  and  thirty-four 
ended  in  recovery.  Under  aseptic  precautions  about  eighty-five  ])cr  cent  of 
all  patients  opcratetl  on  should  recover.  The  gi'eatest  number  of  ojjerations 
performed  was  for  aneurisms;  hemorrhage  followed  next,  and  then  tumors. 


LKiATUKE   UF   ARTERIES   AND    \1:L\S. 


513 


Si'RGiCAL  AxATOMV. — The  external  iliac  artery  is  the  larger  of  the  terminal 
branches  of  the  common  iliac.  It  arises  at  the  sacro-iliac  synchondrosis,  tlescends 
oblicjuely  outward  along  the  brim  of  the  ])elvis  fi-om  the  inner  hordci-of  the  psoas 
muscle,  and  then  passes,  midway  Ijetween  the  anterioi-  su]jerior  s|)inc  of  the 
ilium  and  the  symphysis  pubis,  beneath  the  lower  hordci-  of  Poupart's  ligament, 
to  become  the  femoral  artery. 

Relations. — Anteriorly;  peritoneum,  suli])('i-itonr;il  fascia,  termination  of 
the  ilium  on  the  right  side;  sigmoid  flexure  and  colon  on  the  left  side;  genital 
branch  of  the  genitocrural  nerve,  cii-cmnflex  iliac  vein,  spermatic  artery  anil 
vein,  o\'arian  vessels  (in  female),  ui-eter,  vas  defei-ens,  external  iliac.  l\-ni|)hatic 
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Fig.   2S0. — Exposure  of  Gluteal  Artery.      (After  Kochcr.)     a.  Cilutcal  artery:   h,  superior  gluteal 
nerve;  c,  gluteus  medius  inuscle;  rf,  pyriformis  muscle :  e,  gluteus  maximus  muscle. 

ATSsels  antl  nodes.  Posteriori}-;  external  iliac  vein,  inteiuial  hoi'dci-  of  psoas 
muscle,  iliac  fascia.  Internally;  external  iliac  vein,  peritoneum,  \-as  deferens, 
ovarian  vessels  (in  female).     Externally;    jisoas  muscle,  iliac  fascia. 

The  Retrojxritoneal  Method.  (Figs.  2S1  and  282. ) — The  linear  guide  is  the  same 
as  that  for  the  common  iliac.  The  incision  starts  over  the  external  iliac  artery, 
about  1.3  cm.  (one-half  inch)  above  Poupart's  ligament,  and  runs  parallel  to  the 
ligament  as  far  as  to  the  anterior  suj)erior  spine  of  the  ilium.  It  is  then  ])rolonged 
upward  in  the  cleavage  line  of  the  external  oblique  as  far  as  is  necessary.  In- 
cise the  skin  and  the  .superficial  fascia,  exposing  the  aponeurosis  of  the  external 

obli([ue,  and  ligate  blood-\-essels  when  encountered.     Di\'ide  the  aponeurosis  in 
VOL.  IV.— 33 
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its  clciiviii!;!'  lino  as  far  (nwnrd  orlu'vond  llic  aiitci'ior  su])enor  spine  of  llic  ilium 
as  is  necessary  for  easy  inani|iiilation.  lictract  (lie  eut  edjjes  well  apart  and 
separate  the  internal  oblit|iie  from  its  attaehment  to  the  outer  half  of  Poupart's 
lifjamrnt.  The  branches  of  the  iliac,  hypogastric,  and  the  ilioinguinal  nerves 
should  lie  carefully  disjjlaced,  either  upward  or  downward.  Detach  the  trans- 
versalis  from  the  oulci-  part  (if  Poupart's  ligament  and  as  far  l)eyond  as  neces- 
sary, dividing  its  fil)res  ti'ans\-ersely.  Carefully  guard  the  deep  circumflex  iliac 
artery  and  vein  and  the  genitocrural  nerve.  The  transvei'salis  fascia  is  then 
exposed  and  divided  o\'er  the  artery  in  the  same  direction  as  the  previous  in- 


FiG.  281. — Ligature  of  thp  External  Iliac  Artery  on  the  Right  Side.  (After  Farabcuf.)  The 
obliquus  intemns  and  the  transversalis  muscles  are  being  diviiled  along  the  line  where  they  are  a 
attached  to  the  pelvic  bone,  and  their  inferior  border  is  being  pulled  upward  by  means  of  a  retractor, 
in  order  to  expose  to  view  the  deeper  structures.  1,  I',  Cut  edge.s  of  the  aponeurosis  of  the  obhquus 
externus;  2,  inferior  border  of  the  obliquus  internus  and  the  transversalis  muscles;  3,  fascia  transver- 
salis lifted  up  somewhat  at  this  point  by  the  epigastric  blood-\'essels;  *,  place  where  an  opening  should 
be  made  in  the  fascia  transversalis  for  the  purpose  of  gaining  access  to  the  iliac  artery. 

cision.  The  artery  is  carefully  isolated  after  one  has  made  sure  that  the  deep 
epigastric,  the  main  source  of  collateral  circulation,  is  properly  guarded.  Tlie 
peritoneum  is  pushed  backward  and  u])wartl  from  the  ^'essel  and  held  out  of 
the  way  by  retractors;  the  sheath  of  the  artery  is  opened  and  the  needle  is 
passed  from  the  vein  to  the  inner  side  of  the  artery,  care  being  taken  that  the 
anterior  crural  nerve  shall  not  be  included  in  the  ligature.  The  ligature  should 
be  placed  about  one  inch  and  one-ciuarter  above  Poupai  t's  ligament.  The 
divided  muscles  are  united  at  their  .separate  margins  with  buried  catgut  suture. 

Transperitoneal  Method. — This  is  practically  the  same  as  that  which  is  used 
in  the  similar  method  of  exposing  the  common  and  internal  iliac  arteries.  (See 
page  508.)  In  operations  for  aneurism  the  transperitoneal  method  is  preferred 
by  many  to  the  retroperitoneal  method,  because  there  is  less  likelihood  of  in- 
juring the  aiteurismal  sac  or  of  interfering  with  the  deep  epigastric  anastomosis. 
However,  the  extraperitoneal  route  is  an  admirable  way  of  ligating  the  vessel, 
pro\'ided  there  is  room  enough  to  reach  the  artery  without  injuring  the  sac. 

Precautions. — Care  should  be  taken,  in  the  extraperitoneal  method,  not  to 
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injure  tlie  peritonouni,  siiermatic  coid,  iliac  win,  dvvp  epigastric  artery,  circum- 
flex iliac  ^•eill,  or  the  sac  of  the  aneurism. 

Deep  Epigastric  Artery. — Surgical  Anatomy. — This  artery  generally  arises 
from  (he  inner  side  of  the  external  iliac  al)out  (i  mm.  (one-fourth  inch)  above 
Poupart's  ligament.  It  descends  to  Pou|)art's  ligament  and  then  ascends  along 
the  inner  border  of  the  internal  alxhiininal  ring,  passhig  Ijehiml  the  inguinal 
canal  and  .'^lighth'  above  and  external  to  the  femoral  ring;  then  it  continues 
upward  and  in\\"ard  toward  the  umbilicus,  jjassing  between  the  transversalis 
fascia  and  the  peritoneum.     It  courses  from  the  external  abdominal  ring  to  the 


Fig.  282. — Last  Step  in  the  Operation  of  Ligaturing  the  E.xternal  Iliac  Artery  on  the  Riglit  Side. 
(.\fter  Farabeuf.)  1,  1,  1,  1,  Aponeurosis  of  tlie  obliqiuis  externus;  2,  2,  lower  border  of  the  obliquus 
internus  and  transversalis  muscles,  which  ha\'e  been  pulled  upward  out  of  the  way  after  their  external 
:ittachnients  to  the  pelvic  bone  had  been  divided;  3.  3',  fascia  transversalis,  in  which  an  opening  has 
been  established;  at  3'  one  sees  faintly  how  this  fascia  is  lifted  uj)  by  the  underlj-ing  epigastric  blood- 
vessels; the  numbers  4,  4,  are  placed  on  the  peritoneal  cid-de~sac,  wliich  is  being  pulIcLl  u)>ward  by  the 
retractor.  At  the  very  bottom  of  the  wound  may  be  seen  the  external  iliac  artery  (a)  and,  next  io  it 
on  the  inner  side,  the  vein  (r) ;  the  psoas  muscle  (p)  is  masked  by  its  overlying  aponeurosis. 

semilunar  fold  of  Douglas,  and  then  jiasses  U])ward  between  the  rectus  muscle 
and  its  .sheath,  to  enter  this  mu.'^cle  and  anastomo.-^e  with  the  epigastric  branch 
of  the  internal  mammary.  It  is  accompanied  l)y  two  veins.  In  the  loop 
formed  at  Pou]mrt's  ligament  we  find  the  vas  deferens  in  the  male  and  the  round 
ligament  hi  the  female,  passing  on  their  way  to  the  internal  ring. 

Operation. — The  linear  guide  i.s  represented  by  a  line  drawn  midway  be- 
tween the  symjjhy.sis  pubis  and  the  anterior  suj)erior  spine  of  the  ilium  towni'd 
the  umbilicus.  The  vessel  is  u.sually  ligated  near  its  origin.  The  operation 
is  the  same  as  that  for  ligation  of  the  external  iliac  artery  by  the  retroperitoneal 
route,  except  that  the  incision  is  shorter  and  is  carried  down  upon  the  epigastric. 
The  external  iliac  is  exposed  and  its  epigastric  branch  is  sought  for. 

Femoral  Artery.— Out  of  fifteen  patients  operated  on  under  aseptic  precau- 
tions, one  died.     Before  the  a-sejitic  period  about  one  out  of  three  patients  died. 
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John  Hunter,  in   17S.J,  llisl    li.uatt'd 


Fir,.  2S3. — Femoral  Artery  and  Its 
Branches.  (After  Testut.)  1,  Trunk  of 
the  femoral  artery;  2,  femoral  vein,  witli 
(2')  the  lonn;  saphenous  vein ;  3,  crural 
nerve;  4,  subcutaneous  abdominal  artery: 
5,  superficial  external  pudic  artery;  0, 
deep  e.xternal  pudic  artery;  7,  artery  sup- 
plying the  quadriceps  muscle;  S,  jjro- 
funda  artery;  9,  anastomotica  n:iagna 
artery;  10,  superior  internal  articular 
artery;  11,  superior  external  articular  ar- 
tery; 12,  inferior  internal  articular  artery ; 
13,  anterior  tibial  recurrent  artery;  14, 
inferior  external  articular  artery;  15,  ar- 
terial circle  of  the  knee. 


the  \-('ss('l  lor  i)(i|iliti';il  ancinisni,  Dcssault 
appliiMl  l'>ra.^(l()i''s  method  of  pi'oxinial  liga- 
tion in  tiie  case  of  a  popliteal  aneiirisni. 
Cai'noclian,  of  New  "\'ork,  in  1S.")I,  lifiated 
the  \'e.s.<el  for  elephaiitia.sis  Arabuni. 

Surgical  Anato.my. — The  femoral  ar- 
teiT  is  a  continuation  of  the  external  ili;u' 
ai-tery.  It  arises  at  the  knver  boi-der  of 
Poupart's  lioamont,  midway  between  the 
anterior  superior  si)ine  and  the  symyjhysis 
pubis,  and  descends  superficiall}'  along  the 
inner  side  of  the  thigh  to  the  opening  in  the 
adductor  magnus  muscle.  At  the  junction 
of  the  lower  and  middle  thirds  of  the  thigh 
it  passe,s  through  the  canal  of  thi.s  muscle 
to  the  poi)liteal  space,  where  it  becomes  the 
l)0])liteal  artery.  In  its  upper  third  the 
artery  traverses  Scarpa's  triangle  from  its 
centre  to  its  apex ;  in  its  lower  third  it  pass- 
es through  Iluntei'V  canal.  The  vein  lies 
liehinil  and  external  to  the  artery:  and  the 
long  saphenous  nerve  is  external  to  the 
blood-vessels.  The  jiortion  above  the  origin 
of  the  ])rofunda  (one  and  one-half  to  two 
inches  in  length)  is  the  common  fc'iiioral; 
that  below,  the  superficial.  (Plate  XXVIII, 
Fig.  2;  Fig.  2S3.) 

Relations  of  the  Common  Femoral. 
— Anteriorly:  skin,  superficial  fascia,  super- 
ficial inguinal  lymph  node,  iliac  portion  of 
the  fascia  lata,  crural  branch  of  the  geni- 
tocrural  nerve,  circumflex  iliac  vein,  antl 
at  times  the  superficial  epigastric  vein. 
Posteriorly:  the  continuation  of  the  iliac 
fascia  into  the  femoral  sheath,  pubic  por- 
tion of  the  fascia  lata,  psoas  and  pectineus 
muscles,  and  the  capsule  of  the  hip  joint. 
Externally:  the  anterior  crural  nerve.  In- 
ternally: the  femoral  vein. 

Relations  of  the  Superficial  Femo- 
R.\L  Artery  in  Scarpa's  Triangle. — Anto- 
rioi-lv:  skin,  superficial  fascia,  crural  branch 
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of  the  gcnitocrurul  nerve,  internal  eutaneous  nerve,  and  tleej)  faseia.  Posterior- 
ly: femoral  and  profunda  veins,  profunda  artery,  pectineus  and  atlductor  longus 
muscles.  Elxternally:  long  saphenous  nerve.  Internally:  femoral  \'ein.  In 
Hunter's  canal  the  relations  are  as  follows: — Anteriorly:  skin,  superficial  and 
deep  fascias,  sartorius  muscle,  internal  sajihenous  nerve,  and  the  aponeurotic 
roof  of  Hiuiter's  canal.  Postei'iorly:  va.stus  internus  and  adductor  muscles, 
femoral  vein,  which  runs  to  the  outer  side  in  the  lnwej-  part  of  the  canal.  In- 
ternally: above,  the  adductor  l()ngus,  and  hclow,  the  adductor  magruis. 
P^xternally:  vastus  internus,  and  the  femoral  vein  in  the  lower  part  of  the  canal. 

Linear  CJuide. — It  is  represented  bj'  a  line  (h'awn  from  a  point  midway 
between  the  anterior  superior  iliac  spine  and  the  symphysis  pubis  to  the 
adductor  tubercle  of  the  internal  femoral  condyle.  At  the  time  of  drawing  this 
line  the  hip  should  be  slightly  He.\ed  and  the  thigh  abducted  and  rotated  outward. 

Oper.\tion. — The  conunon  femoral  may  be  ligated  at  the  base  of  Scarpa's 
triangle,  but  this  is  rarely  done  because  of  the  proximity  of  the  large  vessels. 
The  operation  of  election  is  ligature  of  the  superficial  femoral  at  the  apex  of 
Scarpa's  triangle. 

(a)  Ligation  of  the  Common  Femoral  at  the  Base  of  Scarpa's  Triangle.  (Plate 
XXMII,  Fig.  2.) — The  artery  is  located  by  its  linear  guide.  The  patient  should 
be  supine,  with  the  hip  slightly  flexed  and  the  thigh  abducted  and  rotated  out- 
ward. The  incision  starts  just  bel<iw  Poupart's  ligament  and  extends  downward 
about  two  inches  along  the  linear  guitle.  (Fig.  283.)  Skin  and  superficial  fascia 
are  divided,  and  care  should  be  taken  to  avoid  the  supci'ficial  arteries  and 
veins.  Divide  the  fascia  lata:  open  and  expose  the  sheath  of  the  vessels,  pre- 
serving the  cnu-al  branch  of  the  genitocrural  nei've,  which  lies  on  the  sheath  a  lit- 
tle external  to  the  artery.  The  femoral  vein  is  to  the  inner  side  of  the  artery,  and 
the  needle  should  be  passed  between  it  and  the  vein,  care  being  taken  not  to 
include  the  anterior  crural  nerve,  which  lies  external  to  the  artery  and  outside 
the  sheath. 

The  vessel  can  be  exposed  in  this  jiosition  by  an  incision  made  just  below  the 
lower  border  of  Poupart's  ligament  and  |)arailel  to  it.  The  incision  previously  de- 
scribed is,  however,  preferable.  The  chief  dangers  fi'om  the  operation  are  gan- 
grene and  secondary  hemorrhage  from  infection.  The  latter  danger  is  best 
avoided  by  ligatingthe  branches  of  the  vessel  contiguous  to  the  site  of  the  opera- 
tion. This  precaution,  however,  increases  the  danger  of  gangrene.  When  possi- 
ble, therefore,  it  is  better  to  ligatc  the  external  iliac  than  to  tie  the  femoral 
in  this  situation. 

{b)  Ligat{(jn  of  the  Super-ficial  Femoral  at  the  Apex  of  Scarjia's  Triangle. 
(Plate  XXVIII,  Fig.  2.)— An  incision,  aliout  7..')  cm.  (three  indie;- 1  in  length,  is 
made  along  the  linear  guitle,  the  centre  of  which  is  located  about  four  inches  be- 
low Poupart's  ligament.  Incise  the  skin,  superficial  fascia,  and  the  fascia  lata, 
ligating  or  drawing  to  one  side  any  branches  of  the  internal  saphenous  vein  met 
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with.  Retract  (lutwai'il  llic  saiicirius  muscle,  wliicli  is  identilieil  l>y  its  fibres 
running  dowuwa.rd  ami  iiiwaid.  The  Imij^  sai)lieiioiis  and  internal  cutaneous 
ner\  es  are  displace(l  IVdni  in  IVimt  of  the  artery  to  one  side.  Clear  the  sheath 
and  open  it,  passin.ii  the  needle  hefwcen  flie  ailery  and  the  \'ein,  which  lies 
behind  and  internal  to  the  forniei-. 

((■)  Ligation  nj  the  Superficial  FciHonil  in  llunlcr'sCanal.  f Mgs.  284  and  285.) 
— This  operation  is  not  often  ])ei'fonned.  The  artery  is  located  by  its  linear  guide. 
The  limb  should  be  rotated  outward,  with  the  leg  fle.xed  upon  the  thigii  and  the 
thigh  upon  the  pelvis.  An  incision,  three  and  one-half  inches  in  length,  is  made 
along  the  guide  over  the  niiildle  thiid  of  the  tliigh.  The  skin,  suj.ierficial  fascia, 
and  fascia  lata  arcdi\'i(led.    ]{etract  inward  the  sartorius  muscle  and  expose  the 


Fig.  284. — Tlie  Canal  of  Iliiiiter.  (After  Farabeuf.)  A  lid-like  flap,  composed  of  skin  and  the 
sartorius  muscle  (c),  has  been  cut  in  the  inner  aspect  of  the  riglit  thigh  and  turned  down  in  such  a 
manner  as  to  expose  the  canal  to  view,  s,  Saphenous  vein  skirting  the  rectus  internus  muscle;  c'  and 
c",  ends  of  the  di\*ided  sartorius  muscle;  a,  vastus  internus  muscle,  with  the  tendinous  aponeurosis 
that  covers  its  fibres;  3,  tendon  of  the  adductor  longus;  2,  adductor  brevis;  a  httle  to  the  left  of  c" 
in  the  picture  will  ^be  seen  an  opening  which  has  been  made  in  Hunter's  canal  for  the  purpose  of  ex- 
posing to  view  the  femoral  artery — tlic  margins  of  the  opening  arc  held  back  by  two  pins.  Farther 
down,  near  c,  the  nerve  may  be  seen  issuing  from  the  canal. 

roof  of  Hunter's  canal  and  incise  it.  The  long  internal  saphenous  nerve  will 
be  found  in  front  of  the  sheath  of  the  \'essels.  Open  the  sheath  and  pass  a 
needle  between  the  artery  and  the  vein. 

While  the  artery  in  this  situation  may  be  located  by  the  linear  guide  de- 
scribed above,  it  is  more  readily  approached  in  the  following  manner:  Flex  the 
thigh  on  the  pelvis,  and  the  leg  on  the  thigh,  and  rotate  the  limb  outward ;  then 
make  an  incision  about  three  inches  in  length  over  the  tendon  of  the  adductor 
magnus,  the  centre  of  which  incision  should  correspond  to  the  junction  of  the 
middle  and  lower  thirds  of  the  thigh.  Hunter's  canal,  covered  by  the  aponeu- 
rotic tissue  forming  its  roof,  is  thus  exposetl.  The  canal  is  carefully  opened, 
the  saphenous  nerve  is  pushed  aside,  and  the  neetlle  is  passed  from  without 
inward,  thus  avoiding  the  femoral  vein  which  in  this  situation  lies  posteriorly 
and  externally  to  the  artery. 

General  Consider.'Vtions. — Occasionally  the  artery  is  double,  though 
forming  a  single  popliteal  artery,  and  occasionally  it  passes  behind  instead  of  in 
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front  of  the  thigh.  In  case  tlie  art(MT  is  ilouhlc.  tho  vessel  first  exposed  will 
be  smaller  than  is  usual,  and  ligature  of  it  will  not  affect  the  distal  circulation 
as  it  should  were  the  vessel  normal.  If  the  artery  cannot  be  found  in  the  front 
of  the  thigh,  it  should  be  searched  for  Ix'hind.  Deep  pressure  usually  locates 
it.  The  vein  at  times  maintains  an  abnormal  rilation  to  it.  The  vein  at  the 
apex  of  Scarpa's  triangle  has  been  found  internal  to  the  artery  and,  in  Hunter's 
canal,  jjosterinr  to  it. 

Profunda  Artery  (arteiia  profunda  femoris). — This  artery  is  the  largest 
branch  of  the  femoral  artery  and  almost  equals  it  in  .size.  It  arises  from  the 
external  and  superior  aspect  of  the  femoral,  about  4  cm.  (one  to  two  inches) 
below  Poupart's  ligament     descends,  first,  externally  to  the  superficial  femoral 


Fig.  285. — Ligature  of  tlic  Femoral  Artery  in  Hunter's  Canal,  (.\fter  Farabcuf.')  Tlie  leg  lias 
been  flexed  and  the  thigh  abducted.  A  longitiulinal  inci.sion  has  been  made  through  the  skin  and 
subjacent  connecti\-e  tissue  over  the  site  of  Hunter's  canal.  The  index  finger  of  the  surgeon's  left 
hand  rests  on  the  tendinous  cord  on  the  inner  side  of  the  thigh.  With  his  right  hand  he  has  intro- 
fluced  the  end  of  the  steel  director  into  the  opening  from  whicli  the  saphenous  nerve  emerges,  and  is 
pushing  it  upward  beneath  the  aponeurosis,  vvliicli  constitutes  the  inner  wall  of  Hunter's  canal. 

and  then  posteriorly  to  the  femoral  artery  antl  vein,  to  the  inner  side  of  the 
femur,  and,  finally,  runs  beneath  the  adductor  longus  and  terminates  at  the 
lower  third  of  the  thigh,  piercing  the  adductor  magnus.     (Fig.  283,  8.) 

Rkl.\tions. — Anteriorly:  near  its  origin,  skhi,  superficial  fascia,  deep  fascia, 
and  branches  of  the  anterior  crural  nerve;  lower  domi,  femoral  and  profunda 
veins;  and  at  its  lowest  portion,  the  adductor  longus  muscle.  Posteriorly: 
iiiacus,  pectineus,  adductor  brevis,  and  adductor  magnus  muscles.  Externally: 
vastus  internus.  Internally:  the  pectineus,  ami  the  angle  of  juncture  of  tho 
adductor  brevis  and  the  vastus  internus. 

Oi'ER.\Tiox. — The  linear  guide  to  the  main  vessel  suffices  for  this  artery. 
The  ligation  is  performed  usually  near  its  origin.    The  patient  is  supine,  with 
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his  limb  oxtciidcd  and  ]>;u-allcl  to  its  IVlldw,  or,  bettor,  slightly  Hexed  and  rotated 
outward.  An  incision  5  or  (i  cm.  (two  or  two  and  one-half  inches)  in  length  is 
niade  in  the  line  of  the  main  artery,  with  the  centre  of  the  inci.sion  about  4  cm. 
(one  inch  and  one-half)  lielow  Poupart's  ligament.  Incise  skin,  superficial 
fascia,  and  fascia  lata;  retract  the  sartorius  and  rectus  muscles,  guarding  the 
branches  of  the  anterior  crural  nerve,  which  are  in  close  relation  with  the  rectus 
muscle.  The  trunk  of  the  common  femoral  will  then  be  exposed.  Its  profunda 
branch  is  sought  for  and  recognizetl  by  its  size,  by  its  course,  which  runs  down- 
ward and  outward,  and  by  the  fact  that  it  is  given  off  from  the  posterior  and 
external  surface  of  the  femoral.  Its  external  circumflex  branch  is  its  first  and 
largest  branch,  and  it  passes  untler  the  rectus  muscle.  When  the  artery  is  freed, 
the  ligature  may  be  passed. 

Popliteal  Artery. — This  artery  is  seldom  ligated  on  account  of  the  difficulty 
of  reaching  it  and  because  the  conditions  that  call  for  its  ligature  are  better 
served  by  ligation  of  the  superficial  femoral  artery.  Of  the  ten  cases  of  ligature 
reported,  three  terminated  fatally.  Of  the  five  patients  operated  on  under  asep- 
tic precautions,  all  recovered. 

Surgical  Anatomy. — The  popliteal  artery  is  a  continuation  of  the  femoral; 
it  extends  from  the  aponeurotic  opening  in  the  adductor  magnus  muscle  down- 
ward and  outward  to  the  centre  of  the  popliteal  space,  and  then  descends  ver- 
tically to  the  inferior  border  of  the  popliteus  nmscle,  where  it  divides  into  an- 
terior and  posterior  tibial  arteries.     (Plate  XXVIII,  Fig.  4;   Fig.  278,  9.) 

Relations. — Anteriorly:  popliteal  surface  of  the  femur,  posterior  ligament 
of  the  knee  joint,  and  the  popliteus  muscle.  Posteriorly :  semimembranosus, 
above;  skin,  superficial  and  deep  fascias,  over  its  centre;  the  internal  head  of 
the  gastrocnemius  and  the  aponeurotic  arch  of  the  soleus,  below.  The  pop- 
liteal vein  lies  posterior  to  the  artery  throughout  its  course,  crossing  it  ob- 
liquely from  the  outer  to  the  inner  side.  The  internal  pojjliteal  nerve  lies 
behind  the  artery  and  vein,  crossing  the  vessels  at  their  centre  from  the  outer  to 
the  inner  side.  Externally :  external  condyle,  biceps,  above :  outer  head  of  the 
gastrocnemius  muscle  and  the  plantaris  muscle,  below.  Internally:  semimem- 
branosus, above,  and  the  internal  popliteal  nerve  and  the  inner  head  of  the 
gastrocnemius  muscle,  below. 

Linear  Guide. — The  line  begins  al)ove  at  a  point  a  little  to  the  inner  side 
of  the  middle  of  the  upper  portion  of  the  popliteal  space  and  passes  tlownward 
midway  between  the  condyles  of  the  femur. 

Operation.  (Plate  XXVUI,  Fig.  4.) — A  vertical  incision  is  made  over  the 
middle  of  the  popliteal  space  behind  the  knee  joint,  care  being  taken  to  avoid 
injuring  the  saphenous  vein  in  the  lower  part  of  the  incision.  The  incision  is 
continued  through  the  areolar  tissue  to  the  inner  side  of  the  popliteal  vein  and 
the  communicans  fibularis  nerve.  The  internal  popliteal  nerve  is  first  encoun- 
tered and  is  drawn  outward,  revealing  the  pojiliteal  rem,  which  is  closely  bound 
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to  the  subjacent  popliteal  arter.y.  Tlie  popliteal  artery  lies  uijon  the  fat  that 
covers  the  femoral  triangle  above  and  the  pophteus  muscle  below. 

Ligating  by  this  method  is  easiest  of  accomplishment  when  the  patient  is 
prone.     If  he  is  supine,  the  thigh  should  be  strongly  flexed  and  rotated  outward. 

Ligature  of  the  Popliteal  from  the  Inner  Side  of  the  TJiigli. — The  patient  is 
supine  and  the  thigh  is  slightly  flexed,  fully  abducted,  and  rotated  outward. 
The  knee  is  flexed  at  a  right  angle.  The  incision,  which  is  about  three  inches  in 
length,  and  which  begins  at  a  point  opposite  the  juncture  of  the  middle  and 
lower  thirds  of  the  thigh,  runs  jmrailel  to,  and  immediately  behind,  the  tendon 
of  tlie  adductor  magnus  muscle.  Divide  the  skin  and  the  superficial  and  decj) 
fascias,  avoiding  the  anterior  branch  of  the  interiil  cutaneous  nerve.  Expose 
and  retract  backward  the  edf^e  of  the  sartorius  muscle  and  the  internal  saphenous 
vein.  Tlie  adductor  magnus  tendon  is  ilrawn  forward  and  the  semimembranosus 
backward,  and  the  artery  will  be  found  lietwecn  these  two  structures  near  the 
bone.  The  popliteal  nerve  and  vein,  being  posterior  to  the  artery,  are  not  as  a 
rule  brought  into  view. 

Anterior  Tibial  Artery.— This  artery  is  the  smaller  of  the  terminal  branches 
of  the  popliteal  and  arises  at  the  lower  border  of  the  popliteus  muscle.  Passing 
forward  between  the  two  heads  of  the  tibialis  posticus  it  ]:)asses  through  the 
opening  in  the  upper  part  of  the  interosseous  membrane,  between  the  tibia 
and  the  fibula,  and  descends  to  the  deep  part  of  the  front  of  the  leg,  first  on  the 
anterior  surface  of  the  interosseous  membrane,  then  on  the  tibia,  and  finally  in 
front  of  the  ankle  joint,  passing  under  the  anti'Hor  annular  ligament,  where 
it  becomes  the  dorsalis  pedis  artery.  It  is  accompanied  by  two  veins. 
Thi'oughout  its  lower  three-fourths  it  is  accompanied  by  the  anterior  tibial 
nerve,  which  lies  external  to  it  except  in  the  middle  of  the  leg,  where  it  slightly 
overlaps  it.     (Plate  XXIX,  Fig.  4.) 

Relations. — Anteriorly:  skin,  superficial  and  deep  fascias,  anterior  tibial 
nerve  (at  its  middle),  tibialis  anticus,  and  the  extensor  longus  digitorum,  above; 
and  the  extensor  proprius  pollicis  muscle  and  the  anterior  annular  ligament, 
below.  Posteriorly:  interosseous  membrane  throughout  its  upper  third;  the 
tibia  and  the  ankle  joint  throughout  its  lower  two-thirds.  Exteriorl}':  the  an- 
terior tibial  nerve  and  the  extensor  longus  digitorum,  above;  and  the  extensor 
proprius  hallucis,  throughout  its  middle  third.  Internally:  the  tibialis  anticus 
throughout  its  upper  two-tliirds.  The  extensor  iiroiirius  hallucis  crosses  the 
lower  jjart  of  the  artery. 

LiXEAR  Guide. — The  linear  guide  is  a  line  extending  from  the  heael  of 
the  fil)ula  to  a  point  midway  between  the  malleoli. 

Opekatioxs. — The  artery  may  be  ligated  in  its  upper,  its  middle,  or  its 
lower  thirrl. 

Ligation  of  the  Upper  Third. — The  incision  is  carried  downward,  along  the 
linear  guide,  for  a  distance  of  three  inches.    Divide  the  skin  ami  the  superficial 
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and  (Ici'p  fa.seias,  exposing  tlic  outer  ('(If^c  of  the  tciulinous  ori<.':iii  of  the  til)ialis 
antifus  tiuisclc,  which  corrc.sjjoiKls  to  the  iiitcnmiscular  space  between  the 
tiliialis  auticus  and  tlie  extensor  longus  digitoruni.  The  space  is  widened  by 
the  tinger  or  the  handle  of  the  scal]jel  down  to  the  interosseous  menibi'ane, 
through  which  the  artery  passes  from  Ijehind  foi'ward  about  one-lialf  inch  Ix-iow 
the  head  of  the  fibuhi.  The  anterior  tiljial  nerve  does  not  reacli  the  artery  liere; 
it  joins  it  from  the  outer  surface  of  tlie  extensor  longus  digitorum.  Tlu;  artery 
and  the  attendaiit  veins  he  u])on  the  interosseous  membrane.  If  tlie  veins  can- 
not be  separated  from  tlie  arteiy  without  too  nuicli  (_lamage,  they  may  be  in- 
cluded in  the  ligature.  Ligaturing  at  this  situation  is  tedious  and  tlifhcult  and 
should  not  be  attempted  unless  demanded. 

Ligation  of  the  Middle  Third. — An  incision,  3  cm.  (a  little  more  than  one  inch) 
in  length,  is  made  externally  to  the  anterior  edge  of  the  tiliia,  along  the  furrow 
at  the  outer  border  of  the  tibialis  anticus  musck'.  The  skin  and  fascia  are 
divided,  the  fascia  here  being  represented  by  a  white  line,  anil  the  interval 
lietween  the  tibialis  anticus  muscle  on  the  one  hand,  and  the  extensor  longus 
digitorum  anil  the  extensor  proprius  hallucis  on  the  other,  is  widened  down  to 
the  interosseous  membrane,  upon  which  will  be  found  the  artery  between  the 
muscular  fibres  of  the  tibialis  anticus  and  the  extensor  proprius  hallucis.  The 
anterior  tibial  nerve  lies  anterior  to  the  artery.  The  operation  will  be  facili- 
tated by  Hexing  the  foot. 

Ligation  of  the  Lower  Third. — An  incision,  from  f)  to  7. .5  cm.  (two  to  three 
inches)  in  length,  is  made  along  the  outer  edge  of  the  tendon  of  the  tibialis 
anticus  muscle,  the  centre  of  the  incision  corresponiling  to  the  centre  of  the 
lovrer  thiril  of  the  leg.  The  incision  is  made  bi'tween  the  tendons  of  the  tibialis 
anticus  and  the  extensor  proprius  hallucis  muscles.  After  the  skin  and  the 
strong  fascia  have  been  divided,  and  the  foot  flexed,  the  tendon  of  the 
extensor  proprius  hallucis  is  exposed  and  drawn  outward.  The  finger  is 
now  passed  down  toward  the  external  surface  of  the  tibia  until  it  encoun- 
ters the  anterior  tibial  nerve,  just  external  to  the  tendon  of  the  tibialis  anticus 
muscle. 

Dorsalis  Pedis  Artery.— This  arter}-,  which  is  a  continuation  of  the  an- 
terior tibial,  extends  from  the  bend  of  the  ankle  to  the  first  intermetatarsal 
space,  traversing  the  foot  along  its  tibial  side.  At  the  interspace  it  passes 
into  the  sole  between  the  two  heads  of  the  first  dorsal  interosseous  muscle, 
to  become  the  communicating  artery. 

Surgical  Anatomy. — The  relations  of  the  artery  are  the  following:  An- 
teriorly: skin,  superficial  and  deep  fascias,  annular  ligament,  extensor  proprius 
hallucis,  the  innermost  tendon  of  the  extensor  brevis  digitoi'um;  posteriorly: 
astragalus,  scaphoid,  and  internal  cuneiform  bones,  and  the  ligaments  of  the 
first  and  second  metatarsals;  externally:  the  innermost  tendon  of  the  extensor 
longus  digitorum   above   the  anterior  tibial  nerve,  and  the  innermost   tendon 
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of  the  extensor  lirevis  digitorum  below  this  nerve;  internally:  extensor  proprius 
hallucis.     (Fig.  286.) 

LiNE.\R  Guide. — Tliis  is  a  line  running  from  a  point  midway  between  the 
malleoli  to  the  upper  end  of  the  first  interosseous  space. 

Operatiox.   (Fig.  286.)— The  dorsalis  pedis  artery  may  be  ligated  at  the 
dorsum  of  the  tarsus,  and  its  dorsal 
extension  (the  dorsalis  hallucis)  at 
the  first  interosseous  si)aco. 

Li(/ation  at  the  Dorf^uiv.  of  the 
Tarsii.'^. — The  skin  is  divided  longi- 
tudinally, beginning  below  the  an- 
nular ligament  midway  between  the 
malleoli,  by  an  incision  2.5  to  5 
cm.  (one  to  two  inches')  in  length. 
The  internal  l)ranch  of  the  muscu- 
locutaneous nerve  is  found  rmming 
in  the  direction  of  the  incision  and 
is  drawn  outward.  The  deep  fascia 
is  divided  and  the  innermost  ten- 
don antl  the  nuiscular  fibres  belong- 
ing to  the  extensor  brevis  digitorum 
are  drawn  ilownwai'd  and  outward, 
exposing  to  view  the  artery  which 
lies  upon  the  tarsal  ligaments.  The 
anterior  tiliial  nerve  lies  external 
to  the  artery.  The  artery  is  ac- 
companied by  two  veins.  Care  should 
be  taken  not  to  ojien  the  .sheaths 
of  the  tendons.  This  operation 
should  not  invade  the  anmdar  liga- 
nu'nt  unless  it  is  absolutely  neces- 
sary. 

Ligation  id  llic  First  I nterosseotis 

Space.— The  incision  is  made  through  ^'''-  2SG.-Ligature  of  the  Dorsalis  Pedis  Artery. 

(After  Koeher.)     a,   Musculocutaneous  nerve;  b,  ex- 
thc    skin     and    fa-scia,     between     the      temal  longus  hallucls  tendon;  c,  first  dorsal  Interossc- 

bases   of   the    first    and    second  met-      """^   muscle;   </,    external    brevis    hallucis   muscle;    r, 

external    brevis    digitalis    muscle;    /,    anterior   tibial 

alarsal  Ixnies.     The  internal  branch     „erve;  g,  dorsalis  pedis  artery, 
of  the  musculocutaneous  nerve,  and 

the  uiternal  saphenous  vein,  are  drawn  outward  and  guarded.  The  artery, 
with  the  cutaneous  termination  of  the  anterior  tibial  nerve  lying  upon  it,  is 
fouiul  emerging  from  under  the  innermost  tendon  of  the  extensor  brevis  digi- 
torum.    This  tendon  should  be  retracted  outward. 
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Posterior  Tibial  Artery. — Tliis  artci-y  is  the  larger  <•!'  Ilic  tcrininal  divisions 
of  the  popliteal  artery.  It  extends  from  the  lower  border  of  the  popliteus  mus- 
cle deeply  down  the  inner  side  of  the  back  of  the  leg  to  midway  between 
the  til)  "f  the  internal  malleolus  and  the  os  calcis,  at  which  point  it  divides 
into  external  and  internal  jiianlar  branches.  It  is  accomjumied  liy  two  veins. 
The  posterior  tibial  nerve  crosses  the  artery,  from  its  outer  to  its  inner  sur- 
face, about  2.5  to  4  cm.  (one  to  one  and  one-half  inches)  below  the  internal 
Ijorder  of  the  jiopliteus  muscle;  then  descends  along  its  external  aspect.  (Plate 
XXIX,  Fig.  5.) 

Relations. — Anteriorly:  tibialis  posticus,  flexor  longus  digit;irum,  tibia, 
internal  lateral  ligaments  of  the  ankle  joint:  posteriorly:  skin,  superficiail 
fascia,  gastrocnemius,  soleus,  deep  intermuscular  fascia,  and  posterior  tibial 
nerve.  Its  lower  third  is  superficial,  being  covered  only  ))y  skin  and  super- 
ficial fascia.  Externally,  it  is  related  to  the  posterior  til)ial  nerve  along  its 
lower  three-fourths;  internally,  to  the  posterior  tibial  nerve  along  its  upper 
fourth.  At  the  ankle  joint  the  artery  lies  under  the  internal  annular  ligament 
and  the  abductor  hallucis,  resting  upon  the  internal  lateral  ligament  of  the 
ankle  joint.  The  tibialis  posticus  and  the  flexor  longus  digitorum  are  anterior 
to  it,  and  the  posterior  tibial  nerve  and  the  flexor  longus  hallucis  are  posterior 
and  external  to  it. 

Linear  Gl'ide. — This  is  represented  by  a  line  drawn  from  a  ])oint  5  cm. 
(two  inches)  below  the  centre  of  the  popliteal  space  to  a  point  midway  lietween 
the  tip  of  the  internal  malleolus  and  the  tuberosity  of  the  os  calcis.  The  ui)per 
portion  curves  slightly  inward  from  this  line. 

Operations. — This  artery  may  be  ligated  in  its  ui)per,  its  middle,  or  its 
lower  third. 

Ligature  in  Its  Upper  TliinI,  Ahore  the  Origin  of  Its  Peroneal  Bnuidi. — The 
incision,  which  is  about  7..")  cm.  (three  inches)  in  length,  and  is  made  in  a  down- 
ward direction,  begins  at  the  level  of  the  head  of  the  fibula,  three  finger-breadths 
below  the  ))opliteal  crease.  Divide  the  skin  and  fascia,  and,  in  dividing  the 
latter,  be  careful  to  draw  the  short  saphenous  vein  and  the  comniunicans  tibiahs 
nerve  outward.  The  Une  of  juncture  of  the  heads  of  the  gastrocnemius  are 
sought  for,  and  the  tendinous  raphe  is  divid(Hl.  The  large  vessels  and  nerves 
which  supply  the  heads  of  the  gastrocnemius  are  drawn  aside.  The  soleus 
muscle  is  found  beneath  the  outer  head  of  the  gastrocnemius,  extending  ob- 
liquely downward  and  inward;  and,  resting  upon  it,  is  tlic  slender  tendon  of  the 
plantaris  muscle,  which  runs  in  a  similar  direction.  In  order  to  make  it  easier 
to  reach  the  posterior  tibial  artery  the  edge  of  the  soleus  should  be  drawn  down- 
ward or  nicked  transvei'sely.  The  posterior  tibial  vein  and  nerve  should  be 
drawn  outward,  and  the  needle  then  passed  around  the  artery. 

Ligation  of  the  Middle  Third.  (Plate  XXIX,  Fig.  5.)— An  incision,  about  7.5 
cm.  (three  inches)  in  length,  is  made  along  the  linear  guide  parallel  with  and 
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posterior  to  the  intenial  boi-iler  of  the  tibia,  alono;  its  rniddh'  thii'il.  Iiieisc 
skin.  su])crtieial  and  deep  fascias,  guarding  the  internal  saphenous  vein  and 
ner\-e:  retraet  outward  the  edge  of  the  gastroeneniius  and  divide  the  soleus 
from  its  attaehment  to  the  tibia  and  retract  it  outward:  then  divide  the  in- 
termuscular fascia,  exposing  the  flexor  longus  digitoi-um.  Follow  this  muscle 
until  about  oiijiosite  the  external  border  of  the  tibia.  The  following  struct- 
ures will  l)e  encountered  in  the  order  enumerated: — the  internal  accompany- 
ing vein,  the  posterior  tibial  artery,  the  external  accompanying  vein,  the  [jos- 
terior  tiliial  nerve.  These  vessels  and  the  nerve  will  be  found  between  the 
tibialis  po.sticus  and  the  flexor  longus  digitorum.  The  knee  and  foot  should 
be  flexed  in  order  to  relax  these  structures,  anil  the  needle  should  be  passed 
between  the  artery  and  the  nerve.  If  the  accomiianying  veins  cannot  be 
separated  from  tlir  artery  without  injuring  tlicni  they  may  be  included  in  the 
ligature. 

Ligature  of  the  Lover  Third. — An  incision,  5  cm.  (two  inches)  in  length,  is 
made  midway  between  the  inner  border  of  the  tibia  and  the  inner  border  of 
the  tendo  Achillis.  An  incision  is  made  in  the  line  of  the  artery  with  its  cen- 
tre over  the  lower  third  of  the  leg.  Incise  down  to  and  through  the  deep 
fascia  which  binds  the  flexor  tendons,  and  the  artery  will  be  found  between 
the  flexor  longus  digitorum  and  the  flexor  longus  hallucis.  It  is  surrounded 
by  its  vena'  comites,  with  the  posterior  tibial  nerve  external  to  it. 

Ligation  Behind  the  Inner  MaUeohis.  (Plate  XXIX,  Fig.  3.) — A  curved 
incision,  about  o  cm.  (two  inches)  in  length,  is  made  midway  bctw'een  the  internal 
malleolus  and  the  tuberosity  of  the  os  calcis.  Divide  the  annular  ligament  over 
the  vessel,  and  in  the  space  between  the  flexor  longus  digitorum  and  the  flexor 
longus  hallucis  will  be  found  the  artery  surrounded  by  its  vena'  comites,  with 
the  nerve  lying  against  its  external  svu-face.  Cai'e  should  be  taken  not  to  open 
the  sheatlis  of  the  tendons. 

Peroneal  Artery. — This  artery  arises,  in  the  upper  third  of  the  leg,  from 
the  posterior  til)ial  artery.  Its  course  is  indicated  by  a  line  continued  down- 
ward from  the  popliteal  artery  along  the  inner  Ijorder  of  the  posterior  surface 
of  the  fibula. 

Relation's. — Anteriorly:  tibialis  posticus  and  the  aponeurosis  between 
the  tibialis  posticus  and  the  flexor  longus  hallucis:  posterioi-ly:  the  soleus 
and  the  flexor  longus  hallucis;  externally,  the  fibula  and  the  flexor  longus 
haflucis;  internally,  the  flexor  longus  hallucis. 

Operation's. — The  linear  guide  for  ligaturing  the  vessel  is  represented  by 
a  line  drawn  from  the  posterior  border  of  the  head  of  the  fibula  to  a  point 
midway  between  the  external  malleolus  and  the  tendo  Achiilis.  The  artery 
may  lie  ligated  either  in  the  upper  or  in  the  lower  ])art  of  the  leg. 

Ligation  in  the  Upper  Part  of  the  Leg. — After  the  foot  has  been  extended 
an  incision,  7.5  cm.  (three  inches)  in  length,  is  made  parallel  to  and  just  back 
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of  the  [jo.'^tcrior  yurface  of  llie  fibula,  hcliiml  the  prroiicus  lougu.s  muscle. 
Divide  skin  and  superfifial  fascia,  exposing  and  drawing  to  one  side  the  com- 
municans  (ihulai'is  nerve:  llicn  di\ide  the  dcej)  fascia  licliind  tlir  pcrnncus 
muscle.     Detach  the  soleus   from   its  fibular  origin  and   from   the  glistening 

tendinous  fascia  covering  the  flexor  longus 
hallucis,  which  rests  upon  the  posterior  surface 
of  the  bone.  The  dissection  is  continued  deeply 
between  the  bone  and  the  flexor  longus  hallucis 
until  the  ol)li(|ue  internal  border  is  reached, 
and  the  artery  will  be  found  just  previous  to 
its  entering  the  body  of  the  muscle. 

Li<i(tli(in  ill  the  Ldinr  II/ilj'  of  the  Leg. — An 
incision  having  the  same  direction  and  length  as 
that  described  for  ligature  in  the  upper  j^art  of 
the  leg,  is  made  over  the  lower  half  of  the 
arter)'.  Divide  the  tissues  df>wn  to  the  outer 
border  of  the  soleus  muscle,  and  draw  the  latter 
inward,  thus  exposing  the  flexor  longus  hal- 
lucis covered  by  a  tendinous  fascia.  Separate 
the  latter  muscle  from  its  posterior  fibular  at- 
taclunent,  and  at  the  outer  border  of  the  tibialis 
li<)sticus  muscle  the  arteiy  will  be  found. 

External  Plantar  Artery.— This  is  the  larger 
of  the  terminal  branches  of  the  posterior  tibial 
artery.  It  arises  at  the  ankle  joint,  just  be- 
neath the  internal  annular  ligament,  and  passes 
oblicjuely  forward  and  outward  from  the  inner 
ankle,  across  the  sole  of  the  foot,  to  the  base  of 
the  fifth  metatarsal  bone,  where  it  curves  in- 
ward and  forward  to  the  beginning  of  the  first 
interosseous  space.  At  the  latter  point  it  anas- 
tomoses with  the  communicating  branch  of  the 
dorsalis  pedis  artery,  forming  the  plantar  arch. 
(Fie:.  287.) 


Fig.  287. — Distribution  of  the  Arte- 
ries in  the  Plantar  Region.  (.\fter 
Testut.)  1,  Posterior  tibial;  2.  calca- 
neal braneh  of  the  posterior  tibial;  3, 
internal  plantar;  4,  external  plantar; 
5,  plantar  arch,  with  (.5')  one  of  the 
perforating  branches;  6,  6,  cligital 
branches;  7,  internal  collateral  of  the 
big  toe;  8,  external  collateral  of  the 
little  toe;  9,  9,  the  other  collateral 
branches  of  the  toes. 


Rel.\tioxs.  —  Superiorly:  os  calcis,  flexor 
accessorius,  flexor  minimi  digiti;  inferiorly:  skin,  superficial  and  plantar 
fascias,  abductor  hallucis,  flexor  brevis  digitorum,  and  the  abductor  minimi 
digiti.  The  ai'tery  lies  Ijetween  the  flexor  brevis  digitorum  and  the  abductor 
minimi  digiti.  It  is  accompanied  by  venie  comites  and  by  the  external  plantar 
nerve. 

Oper.\tiox.s. — The  artery  runs  in  a  line  drawn  from  midway  between  the 
internal  malleolus  and  the  tuberosity  of  the  os  calcis  to  the  fourth  toe.    An  in- 
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cision,  which  starts  immediately  in  front  of  the  heel,  and  which  is  about  G  cm. 
(two  and  one-half  inches)  in  length,  is  made  along  the  guiding  line.  This  incis- 
ion should  extend  to  and  include  the  plantar  fascia;  and  between  the  adjacent 
edges  of  the  flexor  brevis  digitorum  and  the  abductor  minimi  digiti  will  be 
found  the  artery. 

The  artery  may  also  be  ligated  at  its  origin.  In  this  case  the  incision,  about 
a  finger's  breadth  beneath  and  anterior  to  the  sustentaculum  tali,  is  made 
horizontally  backward  along  the  lower  border  of  the  foot,  above  the  prominence 
of  the  abductor  hallucis  muscle.  Divide  the  tissues  down  to  the  above-named 
muscle,  which  is  exposed  and  drawn  downwai'd  from  the  subjacent  deep  fascia. 
Divide  the  latter,  and  the  artery  will  be  found  just  oi)[)osite  to  a  line  let  fall 
from  the  posterior  border  of  the  inner  malleolus.  The  posterior  tibial  nerve 
lies  just  below  the  artery. 

Internal  Plantar  Artery.  (Fig.  287.) — This  artery  is  the  smaller  of  the  ter- 
minal branches  of  the  }:)Osterior  tibial.  It  passes  forward  and  along  the  inner 
side  of  the  sole  to  the  first  interosseous  space,  where  it  anastomoses  with  the 
fifth  plantar  digital  branch  of  the  comnumicating  branch  of  the  dorsalis  pedis 
artery. 

Relations. — The  artery  lies  between  the  abductor  hallucis  and  the  flexor 
brevis  digitorum,  and  toward  the  end  it  is  covered  only  by  skin  and  fascia. 

Oper.\tioxs. — Ligation  at  its  origin  is  the  same  as  the  operation  for  ligation 
of  the  external  jjlantar  artery  at  its  origin.     (See  above.) 

Ligation  in  the  Sole  of  the  Foot. — The  linear  guide  is  represented  by  a  lino 
drawn  from  the  inner  border  of  the  heel  to  the  great  toe.  An  incision,  about 
6  cm.  (two  and  one-half  inches)  in  length,  is  made  along  the  line  of  the  artery, 
down  thi'ough  the  strong  plantar  fascia,  and  the  artery  will  be  found  between 
the  adjacent  edges  of  the  flexor  brevis  digitorum  and  the  abductor  hallucis. 

Plantar  Arch. — Rel.\tioxs. — This  is  covered  by  skin,  superficial  and  plan- 
tar fascias,  flexor  brevis  digitorum,  the  tendons  of  the  flexor  longus  digitorum, 
the  lumbricales  muscle::,  branches  of  the  internal  plantar  nerve,  and  the  ad- 
ductor hallucis  muscle.  The  arch  rests  on  the  interosseous  muscle  and  the 
second,  third,  and  fourth  metatarsal  bones. 

Operatiox. — The  line  of  the  arch  runs  from  the  base  of  the  metartasal  bone 
of  the  second  toe  to  that  of  the  little  toe.  An  incision,  about  6  cm.  (two  and 
one-half  inches)  in  length  and  following  a  backward  and  outward  direction, 
is  made  along  the  guiding  line.  Incise  the  skin,  fatty  tissue,  and  the  plantar 
fascia ;  se[3arate  and  draw  apart  the  tcntlons  of  the  flexor  brevis  and  flexor  lon- 
gus digitorum  muscles:  draw  outward  toward  the  little  toe  the  internal  plantar 
nerve.  Then  the  long  flexor  tendon  of  the  first  lumbrical  muscle  and  the  short. 
flexor  tendon  of  the  second  toe  are  drawn  f)utward,  exposing  the  strong  adductor 
hallucis  muscle.  Cut  through  this  nmscle,  and  the  artery  will  be  found  at  the 
first  interosseous  space,  where  it  joins  the  dorsalis  ]iedis.    The  artery  rests  upon 
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the  interosseous  muscle.  'I'his  vessel  need  not  lie  liv;;ite(l  except  lo  ancst  lieui- 
orrhage  from  direct  injury,  when  it  is  tied  in  the  wound  at  liolli  ends.  'l"o  ol)\i- 
ate  secondary  heniori-ha<iC  in  this  locality  it  is  usual  tn  li.iiale  the  nearest  collat- 
ci'al  hi'anches. 


III.    INTERMEDIATi:   LKIATIOX,  ( )R  I.ICATT'RE  EN  MASSE. 

As  a  rule,  ligature  en  rmiNse  is  restricted  to  the  control  of  ])arenchynia- 
tous  hemorrhage  such  as  comes  from  capillary  oozing,  or  from  inaccessible 
sources.  It  is  performed  by  entering  a  needle  fully  curved  and  threaded  with 
catgut  to  one  side  of  the  site  of  the  hemorrliage  and  passing  it  more  or  less 
completely  around  the  area  of  bleeding  or  around  the  vessels  supplying  the 
part  with  blood.  The  needle  should  emerge  close  to  the  point  of  entrance,  and 
the  bleeding  surface  should  be  controlled  liv  tying  tlie  ligature  until  all  hem- 
orrhage stops.  In  hemorrhage  from  a  large  area,  several  ligatures,  each  of 
them  taking  in  a  part  of  the  vascular  supjjly  of  the  bleeding  surface,  may  be 
employed.    Enough  ligatures  should  be  used  to  secure  comijlete  luemostasis. 

IV.  LIGATURE   OF  \EINS  IN   THEIR  CONTINUITY. 

General  Considerations. — Surgery  of  the  venous  system  is  still  in  an  un- 
satisfactory state,  liut  (hu'ing  recent  years  it  has  taken  a  long  step  forward. 
Reports  upon  the  work  clone  on  the  great  venous  trunks,  delivered  before  the 
French  Congress  of  Surgery-  held  in  Paris  in  Octfilier,  190(i,  demonstrate  the 
advance  made  in  this  important  surgical  tield.  Lejars'  remarkable  report 
of  operations  perforaied  on  the  large  venous  trunks  shows  clearly  the  rapid 
strides  the  modern  surgeon  is  making  in  the  preservation  of  vascular  permea- 
bility in  injuries  of  the  great  venous  trunks.  Up  to  within  a  short  time  agO' 
this  field  lay  beyond  the  jmle  of  surgery.  The  frequency  and  gravity  of  the 
septic  thrombus  forliade  general  interference.  Even  the  ligature  which  a  woimd 
of  a  vein  demanded  was  considered  undesirable  if  not  hazardous.  But  with 
more  definite  knowledge,  aseptic  methods,  improved  operative  technique,  and 
knowledge  of  the  healing  i)roi)erties  of  serous  membranes,  a  form  of  conserv- 
ative surgery  is  fast  bringing  us  to  a  realization  of  the  number  of  lives  that 
can  be  saved  by  the  utilization  of  means  justified  li\'  modern  investigation. 
Before  the  aseptic  period,  operations  upon  veins  were  dangerous,  not  only  because 
of  hemorrliage  and  air  embolisms,  but  also  because  of  the  frequency  with 
which  fatal  complications — such  as  phlebitis,  septic  thrombosis,  and  pyaemia 
—occurred. 

Operative  Technique. — In  operations  upon  the  veins  the  same  general 
precautions  should  be  observed  as  those  which  have  alreadj-  been  reconnnended 
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in  the  section  relating  to  operations  upon  the  arteries.  Ligature  may  be  per- 
formed either  for  the  permanent  or  for  the  temporal'}-  arrest  of  the  circulation 
of  the  blood  in  the  continuity  of  the  vein.  In  permanent  ligatures  of  the  veins 
for  hemorrhage  doul)Ie  ligatures  must  be  ajjplied — one  ligature  on  each  side 
of  the  wound — and  care  should  be  taken  to  see  that  no  anastomosing  branch 
comnumicates  with  the  wounded  vein  between  the  ligatures.  If  such  an  anas- 
tomosing branch  be  found,  it  also  will  have  to  be  ligated  in  order  to  prevent 
secondary  hemorrhage. 

For  the  purposes  of  ligature  plain  or  chromicized  catgut,  ranging  in  size 
from  No.  00  to  No.  3,  serves  best.  In  cases  in  which  the  ligature  of  necessity 
has  to  be  placed  close  to  the  divided  end  of  a  large  vein,  and  when  there  is 
danger  that  it  may  sli].),  twisted  silk  should  be  used  instead  of  catgut.  AMien 
a  vein  is  to  be  su.tured,  a  No.  00- or  an  No.  0-sized  silk  ligature,  which  just  tits 
the  eye  of  the  needle,  .should  be  employed.  Schede  uses  fine  catgut,  claiming  for 
it  the  atlvantage  that  when  it  swells  it  better  occludes  the  hole  in  the  vein 
made  by  the  needle.  In  the  suturing  of  veins  the  sutures  should  be  place<l 
close  together  and  as  close  to  the  lijjs  of  the  wound  as  is  possible.  The  wound 
should  be  closed  with  a  hem  suture  and  care  should  be  taken  to  see  that  the 
edges  of  the  wouniled  ^■cin  tlo  not  turn  in.  By  observing  this  precaution  we 
avoid  narrowing  the  lumen  of  the  vein  and  the  chances  of  thrombosis  are  thus 
lessened. 

\.    LIGATION   OF   INDRTDUAL   VEINS. 

In  describing  the  operations  foi'  ligatvu'e  of  indix'idual  veins  we  shall  consider 
only  the  larger  trunks.  Injuries  of  the  portal  \'ein,  of  the  vena>  cavie  (when 
wounded  at  the  level  of  or  aliove  the  i-enal  veins),  and  of  the  brachioceiihalic 
trunk,  necessitate  suturing,  and  will  be  dealt  with  later.  Descriptions  of  the 
operations  on  the  other  veins  will  be  confined  to  the  larger  vessels,  as  the  ligation 
of  the  smaller  ones  calls  for  no  special  description. 

Ligation  of  the  Internal  Jugular  Vein. — Gross  r(>ports  forty-three  cases  of 
ligation  of  the  internal  jugular,  with  but  four  fatalities.  The  four  patients 
died  of  secondary  hemorrhage.  Zaufal,  in  1880,  first  brought  to  the  attention 
of  the  profession  the  fact  that  sinus-phlebitis,  treated  by  trephining  the  mastoid 
process  and  ligating  the  internal  jugular  vein  when  it  is  the  seat  of  thrombosis, 
is,  in  a  large  percentage  of  cases,  successful.  In  1896  Hessler  reported  eighty- 
eight  cases  of  sinus-phlebitis  of  the  sigmoid  fossa.  In  these  cases  the  lateral 
sinus  was  evacuated  seventy-six  times  and  the  intei-nal  jugular  was  ligated 
thirty-two  times.  Of  this  number,  thirty-two  terminated  fatall>-.  Macewen 
reported  twenty-eight  cases  with  but  eight  deaths;  Rohrbach  reported  ninety- 
one  cases  with  fourteen  deaths,  thirteen  of  which  were  due  to  infection  (most 
of  them  occurring  in  preaseptic  times).  Only  one  death  was  attributable  to 
vol,.  IV. — 34 
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t'irculutory  cluuiges,  tiltliough  nine  cases  liad  slight  circulatory  distui-baiiccs, 
such  as  lateral  oedema  of  the  face,  headache,  and  loss  of  ])U]Mllary  reflexes. 
Dangel  I'c-ports  three  cases  of  death  due  to  circulatory  cerebral  distui'hances 
following  unilateral  ligation  of  the  \i'in.  In  two  of  these  cases  death  was 
caused  by  the  presence  of  small  anomalous  internal  jugular  veins  of  the  oppo- 
site side. 

Oi'KRATiON. — Tlir  vciu  is  exposed  by  !Ui  incision  made  along  the  anterior 
margin  of  tlie  sternomastoid  muscle  as  far  down  the  neck  as  is  necessary.  It  is, 
as  a  nde,  ligated  on  a  level  with  or  just  above  the  hyoid  bone.  The  extent  of 
the  thrombosis  or  seat  of  injury  definitely  decides  how  low  the  vein  should  be 
ligated.  The  vein  is  locatetl  after  the  skin,  the  superficial  fascia,  and  the  ])latys- 
ma  have  been  dix-idcd,  and  after  the  sternomastoid  muscle  has  been  retracted 
outwai'd;  it  lies  external  to  the  carotid  beneath  the  deep  fascia. 

Jones,  in  The  British  Medical  Juurnal  for  1906,  interposes  the  following 
objections  to  the  ligation  of  the  internal  jugular  vein  in  otitic  pya'mia:  First, 
the  other  jugular  vein  may  be  small  (anomalous),  in  which  case  the  ligature 
would  result  in  oedema  of  the  brain.  Second,  a  reverse  current  through  the 
inferior  })etrosal  and  the  posterior  condyloid  veins  maj'  occur,  and  in  this  way 
spreading  of  the  infection  may  take  place.  Third,  there  is  danger  of  wound- 
infection.  As  to  the  second  objection,  it  may  be  stated  that  post-mortem 
examinations  show  that  infection  may  take  })lace  along  the  same  route  even 
without  ligation.  The  third  objection  loses  much  of  its  force  when  it  is  remem- 
bered that  the  tissues  are  usually  already  infected  before  the  operation. 

Ligation  of  the  External  Jugular  Vein.— When  this  vein  requires  ligating, 
as  the  results  of  a  wound  or  of  infection,  the  condition  is  so  obvious  that  a 
preconceived  method  of  exposing  it  is  not  necessary.  Ligature  of  this  vein 
leads  to  no  bad  after-effects.  (See  the  article  on  Surgical  Diseases  and  Wounds 
of  the  Ear,  in  Vol.  V.) 

Ligation  of  the  Innominate  Vein.— Injuiies  of  this  vein  that  necessitate 
suturing  or  the  application  of  a  ligature,  are  no  longer  necessarily  fatal.  Stab- 
wounds  of  this  vein  have  been  sutured  and  the  patient  has  recovered.  Perfect 
results  have  also  attended  suturing  of  this  vein  after  it  has  been  injured 
during  the  removal  of  tumors.  Goldman  (Lancet,  1906,  Vol.  I.,  p.  82) 
rc])orts  two  cases  of  successful  ligation  of  the  innominate  vein — one  on 
a  patient  affected  with  intrathoracic  tubercidous  goitre,  antl  the  other  in  a 
case  of  secondary  epipleural  abscess  following  costal  caries.  No  circulatory- 
disturbance  followed  either  of  these  operations.  Then  the  author  goes  on  to 
say:  "My  most  remarkable  experience  has  been  the  following:  A  woman, 
thirty-four,  suffered  from  chi-onic  miliary  tuberculosis.  I  traced  its  origin 
to  a  suppurating  lymphatic  gland,  which  had  invaded  the  bulb  of  the  jugular 
vein.  In  excising  the  gland  copious  hemorrhage  resulted  from  a  wound  of  the 
vein.     Suture  and  lateral  ligature  were  ineffective.    Only  after  tying  the  com- 
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mon  jugular,  the  subclavian,  and  iiuiuininatc  veins  was  I  able  to  arrest  the  bleed- 
ing. Not  the  slightest  circulatory  trouble  resulted.  No  abnormal  veins  were 
seen,  and  the  circulation  righted  itself  at  once." 

Brohl  (Centralblatt  fiir  Chiriirgic,  189G,  j).  408)  reports  the  following  case: 
A  woman,  aged  fifty-two,  presented  herself  with  a  small  tumor  situated  above 
the  left  ehniele.  It  was  hard,  of  the  size  of  a  walnut,  and  presumably  malignant 
in  character,  and  it  seenietl  to  proceed  from  the  left  jugular  vein.  As  a  fir.st 
step  Brohl  ligated  the  common  jugular  above  the  tumor,  and  on  examining  the 
latter  he  found  that  it  was  cjuite  extensively  in  relation  with  the  subclavian 
and  innominate  veins.  He  therefore  sawed  thi-ough  the  clavicle  and  ligated 
first  the  subclavian  and  then,  after  detaching  the  growth  from  its  bed,  the 
innominate.  Then  he  drew  the  ends  of  the  clavicle  together  and  tamponed 
the  wound.  The  tmnor  was  found  to  be  a  melanosarcoma.  No  symptoms 
referable  to  the  ligation  occurred  at  or  after  the  operation,  not  even  cedema  of 
the  left  arm;  and  four  months  afterward  the  patient  presented  only  a  slight 
enlargement  of  the  superficial  veins  of  the  left  half  of  the  breast. 

Kocher,  in  the  last  edition  of  his  Operative  Surgery  ("Chirurgische  Opera- 
tionslehre,"  Jena,  1907,  pp.  239  and  240),  says  that  in  those  cases  in  which, 
during  the  progress  of  an  intrathoracic  siu-gical  operation,  it  is  not  found  possi- 
ble to  arrest  the  bleeding  by  a  simple  tamponade,  the  operator  need  not  hesi- 
tate to  apply  ligatures  to  either  the  right  or  the  left  innominate  vein,  and  also 
at  the  same  time  to  the  neighboring  veins  which  pour  their  blood  into  it.  It  is 
understood,  of  course,  that,  in  order  to  accomplish  this,  he  v^'ill  very  often  find 
it  necessary,  as  a  preliminary  measure,  to  lift  up  temi)orarily  the  clavicle,  to 
excise  portions  of  the  first  and  second  ribs,  or  to  make  a  lid-hke  opening 
through  the  manubrium  sterni.  He  refers  briefly  to  the  successful  cases  of 
Jordan,  Ricard,  Brohl,  Goldmami,  Heinecke,  Bardenheuer,  and  Plueckers,  in 
most  of  which  no  unpleasant  or  alarming  symptoms  followed  the  closure  of 
these  large  veins. 

Ligation  of  the  Subclavian  Vein.— Ligation  of  this  vessel  should  be  re- 
sorted to  only  where  the  conditions  are  imperative.  In  injuries  to  this  vein 
the  hemorrhage  should  be  controlled  if  possible  by  suture  or  by  lateral  ligation. 
After  the  vessel  has  been  ligated  the  collateral  circulation  is  readily  established, 
provided  that  the  circulation  is  otherwise  normal  and  that  no  thrombus  forms 
at  the  site  of  ligation.  Injuries  of  this  vein  alone  are  unconmion,  as  the  vein 
is  protected  by  the  clavicle.  In  gunshot  and  stab-wounds  the  artery  and  nerve 
are  usually  injured  at  the  same  time.  Klemm  reports  a  case  of  a  stab-wound 
of  the  vein  below  the  clavicle,  with  recovery  after  lateral  ligation.  According 
to  Goldmann  (Beitrcige  zur  klin.  Chirurgie,  1905,  XLMI.,  p.  172),  ligation  of  the 
subclavian  vein  has  been  practised  with  good  results.  He  mentions  the  fact 
that  gangrene  did  not  follow  in  a  single  one  of  the  four  cases  in  which  Choljzow 
ligated  the  subclavian  vein.     In  two  of  the  cases  there  was  transient  (edema  of 
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the  rorrcspoiidiiiii  iinii,  .■iml  in  nil  llici'c  was  a  hardy  i'('('n<i;jiizal>li'  ilrjiicc  of 
cviuiosis.  In  the  casi'  updii  wliicli  he  liiinsclf  operated,  the  facte  vvito  as  follows: 
A  man,  forty-four  years  of  a,^e,  had  extensive  caries  of  the  rihs  on  the  right 
side.  In  the  iiianiiiiillary  line  there  was  a  fistula  tliat  extended  lo  the  third 
ril).  It  was  laiil  open,  as  was  also  a  large  tuberculous  retro-niainniaiy  al)scess 
that  extended  upward  as  far  as  the  suiiraclavicular  border.  Portions  of  the 
second  and  third  ribs  were  resected,  and  the  lining  membrane  of  the  abscess 
was  removed.  In  the  course  of  this  woi'k  a  passage  was  found  which  led,  below 
the  chu'icle,  to  tlie  tubei-cle  of  Lisfranc  on  the  first  rib.  The  latter  bone  was  found 
to  be  diseased  throughout  a  distance  of  fully  4  cm.  (one  and  one-half  in. ).  In  the 
course  of  the  resection  whicli  the  finding  of  this  condition  necessitatctl,  the  sub- 
clavian vein  was  wounded.  It  was  therefore  ligatvn-ed  in  two  places,  and  divided 
between  th(>  ligatures.  Closure  of  the  wound,  with  di'ainage.  No  disturbance  of 
the  circulation  in  the  arm  followed  the  operation,  and  the  external  wountl  healed 
kindly.  The  patient  was  seen  again  at  a  much  later  date,  and  no  evidences  of 
any  mifavorable  result  of  the  ligation  could  l»e  discovered.  In  a  case  of  double 
ligature  of  the  subclavian  vein  rejiorted  by  J.  C.  Warren,  of  Boston,  consider- 
able swelling  of  the  arm  followed  tlie  opei-ation,  l)ut  it  soon  subsided  under 
maintenance  of  absolute  rest,  and  the  patient  regained  the  entire  use  of  the 
arm.  A  numl)er  of  (ither  instances  might  be  cited  from  siu'gical  literature,  but 
these  are  sufficient.  A  noticeable  feature  in  all  of  these  reports  is  the  absence 
of  any  mention  of  gangrene,  of  air  embolism,  or  of  the  development  of  sepsis 
following  the  thrombosis  of  the  vein.  Modern  aseptic  and  antiseptic  technique 
is  doubtless  to  be  credited  with  these  favorable  results. 

Ligation  of  the  Axillary  Vein.. — Injuries  of  this  vein  are  n.mch  less  frequent 
than  are  injuries  to  the  artery.  \'eins  are  injured  usually  as  a  result  of  operative 
procedures,  such  as  the  removal  of  diseased  axillary  lymph  nodes,  especially 
when  the  vein  is  embedded  among  them.  The  ^•ein  may  also  become  the  seat 
of  thrombosis  as  a  result  of  contusions  produced  by  ojierations,  fractures,  dis- 
locations, and  wounds. 

When  the  vein  is  injured  below  the  entrance  of  the  cephalic,  ligation  is  a 
comparatively  harmless  procedure,  the  only  result  being  a  slight  stasis  in  the 
arm,  which  disappears  spontaneously  or  after  elevation  and  bandaging  of  the 
extremity;  but,  when  the  injury  is  located  higher  up,  ligation  is  a  more  serious 
matter,  as  the  collateral  circulation  is  insufficient.  The  vein  is  exposed  through 
the  same  incision  as  that  which  is  used  for  exposing  the  artery;  the  vein  is 
found  in  front  of  the  artery. 

The  pubhshed  records  contain  many  instances  of  the  successful  ligation  of 
the  axillary  vein.  One  of  the  most  recent  is  that  reported  liy  Richard  R.  Smith, 
of  Grand  Rapids,  Mich.  (Annals  of  Surgery,  Vol.  XXXIX..  1904,  p.  757).  In 
this  case  there  was  made  accidentally,  in  the  course  of  an  operation  for  the 
removal  of  a  cancerous  breast,  a  transverse  cut  in  the  axillar}'  vein.    In  length 
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this  cut  iiL\-()lv('(l  about  (luc-tliinl  of  the  circuuiffreuce  of  tlic  A'ciu.  A  catgut 
ligature,  complete!}'  occluding  the  lumen,  was  at  once  placeil  above  and  below 
the  defect,  and  the  operation  on  the  breast  was  continued.  No  circulatory 
disturbance  of  any  kind  was  afterward  noted,  and  reports  of  a  similar  character 
are  made  by  practii'ally  all  the  surgeons  who  have  published  theii-  exijerience 
with  regard  to  the  o{)eration  of  ligaturing  the  axillary  vein.  Similar  results 
ha\'e  followed  ligature  in  two  instances  practised  by  Bryant. 

Ligation  of  the  Brachial  Vein.— This  calls  for  no  particular  comment. 
The  indications  for  the  ligation  of  this  vein  are  the  same  as  those  which  call 
for  ligation  of  veins  in  genei'al,  antl  the  vein  may  be  exposed  through  the  same 
incisions  as  those  whicli  are  used  for  exposing  the  brachial  artery.  (See  page  500.) 

Ligation  of  the  Inferior  Vena  Cava.— Lejars  reports  six  cases  of  ligation 
of  this  vein,  with  four  recoveiies.  Jacobsthal,  in  1905,  collected  three  cases 
of  ligation  of  this  vein.  The  first  was  jierformed  by  Schede,  in  1888,  the  second 
by  Manteufel,  and  the  third  jjy  Garre.  Houzel  reports  a  case  of  ligation  of 
this  vein  just  below  the  renal.  In  this  case  it  was  found,  after  the  lapse 
of  four  years,  that  perfect  accommodation  of  circulation  had  taken  place. 
(\unston  reports  cases  operated  on  by  Luecke,  Bottini,  and  Heresco,  with 
three  recoveries.  In  two  cases  the  vein  was  ligated  just  below  the  renal. 
Cumston  observes  that  in  these  three  cases  there  was  either  a  tumor  or  a  pus 
pocket  pressing  on  the  inferior  vena  cava,  so  that  the  collateral  circulation  was 
already  somewhat  developed  before  the  operation  was  performed.  Ligation 
of  the  vena  cava  above  the  level  of  the  renal  veins  is  not  permissible,  by  reason 
of  the  fact  that  it  invariably  results  in  death;  in  injuries  to  the  vein  in  this 
situation,  such  as  are  caused  dui-ing  operations,  the  wound  should  be  sutured. 

Ligation  of  the  Superior  Vena  Cava. — So  far  as  I  am  able  to  learn,  this 
vein  has  never  been  successfully  ligated. 

Ligation  of  the  Femoral  Vein  (below  Poupart's  ligament).— The  old  teach- 
ing was  that  ligation  of  this  vein  was  apt  to  be  followed  by  gangrene  of  the  leg, 
as  an  adequate  anastomosis  was  supposed  to  be  more  theoi'etical  than  real. 
The  theory  was  that  the  valves  prevented  a  backward  flow  of  the  blood  into 
the  venous  system.  Braun,  however,  has  shown  experimentally  that  these 
valves,  in  about  eighty  per  cent  of  all  experiments,  give  way  under  a  pressure 
of  from  145  to  160  mm.  of  mercury.  This  pressure  corresponds  to  the  arterial 
pressure.  Verneuil,  Karmisson,  von  Mass,  von  Bergmann,  Braun,  and  Lossen 
soon  proved  clinically  the  correctness  of  this  statement.  Franz  reports  fifty- 
four  cases  of  ligation  of  the  femoral  vein  with  but  two  instances  of  gangrene. 
One  of  these,  that  of  Roux,  was  performed  before  the  days  of  asepsis:  the 
second  case  revealed,  at  the  time  of  operation,  the  presence  of  a  clot  that  ex- 
tended into  the  common  iliac  vein,  thus  precluding  the  possibility  of  collateral 
circulation.  In  slight  wounds  of  this  vein  complicated  by  severe  hemoi'rhage 
and  by  weak  heart  action,  suturing  is  to  be  preferred  to  ligation.     If  secondary 
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heinorrluif^e  I'olknvs  .suture  ov  latcial  ligation,  (loul)l('  ligation  is  called  for. 
Fear  of  air  eiitpring  the  vein  ami  causing  jnilinonary  einlKilism  is  unfounded. 
This  occurs  only  in  wounds  iieai'  (he  heart,  ^\'hen  the  femoral  artery  a.s  well 
as  the  femoral  vein  is  ligatod,  the  chances  tiiat  an  adequate  collateral  circulation 
will  be  established  are  much  lessened,  as  the  condition  and  position  of  the  valves 
of  the  collateral  veins  hinder  the  free  return  of  the  blood  to  the  heart.  Braun 
has  shown  by  experiment  that  the  common  femoral  vein  usually  transmits 
all  the  lilood  to  the  alxlomen.  However,  in  the  extirpation  of  tumors  neces- 
sitating the  ligation  of  this  vein,  no  bad  results  follow.  This  is  believed  to  be 
due  to  the  fact  that  the  pressure  of  the  tumor  causes  the  gratlual  establishment 
of  the  collatei'al  circulation.  Later  observations  and  experiments  have  proved 
that  the  femoral  vein  can  be  ligated  without  pi'oducing  gangrene  even  in  the 
absence  of  tumors.  The  vein  is  exposed  through  the  same  incision  as  that  used 
for  exposing  the  artery.  After  the  operation  the  limb  should  be  suspended 
vertically  so  as  to  aid  in  overcoming  the  resistance  exerted  by  the  valves,  espe- 
cially those  of  the  obtui-ator  and  the  circumflex  iliac  veins.  Simultaneous  liga- 
tion of  the  artery  and  vein  results  in  gangrene  in  from  forty  to  fifty  per  cent 
of  all  cases.  In  ligation  of  the  artery  and  vein  necessitated  tluring  the  extir- 
pation of  tumors  the  chances  of  gangrene  are  somewhat  lessened — viz.,  according 
to  Kegeyama's  statistics,  to  about  thirty-nine  per  cent  of  all  cases. 

Ligation  of  the  Internal  Saphenous  Vein.  —  Ligation  of  this  vein  is  of 
particular  imi^ortance  because  of  the  frequency  with  which  it  becomes  varicose. 
A  great  many  operations  have  been  devised  for  the  cure  of  varicosities  of  this 
vein,  and,  while  many  of  them  are  followed  by  apparent  cures,  the  results  as  a 
whole  are  not  entirely  satisfactory.  In  the  majority  of  operations  the  veins 
ligated  are  superficial  ones  and  multiple,  and,  although  the  ligation  does  away 
with  the  pressure  of  the  blood  cokmin  u))on  them,  it  acts  in  no  way  on  the  deep 
veins  which  in  no  small  measiu-c  determine  the  development  of  superficial  vari- 
•cosities  through  their  insufficiency  and  disease.  Trendelenburg,  in  1891,  pub- 
Ushed  the  report  of  his  method  of  controlling  varicose  \'eins  of  the  lower 
'extremities. 

Trendelenburg's  Operation. — The  saphenous  vein  is  exposed  by  a  longi- 
tudinal or  by  a  transverse  incision  at  the  juncture  of  the  upper  and  middle 
thirds  of  the  thigh.  The  vein  is  ligated  and  divideil  between  two  ligatures,  or, 
better  yet,  the  ligatures  may  be  placed  sufficiently  far  apart  to  permit  of  the 
removal  of  about  one  inch  of  the  vein.  Many  surgeons  advocate  ligating  the 
vein  just  below  its  junction  with  the  femoral,  in  order  to  avoid  the  possibili- 
ties of  unusually  high  branching.  Otherwise  each  branch  would  have  to  be 
ligated  separately.  In  well-selected  cases  this  operation  affords  prompt  relief, 
and,  while  at  first  it  is  almost  always  satisfactory,  it  does  not  always  establish 
a  permanent  cure,  as  recurrences  not  infrequently  take  place.  The  following 
list  gives  some  idea  of  the  amount  of  relief  claimed  for  this  operation : 
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Authority.  Cases. 

Holtzmann 22 

Perthes 87 

Lenzner 98 

Harz 56 

Ramsay 52 

Gaedeke 55 

Tentschinski 21 


Percentage 

of  Apparent 

Cures. 

81.81 

78.05 

56. 

87.5 

75. 

80.7 

67. 


(The  .subject  of  varicose  veins  of  the  leg  will  be  more  extensively  dealt  with 
under  the  head  of  Surgical  Diseases  of  the  Heart  and  Blood-Vessels,  in  Vol.  VI.) 

V.   VARIOUS  OPERATIVE   PROCEDURES  UPON  VEINS. 


Lateral  Ligation  of  Veins.— By  lateral  ligation  of  veins  (Fig.  288)  is  meant 
the  application  of  ligatures  to  the  walls  of  veins  for  the  purpose  of  closing 
wounds  of  the.se  vessels  without  obliterating  their  lumens.  This  procedure  has 
been  advocated  for  the  purpose  of  preserving  the  wounded  veins  of  large  size, 
such  as  the  external  jugular,  subclavian,  axillary,  femoral,  inferior  vena  cava, 
etc.  The  experiments  performed  byMariotti  ("  La  Chirurgia  della  Vena,"  1906) 
prove  that  lateral  ligature  is  useful  in 
all  those  cases  in  which  the  wound  does 
not  exceed  a  few  millimetres  in  length, 
be  the  wound  parallel  to  the  axis  of 
the  vessel  or  not.  Wountls  of  seven 
or  eight  millimetres  in  length  must  be 
parallel  to  the  axis  of  the  vessel,  as 
otherwise  lateral  ligature  would  involve 
a  too  considerable  reduction  of  the  lu- 
men of  the  vessel.  As  a  general  rule,  it 
may  be  stated  that  vessels  tied  in  this 
manner  must  preserve  at  least  one-half 
of  their  original  calibre.  The  application 
of  lateral  ligature  under  other  condi- 
tions renders  the  liability  to  secondary 
hemorrhage  very  great.  This  is  due 
to  the  fact  that  the  ligature  is  apt  to  slip  in  consequence  of  the  traction  exerted 
upon  it  l)y  tlie  venous  walls.  This  accident  is  especially  likely  to  happen  in 
ligature  of  veins  with  very  thick  walls,  such  as  the  inferior  vena  cava.  Trans- 
verse wounds  of  veins  are  especially  suited  to  this  form  of  ligature  because  of 
their  tendency  to  gape  widely. 

Operatiox. — First  control  the  hemorrhage;    then  bring  the  vein  well  into 
the  field  of  operation  and  seize  its  wounded  lips  with  a  single  bite  of  a  pair  of 


Fig.  288. — Lateral  Ligation  of  a  Vein;  Liga- 
ture being  Applied  to  Wounded  Wall,  wliich  is 
lield  outward  and  puckered  by  means  of  forceps. 
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dissecting  forceps.  Draw  tlieni  outward  from  the  walls  of  the  vein  in  the  form 
of  a  small  cone,  and  tie  the  vein  around  the  base  of  the  cone  with  fine  chromi- 
cized  catgut  or  fine  twisted  silk.  As  the  ligature  is  about  to  be  tightened,  tension 
upon  the  cone  should  be  rela.\ed  in  mdcr  lo  throw  the  walls  of  the  cone  into 
folds.  A  reef  knot  is  generally  used.  Many  surgeons  make  a  third  loop  of  the 
ends  of  the  ligature  in  order  to  [irevent  any  untwisting  of  the  ends  of  the  knot 
tlu'ough  traction  of  the  walls  of  the  vein,  and  many  ]:)refer  silk  to  catgut  because 
there  is  less  likelihood  of  its  sHpping  or  untying. 

Braun  reports  the  following  cases  of  lateral  ligature: 

NuniliiT  Recov-  -r^     ^i 

p  ^,  .  Deatlis. 

V  EiNS.  of  Cases.  enes. 

Internal  jugular 12  9                      3 

External  jugular 1  1 

Subclavian 1  1 

Axillary 5  5 

Femoral 8  2                      6 

The  three  deaths  following  ligation  of  the  internal  jugular  were  due  to 
secondary  hemorrhage.  Five  of  the  six  deaths  following  ligation  of  the  femoral 
vein  were  due  to  pyannia. 

Temporary  Ligation  of  Veins  and  Ligation  of  Veins  en  Masse. — These 
operations  are  practically  the  same  as  those  described  on  page  528. 


MINOR   SURGERY. 

By   RUSSELL  S.   FOWLER,   M.D.,   Brooklyn,  N.  Y. 


SURGICAL   DRESSINGS. 

The  preparation  and  sterilization  of  the  instruments,  ligature  and  sutiu^e 
materials,  textile  fabrics,  gloves,  gowiis,  and  other  agents  used  in  connection 
with  surgical  procedure;  also  the  disinfection  of  the  skin,  as  well  as  tlie  general 
principles  underlying  the  treatment  of  wounds,  have  already  been  considered  in 
Vol.  I.  (p.  691).  In  the  article  on  "  Wounds  of  the  Soft  Parts,"  in  \o\.  II.  (p.  605), 
suitable  surgical  dressings  have  been  described.  There  remain,  however,  a  few 
other  surgical  dressings  of  a  general  character  which  should  be  briefly  described. 

Dressings  are  used  for  preventing  and  overcoming  infection,  and  they  .should 
be  employed  so  as  to  contribute  to  the  local  and  general  comfort  of  the  patient, 
securmg  rest  and  proper  cleanliness  of  the  parts  involved. 

Gauze. — Gauze  forms  an  ideal  dressing,  the  expense  alone,  especially  in 
hospital  use,  interfering  with  prodigal  outlay.  However,  gauze  dressings  once 
soiled  may  be  washed,  rcsterilized,  and  used  again,  but  only  on  infected  surfaces. 

Oakum.— Oakum  carefully  fluffed  and  made  into  pads  with  gauze,  then 
sterihzcd  and  bound  in  place,  on  infected  sup]wrating  surfaces,  is  a  cheap  and 
effecti\-e  dressing. 

Collodium. — Collodium,  simple,  flexible,  or  styptic,  serves  a  valuable  pur- 
pose in  minor  surgical  matters.  Slight  incisions,  limited  abrasions,  etc.,  of 
sterile  character  and  in  which  bleeding  has  ceased,  may  be  treated  effectively 
with  collodium  alone  or  combined  with  sterile  a]:)sorbent  cotton  or  ^\^th  gauze. 
In  either  instance  the  contiguous  integument  slioukl  lie  thoroughly  clean.sed, 
the  wound  carefully  dried,  and,  perhaps,  the  borders  approximated  to  eacli  other 
before  the  agent  is  applied.  Tlie  application  is  made  by  means  of  a  camel's- 
hair  pencil,  the  textile  fabric  being  introduced  from  time  to  time  as  the  putting 
on  progresses.  Several  layers  of  cither  tissue  (absorbent  cotton  or  gauze)  may  be 
mingled  with  the  collodium,  and  the  area  coAcred  may  thus  be  much  extended. 
Iodoform  and  other  medicaments  are  sometimes  mixed  with  the  collodium, 
but  Uttle  if  any  advantage  can  be  claimed  for  these  combinations.  Tlie  presence 
of  fluid  beneath  this  dressing  is  suggestive  of  present  or  impending  infection  and 
ought  to  prompt  its  quick  removal,  absorptive  dressing  being  ^uployed  instead. 

Adhesive  Plaster.— Adhesive  plaster,  especially  that  in  which  zinc  oxide  is 
incorporated,  can  be  utihzed  in  place  of  collodium  in  the  dressing  of  trivial 
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wounds.  The  strips  can  l)c  ijiiilc  will  stcrilizrd  by  passing  llicni,  tlic  adhesive 
side  down,  over  the  flame  of  a  spirit  lani]i.  But,  before  they  are  applied,  the 
tenii)erature  of  the  reverse  sidr  slinuld  he  tested,  to  ohviate  l)hstering  tlie  part. 
If  the  ends  he  turned  under  h)r  a  distance  of  a  quarter  of  an  inch  or  so,  and  tlie 
surfaces  stuck  togetlier,  the  strij)s  can  lie  the  more  readily  rai.sed  and  witli  les.s 
annoyance  to  tlie  jiatient  than  if  the  ends  be  directly  aiiplied  to  the  skin. 
Adhesive  plaster  is  also  an  admirable  agent  with  which  to  confine  dres.sings  in 
place  and  to  exercise  pressui'e  on,  and  cnntrol  the  circulation  of,  a  part  or  the 
whole  of  a  limb.  When  employed  foi-  these  ]iur]ioses  it  shoukl  l)e  applied  in 
accordance  with  the  principles  that  i-egulate  ])roper  bandaging  of  the  part,  thus 
giving  to  the  strapped  and  bandaged  limbs  similar  appearances,  especially  as 
regards  the  s|)iral  and  imbricated  arrangements  of  the  dressings.  Over  discharg- 
ing wounds,  adhesive  plaster  may  be  applied  in  narrow  strips,  thus  affording 
ample  oi)portunity  for  the  discharges  to  escape  into  the  absorbent  coverings 
that  should  be  present  in  these  cases. 

Green-Silk  and  Rubber-Tissue  Protective. — The.se  are  u.seful  agents  in 
dressing  dry  wounds  of  limited  extmt.  Ihit,  when  employed  over  extended 
surfaces,  they  inteifere  with  eva].)orati(jn  and  correspondingly  macerate  the 
tissues-,  and  they  thus  facilitate  the  development  of  infecting  agencies.  Wien 
however,  cither  of  these  agents  is  applied  in  tlie  form  of  narrow  strips,  imljri- 


Fio.  280. — Green-Silk  Protective  Strapping  for  Skin  Grafting  and  Raw  Surfaces. 


cated  or  not,  as  in  skin-grafting  (Fig.  2S9)  and  ])lood-clot  organization  (Schede), 
equitable  temperature  is  maintainiMl  and  free  escape  of  discharges  into  super- 
imposed absorbent  dressings  is  promoted.  Rubber  tissue  yields  readily  to  the 
influence  of  overwarni  or  hot  fluids  and  is  often  awkward  to  manage  when  in 
contact  with  either.     Conseciuently  it  is  of  less  practical  use  than  the  green  silk. 
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TAMPONADES  AND  DRAINS. 

For  ^■aginal  tamponade,  lamb's  wool  is  employed :  as  a  tampon  for  a  wound, 
gauze  is  used.  Drainage  strips  are  of  various  widths,  the  edges  being  turned  in 
and  hemmed.  A  graduated  tamponade,  a  pyramid  built  up  of  different-sized 
layers  of  gauze,  is  useful  in  exerting  even  pressure  or  in  checking  hemorrhage. 


Flo.  290. — Umbrella  Tampon  for  Perineal  Seetion  Wovnuis  and  Rectal  Wounrls. 

Umbrella  Tampon.— This  type  of  tampon  (Fig.  290),  formed  by  a  rubber 
tulie  to  which  is  sewed  a  curtain  of  gauze,  is  useful  in  bleeding  from  rectal  and 
perineal  wounds.     The  interior  of  the  curtain  is  packed  solidly  with  gauze  strips 


Fig.  291. — Cigarette  Drain. 

after  the  tampon  has  been  placed  in  the  wound,  the  ruljber  tube  allowing  the 
escape  of  gas  or  urine,  as  the  case  may  be. 

Mikulicz  Drain.— This  is  a  bag  of  one  or  two  layers  of  gauze  into  which, 
after  ixing  placed  in  the  cavity  to  be  drained,  are  jiacked  strips  of  gauze. 

Cigarette  Drains. — .V  cigarette  drain  (Fig.  291)  is  made  by  enclosing  anum- 
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ber  of  strands  of  lanipwicking  or  several  gauze  s(  rips,  i;i  a  cover  of  green  silk  pro- 
tective. The  cover  may  be  fenestrated  or  left  plain.  When  this  drain  is  em- 
ployed in  connection  with  serous  surfaces  it  is  better  that  the  textile  fabric  part 
be  not  permitted  to  come  directly  in  contact  with  them. 

The  three  above-mentioned  drains  are  useful  in  draining  or  ]iacking  large 
cavities  and  yet  allowing  of  ready  removal  through  a  small  opening. 


Fig.  292. 


Fig.  293. 


Fig.  292. — Harrison  Method  for  Preparing  Rubber  Drainage  Tubes. 
Fig.  293. — Rubber  Dam  for  Glas.s-Tube  Drainage. 


Other  Forms  of  Drains. — Green-silk  protective  is  useful  as  a  capillary 
drain.  Two  or  three  strips  should  be  used,  and  they  should  measure  half  an 
inch  in  width  and  several  inches  in  length. 

Rubber  tissue  is  too  readily  disintegrated  by  wound  .secretions  to  act  effi- 
ciently as  a  drain  if  prolonged  drainage  is  required. 

Rubber  tubes  are  useful  in  various  sizes  and  lengths.  Wlien  used  for  drain- 
ing an  infected  area,  fenestra  should  be  placed  only  in  the  infected  ai'ea.  To 
fenestrate  these  tubes  without  reference  to  the  sites  of  infection  is  promptly  to 
invite  infection  throughout  the  entire  area  through  which  tiie  tube  passes. 
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A  form  of  rubber  tube  useful  in  (Iriiiiiin^  i)elvic  abscesses  per  vaginam  has 
been  devised  by  Harrison  (Fig.  292). 

Glass  tubes  serve  the  same  purpose  as  rubber  tubes,  and  in  the  majority 
of  cases  are  better  employed,  for  ruliber  tubes,  after  a  certain  length  of  time, 
prove  irritating  and  increase  the  amount  of  discharge  from  the  draining  tract. 
The  discharge  tlirough  tlic  tube  may  be  kept  from  coming  in  contact  with 
the  wound  by  employing  a  bag  of  i'vii)ber  tissue  containing  gauze,  a  strip  of 
which  leads  down  into  the  glass  tube  (Fig.  293). 

lUXDAGING. 

Materials. — Accdi-dinglo  Ihcspecilic  purpose  which  they  are  to  serve,  band- 
ages are  made  of  various  materials,  those  commonly  employed  being  bleached  and 
unbleached  muslin,  linen,  crinoline,  gauze,  flannel,  and  rubber. 

Uses. — Bandages  are  used  for  retaining  dressings,  as  in  the  case  of  wounds; 
for  retaining  splints,  as  in  fractures  and  dislocations ;  for  making  pressure,  as  in 
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Fig.  294. — Double  Roller  Bandage  of  the  Head. 

the  palliative  treatment  of  varicose  veins  and  as  in  Bier's  hyperaemia  treatment 
of  tuberculous  joints  and  other  infections,  and  for  the  arrest  of  hemorrhage;  for 
purpases  of  immobilization,  as  in  fractures,  in  which  case  a  hardening  agent  such 
as  plaster  of  Paris,  paraffin,  water-glass,  or  starch  is  worked  into  the  bandage. 
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Classification.— Bandages  are  classified  aeeordins  to  the  materials  of  which 
they  are  made,  according  to  the  form  in  which  the  material  is  made  up,  and 


Fig.  2n5.  — Rolling  Bandage  Ijy  llaud. 

according  to  the  purpose  for  which  the  bandage  is  to  be  used.     Bandages  may  be 
classified  as  follows: 

1.  The  simple  or  roller  bandage,  which  may  be  a  .single  or  double  roller 
(Fig.  294). 

2.  Compound  bandages,  or  many-tailed  bandages  and  slings. 


Fig.  296. — Machine  for  Rolling  Bandages  by  Hand  Power. 

3.  ImmobiUzing  bandages,  such  as  those  made  of  crinoline  or  other  large- 
meshed  material  in  which  jilaster  of  Paris  or  starcli  or  some  othei-  hardening  agent 
has  been  incorporated.     These  are  most  frequently  of  the  roller-bandage  type. 

4.  Pressure  bandages,  usually  made  of  rubber,  such  as  Martin's  rubber  bandage. 
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Manufacture. — Of  whatever  material  the  bandage  is  composed  the  most 
freqiK'utl\-  used  is  the  roller  bandage.  These  are  made  by  cutting  the  selected 
material  into  strips  that  vary  in  width  and  length,  according  to  the  locality  to  be 
bandaged.  If  gauze  is  the  material  of  which  the  bandage  is  to  be  made,  a  sim|)le 
way  of  cutting  the  bandage  straight,  without  frayed  edges,  is  to  draw  a  thread 
the  desired  length  of  the  bandage,  thus  allowing  of  the  clean  cutting  of  the  material 
along  the  line  so  marked.  The  strips  are  rolletl  into  a  cylinder  either  by  hand  or 
by  means  of  a  special  machine.     If  they  are  rolled  by  hand,  one  end  of  the  strip 


Fig.  297. — Machino  for  Rollins  Bandnges  by  Foot  Power. 


is  first  folded  on  itself  a  number  of  times  until  a  smooth  cylinder  is  formed.  This 
cylinder  is  grasped  by  the  right  haml,  the  forefinger  pressing  upon  one  end,  the 
thumb  on  the  other,  and  while  so  held  it  is  revolved  by  the  fingers  of  the  other 
hand  in  such  a  maimer  as  to  roll  around  it  the  rest  of  the  strip  which  is  guided 
by  the  left  hand  (Fig.  295):  or,  the  bandage  having  been  started  in  the  above 
manner,  the  process  may  be  continued  by  rolling  it  on  a  hard  surface  with  the 
palm  of  the  hand,  or  by  placing  the  bandage  on  the  anterior  surface  of  the  thigh 
and  rolling  it  toward  the  knee  with  the  palm  of  the  hand.  In  either  case  tension 
should  be  made  on  the  strip  at  the  same  time  and  care  taken  that  with  each 
revolution  the  strip  accnrately  overlies  the  preceding  one.  Bandages  may  be 
rolled  by  a  machine  worked  either  by  hand  (Fig.  296)  or  by  foot  (Fig.  297). 
One  end  of  the  bandage  is  fastened  under  tension  to  the  revolving  spindle  of  the 
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niacliiiR',  and  this,  Ix'iiig  tui-ncil  by  a  crank,  raiJidl}-  rolls  up  llu;  strip.  Bandages 
may  bo  made  rapidly  in  (luantitios  in  the  following  manner:  A  wide  box,  one  foot 
(1('('|),  three  feet  wide,  and  long  enough  to  accommodate  the  bolt  of  material,  is 
reciuired.  This  box  (Fig.  298)  is  fitted  with  one-half  dozen  wooden  rollers 
for  guiding  the  material,  and  a  metal  roller  with  a  crank  attached,  on  which  to 
wind  the  material.  The  reiitiired  number  of  yards  is  wound  on  the  metal  roller 
and  the  material  is  cut  across.  The  roll  is  remo\-ed  by  withdrawing  the  metal 
roller.     This  long  roll  is  then  cut  into  the  requii'ed  widths  by  means  of  a  bandage 


Fig.  208. — Apparatus  for  Rolling  Largo  Bandages. 


knife.  A  Christy  bread  knife  answers  this  purpose  admirably.  For  steatlying 
the  roll  while  it  is  being  cut  a  carpenter's  small-sized  mitre  box  is  useful 
(Fig.  299). 

Dimensions. — The  following  are  the  most  commonly  used  bandages,  though 
other  materials  and  other  dimensions  are  used  accordmg  to  the  part  to  which 
the  bandage  is  to  be  applied,  and  also  according  to  the  {)urpose  for  which  it  is 
to  be  used : 

Muslin,  7  yards  long  by  If,  2i,  3,  and  4  inches  wide;  gauze,  8  yards  long,  by 
3  and  3^  inches  wide;  flannel,  6  yards  long  by  1^,  2,  2^,  3,  and  4  inches  wide; 
crinoline,  0  yards  long  by  2,  2  J,  3^,  and  4  inches  wide ;  finger  bandages,  4  yards 
long  by  J  and  f  inch  wide;  double  roller  head  bandage,  10  yards  long  by  H 
anil  2  inches  wide;  chest  or  abdominal  roller  bandage,  10  yards  long  by  4,  6, 
and  8  inches  wide;  plaster  bandages,  7  yards  long  by  2^  and  3|  inches  wide; 
starch  bandages,  1,  2,  and  3  inches  wide. 
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Certain  terms  are  applied  to  iliffcreiit  parts  of  the  roller  bandage  in  order  to 
facilitate  the  description  of  its  application.  The  free  end  is  known  as  the  initial 
extremity,  the  enclosed  end  as  the  terminal  extremity,  and  all  that  portion 
between  is  termed  the  body  of  the  bandage.  The  surfaces  are  known  as  internal 
and  external. 

General  Rules. — In  the  application  of  the  roller  bandage  the  roller  should 
be  grasped  tightly  lietweeu  the  thumb  and  fiiigei',  the  body  of  the  bandage  resting 


^^.^--'■--^ 
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Fig.  299. — Mitre  Box  and  Christy  Knife  for  Cutting  Bandage-s. 

in  the  hollow  of  the  hand,  the  loose  end  on  the  palm,  so  that  it  will  unroll  easily 
while  resting  in  the  palm.  The  internal  surface  becomes  the  external  when  it  is 
applied  to  the  jsart,  and  the  external  surface  becomes  internal.  When  a  bandage 
is  applied  to  an  extremity,  it  should  (when  apj^licd  anteriorly)  roll  away  from 
the  median  line  of  the  botly.  The  turns  are  always  to  be  applied  smoothly 
and  with  even  pressure:  otherwise,  swelling  or  even  gangrene  may  result.     If 


Fk;.  30U.— \'olknKiiin  Rlock. 


it  is  too  tightly  applied,  though  with  even  pressure,  ischfrmic  muscular  paralysis 
may  result.  In  the  case  of  an  extremity  the  bandage  should  be  begun  at  the 
toes  or  fingers  and  applied  in  an  upward  direction.     Before  the  application  of 
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the  l)aii(la,<ii'  llir  part  tn  he  liaiulaficd  sliould  he  \>\:icrA  in  the  positiim  it  is  iii- 
tcmlcd  to  retain  after  the  haii(hij;e  is  ai)i)Heil.  II'  tliis  is  imt  done  tiie  hand- 
age  wiH  not  lie  siiKiothly  and  may  sul)se(|nently  cause  uneven  pressure.  Wiien 
bleachechmushn  handages  are  employed,  the  material  may  be  wrung'  out  of 
warm  water,  as  this  will  he  hmiid  to  faeilitate  the  applications,  ])articularly  in 


P'lG.  301. — Haiulage  Scissors. 

the  case  of  small  muslin  bandages,  such  as  hnger  bandages.  The  terminal  ex- 
tremity should  he  fastened,  either  by  sewing  with  needle  and  thread  or  by  the 
use  of  safety-jiins,  or  the  end  may  be  torn  longitudinally,  knotted  to  i)revent 
further  tearing,  and  the  two  tails  placed  around  the  part  in  o]i])osite  direc- 
tions and  tied.  AMicn  pelvic  or  chest  bandages  are  applietl,  the  i)aticnt  l)eing 
under  the  influence  of  an  anaesthetic,  the  body  may  be  supported  by  the  \'olk- 


FiG.  302.— Circular  Bandage  of  Wrist. 

mann    block  (Fig.    300).     An   inverted   hand  basin  serves  the  purpose  in   an 
emergency. 

Bandages  may  be  removed  either  by  cutting  or  by  unwinding  tliem.  If 
they  are  removed  by  cutting,  special  scissors  having  a  blunt^point  on  one  blade 
should  be  used  in  order  to  prevent  possible  injury  to  the  skin  while  cutting  the 
bandage  (Fig.  301).  If  a  bandage  is  removed  by  unwinding  it,  the  unrolled 
portion  should  be  loosely  grasped  in  the  hands  in  a  mass  as  the  unwinding 
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jn-occeds,  and  the  unwound  portion  jiassed  from  one  hand  to  the  otlier,  thus 
allowing  of  rapid  and  neat  removal.     In  hospital  practice  bandages  should  be 


Fig.  303. — S])ir;il  l^^n^l,^go  of  Forearm, 


removed  by  unrolling  rather  than  i\v  cutting,  unless  they  are  too  soiled  to  allow 
of  ready  cleansing,  or  unless  their  removal  by  unrolling  would  cause  pain  to  the 
patient  by  undue  moving  of  the 
affected  part. 

Varieties  of  Roller  Bandages. — 
In  bandaging,  a  nunibi'r  of  turns 
are  used  with  which  it  is  necessai-y 
to  become  familiar  before  applying 
any  sjiecial  bandage.  Circular,  spii-al, 
and  spica  turns  are  used  either  alone 
or  in  combination,  or  with  some 
modification,  and  the  bandage  the 
predominating  feature  of  which  is 
foi'uied  by  these  tiu'ns  is  known  as  a 
circular,  spica,  or  spiral  bandage. 

Circular  Bandage.  —  A  circular 
bandage  (Fig.  302)  is  made  up  of  a 
number  (if  circular  turns,  each  turn 
accurately  overlapping  the  turn  pre- 
cefling  it.  It  is  useful  in  retaining 
dressings  upon  circular  portions  of  the 
body,  as  the  head,  upper  arm,  and 
neck,  and  for  purposes  of  coai>tatioii. 

Oblique  Bandage.  —  An  obli(|ue 
bandage  is  one  in  which  the  turns 
nm  obliquely  around  the  i)art  with- 
out overlap]>ing.  Such  a  bandage  is 
useful  in  apphing  temporar}-  clres.s- 
ings.  The  Esmarch  bandage  is  applied  in  this  manner,  to  allow  of  ready  i-emo\-a 
in  the  reverse  order  of  that  which  was  employed  when  it  was  originally  applied. 


Fig.  3(14. — Spiral    Rever.'sed    Bandage    of    the    Leg^ 
Showing  tlip  Mctliod  of  Making  tlie  Revprse.s. 


548 


AMERICAN   PRACTICl-:  OF  SURGERY 


Sjiinil  liiuiildijc. — In  u  ,s]iiial  liandagc  (Fig. 
'.)()'.'>)  tlic  tiii'iis  siirrouiKl  tlic  part  in  a  spiral 
iiiannci',  cacli  tiii'ii  covering  one-hail' nr  more 
of  ilie  pi'eeeding  turn.  This  form  of  l)anilago 
is  useful  in  pai'ts  of  the  body  which  do  not 
increase  I'apidly  in  i/ii'cuniference,  as  the 
ilngei',  chest,  ni'  ahdoniell. 

Ucrcr.<ed  Spmd  lidiuhn/c. — When  the  part 
of  the  body  to  be  bandaged  increases  rapidly 
in  circumference,  as  in  the  case  of  the  forearm 
or  l(>g  of  a  well-nourislie<l  person,  it  is  found 
inipractical)le  to  use  .spiral  turns,  as  they  do 
not  lie  smoothly  and,  what  is  more  import- 
ant, do  not  exert  even  pressure.  To  ovei- 
come  this,  when  a  part  of  the  limb  is  i-eached 
where  the  spii'al  turn  if  continued  would  not 
lie  smoothly,  a. "reverse"  is  made  so  as  to 
cause  the  turn  to  conform  to  the  shape  of  the 
part  (Fig.  .304).  In  making  these  reverses  it 
is  well  not  to  uni'oll  nuich  of  the  bandage, 
but  only  si.x  or  eight  inches  of  it.  While  the 
foi-efinger  of  the  left  hand  presses  on  the  jjre- 
viously  applied  turn  and  hol<ls  it  in 
place,  the  head  of  the  roller  is  turned 
toward  the  operator  in  such  a  man- 
ner that  the  slack  is  tiu'ned  or  folded 
obliquely  on  itself.  As  many  of  these 
reverse  turns  are  applied  as  are  re- 
quired. Care  must  be  taken  that  the 
]3oints  of  the  reverses  are  in  align- 
ment and  that  they  are  smoothly 
aiijilied;  also  that  they  do  not  lie 
over  bony  prominences,  such  as  the 
crest  of  the  tibia,  for  here  they  may 
give  rise  to  [iressiu'e  effects. 

Spica  Bandage. — Spica  tiu-ns  are 
those  which  cross  each  other  in  the 
form  of  the  cajjital  Greek  letter 
Lambda,  and  a  liandage  made  uji 
for  the  most  part  of  these  turns  is 
known    as    a    spica    bandage    (Fig. 

322).        Such    a    bandage    is    useful    in        Fig.  SOe.— Fronto-occipitnl  Bandage  of  the  Head. 


Fig.  305. — Recurrent  Bandage  of  .Stump. 
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retaining   dressings   to   the   slioulder   ami    groin,   and   also    in    exerting   tirni 
pressure. 

Figwe-of-H  Baiulagc.—Thc^c  Imndages  (Fig.  320)  are  made  of  tigure-of-8 
turns,  and  are  most  fre(|uenti.v  employed  in  the  neighborhood  of  joints,  a 
turn  being  first  taken  above  the  joint  and  then  one  below  it,  thus  forming  a 
figure-of-S.  In  the  same  manner  a  hgure-of-8  may  be  applied  to  the  leg, 
either  short  turns  being  used,  when  the  bandage  is  known  as  a  short  figure-of-S, 
or  longer  ones  with  some  spiral  turns,  wlieii  it  is  known  as  a  long  figure-of-S. 


Fig.  307. — Oblique  Bandage  of  tlic  Ilcaci. 


Fig.  308. — Recdrrent  Bandage  of  tlie  Head. 


Recurrent  Bandage. — Recurrent  bandages  (Fig.  305)  are  made  up  of  turns 
which  extend  back  and  forth  over  the  part  until  it  is  covered  in,  all  these  turns 
being  secured  by  spiral  turns.  This  bandage  is  used  for  covering  in  the  ends 
of  fingers,  for  tlressing  stumps,  and  foi-  retaining  dressings  upon  the  scalp. 

Umd  Bandage;  Fronlo-oecipilal  Bandage. — The  initial  exti'cmity  of  the 
bandage  (Fig.  306)  is  fixed  beneath  the  inion  by  means  of  the  index  finger  of 
the  left  hand ;  the  roller  is  then  carried  across  the  parietal  bone  of  the  left  side 
to  the  forehead,  oxer  the  forehead,  and  over  the  right  parietal  region  liack  to  the 
starting-jjoint ;  these  turns  are  repeated,  care  being  taken  that  each  turn  shall 
accurately  cover  the  preceding  turn.  The  terminal  extremity  of  the  bandage 
i.s  fastened  beneath  the  inion. 

Oblique  Bandage  of  the  Head. — The  initial  extremity  of  this  bandage  (Fig. 
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Fiii.  309. — Barton's  Hamlage. 


;307)  is  fixed  by  means  of  one  or  two 
IVonto-()ccii)ital  turns.  From  ihe  ocei- 
iml  tlie  roller  is  jjassed  obliquely  over 
the  left  i)ai-ietal  eminence  to  tlie  fore- 
head and  then  continued  as  in  making 
a  fronto-occij^ital  turn  that  ends  at  the 
forehead.  From  the  forehead  the  rolli'r 
passes  obliquely  over  the  right  parietal 
eminence  to  the  occiput.  At  the  occi- 
put tliese  turns  are  continued  in  theor- 
di'i-  named,  each  oblique  turn  covering 
ill  the  lower  two-thirds  of  the  ])reccding 
ohrKiuc  turn.  The  l)andafi:eis  complct-' 
ed  li\-  cine  or  more  froato-occii)ital 
turns,  the  terminal  extremity  being 
fastened  l)eneath  the  inion.  These 
oblique  turns  make  a  very  pretty  fini.sh' 

1  i  to  a  recurrent  head   bandage,  and  at 

I  -  '^ ^^^lm^__^     the  same  time  render  it  more  secure. 

Recurrent  Bandaye  of  (]te  Head. — The' 
initial  extremity  of  the  bandage  (Fig. 

308)  is  secured  by  means  of  one  or  two  fronto-occipital  turns.     Beginning  at  the 

central  jjoint  of  the  foreheatl  a  reverse 

is  made  and  the  roller  carried  directly 

back  to  the  median  line  over  the  vertex 

to  just  below  the  inion;  here  the  roller 

is  folded  on  itself  and  carried  forward 

to  the  forehead,  to  the  left  of  the  first 

recm-rent  turn,  so  that  it  overlajjs  it  by 

two-thirds.     These  recurrent  turns  are 

repeated  between  the  occiput  and  the 

forehead   until  the  whole  of  the  left 

half  of  the  vertex  is  covered.     The  re- 
current turns   are  then  secured  by  a 

fronto-occipital    turn.     In    the    same 

manner  the  right  half  of  the  vertex  is 

covered  in.    The  bandage  is  completed 

by  one  or  more  fronto-occipital  turns. 

Barton's  Bandage. — The  initial  ex- 
tremity of  the   bandage  (Fig.  309)  is 

fixed  to  the  vertex  of  the  head  in  the 

middle  line,  the  index  finger  of  the  left 


Fic.  310. — Modified  Barton's  Bandage. 
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hand  being  used  for  tln'  pur])Osc.  The  roller  is  then  passed  over  the  left  parietal 
bone  to  a  i)oint  below  the  inion,  and  then  over  the  right  parietal  bone  to  the 
starting-point:  this  forms  turn  number  1.  To  form  turn  number  2,  the  roller  is 
continued  from  the  starting-point  over  the  temporal  bone,  down  the  side  of  the 
left  cheek,  in  front  of  the  left  ear,  uruler  the  chin,  up  the  side  of  the  right  cheek, 
in  fi'ont  of  the  right  ear,  and  finally 
over  the  right  tenijjoral  bone  to  the 
starting-point.  To  form  turn  number 
3;  continue  from  the  starting-point 
over  the  left  parietal  bone  to  a  i)oiiit 
below  the  inion,  below  the  right  ear, 
around  the  right  side  of  the  inferior 
maxilla,  to  the  front  of  the  chin,  ])ass- 
ing  o\'er  the  antei'ior  aspect  of  the  chin 
to  the  left  asi)ect  of  the  inferior  max- 
illa, and  then  over  this  and  below  the 
left  ear  to  a  point  just  below  the  inion. 
These  three  turns  are  repeated  a  num- 
ber of  times  in  the  order  described. 

The  Ijandage  has  been  modified 
by  adding  (Fig.  310)  a  fourth  turn — 
a  fronto-occipital  turn  following  the 
third  turn.  Except  for  this  the  modi- 
fied Barton's  is  the  same  as  the  Bar- 
ton's usually  describctl.  The  points 
of  intersection  of  the  various  turns  are 
secured  by  safety-pins.  In  applying  this  Ijandage,  as  in  applying  all  bandages 
which  fix  the  lower  jaw,  care  should  be  taken,  when  the  application  is  made 
under  an  ana'sthetic,  that  i>rovision  is  allowed  for  the  escape  of  vomited  matter. 

Gibson's  Bandage. —  The  initial  extremity  of  the  bandage  (Fig.  311)  is  fixed 
with  the  forefinger  of  the  left  hand  over  the  temporal  region,  just  anterior  to 
the  left  ear;  thence  the  roller  is  carried  down  the  cheek,  under  the  chin,  u])  in  front 
of  the  right  ear,  and  over  the  vertex  to  its  starting-point.  Three  such  coin])lete 
turns  are  made.  A  reverse  is  made  at  the  end  of  the  third  turn  and  the  roller 
is  carried  to  the  inion,  and  three  complete  fronto-occipital  turns  ending  at  the 
inion  are  made.  The  roller  is  then  carried  arouml  und(>r  the  right  ear,  along  the 
jaw  to  the  chin,  over  the  front  of  the  chin,  along  the  left  side  of  the  jaw,  and  under 
the  left  ear  to  the  inion.  Three  such  complete  turns  ending  at  the  inion  are  made. 
Here  the  roller  is  reversed  and  carried  in  the  median  line  from  the  vertex  to  the 
forehead,  where  it  is  fastened.  All  intersections  of  turns  are  secured  by  means 
of  safety-pins. 

A  similar  way  of  applying  the  turns,  and  one  wliich  perhaps  is  more  secure,  is 


Fig.  311. — CJibson's  Bandage. 
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to  fix  the  initial  cxtrcmit_y  oF  tlic  Ijanda^c  at  the  vertex,  and  tlieii  to  pass  down 
tlie  rijj;lit  side  of  the  jaw  in  fi-ont  of  the  ear  In  the  cliin,  under  the  chin,  vip  the 
left  si(h'  of  the  jaw,  in  front  of  the  ear,  and  so  back  to  the  A'crtex,  wiierc  tlie  in- 
itial extremity  of  the  l.)andage  is  crossed  hy  the  I'nllcr,  and  ihr  i'dIIci'  continiied 
over  the  right  jjarietal  bone  to  the  inion,  under  the  inion,  and  up  over  the  loft 
parietal  bone  to  the  starting-point,  tlius  making  a  figure-of-8  turn.  This 
figure-of-S  turn  is  repeated  three  or  fdur  times,  and  then  when  the  inion  is 
again  reached,  on  the  tliii'd  nr  fourtli  turn,  tlic  thiid  turn  of  the  (libson  bnnchige 
as  before  described  is  made. 

Cro.s.ser/  Bandage  of  the  Head. — A  double-headed  roller  is  used.     A  fronto- 
occipital  turn  is  made,  the  bandage  "  crossing"  just  above  the  tcmporo-maxillary 
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Fig.   312. 


Fig.  313. 


Fig.  312. — Crossed  Bandage  of  the  Head,  First  Turn. 
Fig.  313. — Crossed  Bandage  of  the  Head,  Second  Turn. 


articulation  (Fig.  312).  The  roller  is  carried  down  over  the  side  of  jaw,  under 
the  chin,  and  up  the  opposite  side  of  the  jaw  to  the  tcmporo-maxillary  artic- 
ulation of  that  side.  Here  it  is  "crossed"  by  the  other  roller,  which  is  passed 
over  the  vertex  (Fig.  .313).     The  points  of  "  crossing  "  alternate. 

Occipito-facial  Bandage. — This  bandage  is  applied  in  the  same  manner  as 
the  first  and  second  turns  of  the  Gibson  bandage,  by  either  of  the  methods 
just  described.  The  turns  along  the  side  of  the  jaw,  however,  cover  in  more  of 
the  surface  and  do  not  accurately  overlie  each  other. 
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Forehead  and  Chin  Bandage. — The  initial  extremity  of  the  bandage  (Fig.  314) 
is  fixed  by  one  or  two  i'ronto-occipital  turns.  From  below  the  inion  the  roller  is 
passed  around  the  side  of  the  jaw,  be- 
low the  ear  to  the  chin,  across  the  an- 
terior surface  of  the  chin,  and  along 
the  left  side  of  the  jaw,  Ik'Iow  the  left 
ear,  to  a  point  below  the  inion.  A 
fronto-occipital  turn  is  then  made. 
These  turns  are  alternated. 

The  Forehead  and  Upper-Lip  Band- 
age.— This  bandage  (Fig.  315)  is  ap- 
plied in  the  same  manner,  except  that 
the  second  turn  passes  from  the  inion 
to  a  ])oint  alwve  the  ear,  thence  to  the 
upper  lip,  and  so  around  above  the 
opposite  ear  to  the  inion. 

In  the  Forehead  and  Xcck  Bandage 
the  second  tiu-ii  passi^s  from  the  inion, 
around  the  neck,  and  back  to  the  inion. 
Oblique  Bandage  of  the  Jaw. — The 
initial  extremity  of  this  bandage  (Fig. 
316)  is  fixed  by  means  of  one  or  more 
fronto-occipital  turns.  If  it  is  intended 
to  cover  in  the  left  si(  le  of  the  jaw  the  roller  is  passed  from  right  to  left ;  if  the  right 

side,  from  left  to  right.  From  the 
occiput  the  roller  is  passed  below  the 
ear,  under  the  chin,  and  up  over 
the  oj)i)ositc  angle  of  the  jaw.  It  is 
then  carried  to  the  vertex  from  the 
side  of  the  face  ju^t  i)ostcrior  to  the 
external  angular  process  of  the  frontal 
bone,  and  in  front  of  the  ear  of  the 
same  side.  The  roller  is  carried  across 
the  vertex,  behind  the  ear  of  the  op- 
jjosite  side,  to  the  point  at  which  it 
first  passed  vmder  the  chin:  thence  it 
is  continued  around  under  the  chin 
as  before,  this  time,  however,  the  turn 
l)eing  so  placed  as  to  overlap  the  pos- 
terior two-thirds  of  the  pre^•ious  turns. 
These  turns  are  continued,  each  overlapping  the  posterior  two-thirds  of  the 
previous  turns  until  the  space  between  the  external  angular  process  and  the  ear 


Fig.  314.  —  I-'orehoatl  and  eiiiii    i^>andage. 


Kic.  31.">. — Forehead  and  Upper-Fip  Bandage. 
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is  completely  covered.  The  ol)lii|iie  turns  inaj' inoliule  tlie  oar  if  tlie  indication 
for  this  is  present.  When  a  sufiicient  niunher  of  these  turns  have  been  applied, 
a  rev(>rse  is  made  above  the  opi)osite  ear,  two  or  three  fronto-occipital  turns  are 
made,  •■uiij  the  bandage  is  secured. 

Siiu/k-Eye  Bandage. — The  initial  extremity  of  the  bandajic  (  Fig.  317)  is  fixed 
bv  one  or  two  fronto-occipital  turns.  If  it  is  desired  to  cover  in  the  left  eye 
the  tui-ns  shoujil  pass  from  right  to  Icfl  ;  if  the  right  eye,  rice  rcrsa.  From  the 
occipnt  the  roller  is  passetl  below  tlie  lobe  of  the  ear  to  the  cheek,  ui)wartl  over 


Fig.  31f). — Obliqiip  Bandage  of  tlic  Juw. 


Fig.  317. — Single-Eye  Bandage. 


the  cheek  to  the  glabella,  thence  obliciuely  over  the  frontal  and  parietal  regions 
of  the  opposite  side  to  the  occiput,  forming  turn  number  one;  a  fronto-occipital 
turn  is  then  made.  Turn  number  two  is  the  same  as  turn  number  one,  save  that 
it  ascends  above  it  by  one-third  its  width.  It  will  be  found  nioi'e  comfortable 
for  the  patient  if  the  second  and  subsecjuent  turns  cover  in  the  ear  instead  of 
passing  below -it,  as  in  the  case  of  the  first  turn.  These  turns  are  repeated, 
alternating  with  the  fronto-occipital  turns,  until  the  eye  is  entirely  covered  in. 
A  few  fronto-occipital  turns  complete  the  bandage. 

Bandage  for  Both  Eyes. — The  initial  extremity  of  the  bandage  (Fig.  318)  is 
fixed  by  one  or  more  fronto-occijiital  tvn-ns.  From  the  occijiut  the  roller  is  passed 
under  the  lobe  of  one  ear  to  the  cheek,  upward  upon  the  cheek  to  the  glabella, 
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covering  in  tlio  first  eyi',  and  tliencc  nhliinu'ly  across  tlic  opposite  frontal  and 
parietal  regions  to  the  occiput.  A  fronto-occijiital  tniii  is  then  made.  From 
the  occiput  the  roller  is  passed  up  over  the  })arietal  and  frontal  regions  to  the 
glabella,  thence,  over  the  second  eye,  obliquely  down  the  cheek,  beneath  the  lobe 
of  the  eai',  to  the  occiput.  Again  a  front()-occi|)ital  turn  is  made.  These  turns 
are  repeated  Hrst  over  one  eye  and  then  over  the  othei-  eye,  each  succeeding  turn 
covering  in  two-thirds  of  the  ])recediug  turn,  and  being  alternateil  by  a  fronto- 


FiG.  318. 


Fig.  319. 


Fig.  318'. — Dout:t'-E\c  Bandage. 

Fig.  319. — Double-Eye  Bandage  with  Friinto-oecipital  Turns  Omitted. 


occipital  turn.     Tliese  turns  are  continued  imtil  the  eyes  are  completely  covered. 
The  fronto-occipital  turn  may  be  omitted.     (Fig.  319.) 

Figure-of-S  Bandage  of  the  Neck  and  Axilla. — The  initial  extremity  of  the 
bandage  (Fig.  320)  is  fixed  by  one  or  more  circular  turns  around  the  neck;  these 
should  not  be  too  tightly  applied.  According  to  the  axilla  to  be  inclutled,  the 
I'oller  is  passed  oblitjucly  across  the  corresponding  shoulder,  under  the  axilla, 
and  back  again  obliquely  over  the  .same  .shoulder,  cros.sing  the  first  oblique  turn. 
A  circular  turn  is  then  made  around  the  neck.  The  circular  neck  turns  are 
alternated  with  the  turn.s  passing  under  the  axilla  and  crossing  over  the  shoulder. 
Each  succeeding  turn  overlaps  the  preceding  one  by  two-thirds  of  its  width. 
A  circular  turn  around  the  neck  completes  the  bandage. 
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<'iiinhinc(J  Xcck  BaittJoije. — A  combination  of  liciul,  neck,  and  chest  turns  is 
useful  in  secui-ely  retaining  the  dressiufj;  after  an  extensive  dissection  in  the  cer- 
vical region.     (Fi<^.  321.) 

AffcciidiiKj  Sjiicd  liiniildiji'  iij  llw  Slioidder. — Tlie  initial  extremity  of  the  roller 
(Pis.  '.Vl'I)  is  (ixed  by  means  of  one  or  two  circular  tui'us  around  the  arm  of  the 


P'iG.  320. — Figurc-of-S  Bandage  of  Neck  and  Axilla. 


affccxed  side  at  the  level  of  the  axillary  foid,  or  a  short  distance  below  it.     The 
roller  is  carried  directly  across  the  anterior  aspect  of  the  chest  tothe  axilla  of  the 

opposite  side,  uniler  the  axilla  to  the 
posterior  aspect  of  the  chest,  and  finally 
across  this  to  the  starting-point.  A 
circulai-  turn  is  next  made  aroimd  the 
arm  at  the  starting-point,  and  then 
a  second  turn,  similar  to  the  first, 
but  ascending  and  covering  in  two- 
thirds  of  the  previous  turn,  is  made 
around  the  chest.  Except  at  the  op- 
posite axilla,  where  the  turns  exactly 
overlap  each  other,  the  chest  turns 
are  alternated  with  the  circidar  turns 
around  the  arm,  each  succeeding  turn 
asceiuling  by  one-third  of  its  width 
above  the  preceding  turn.  In  this 
manner  the  shoulder  is  ascended  by 
spica  tvu'ns  until  it  is  completely 
covered.  The  bandage  is  completed 
by  a  circular  turn  around  the  arm 
and  there  fastened.  To  prevent  chaf- 
ing of  the  opposite  axilla,  a  pad  of 
in  place  tliere  by  the  first  turn  of  the  bandage  around 


Fig.  321. — Combined  Head,  Nerk,  and  Shoulder 
Bandage. 


cotton  should  be  hel( 
the  chest. 
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Descending  Spica  Bandage  of  the  Shoidder.- 
age  (Fig.  323)  is  secured  b}-  means  of  one  or 
at  the  level  of  the  axillary  fold  or  a 
short  distance  below  it.  The  roller  is 
carried  o\er  the  shoulder  to  the  anterior 
asj^ect  of  the  chest  as  high  up  as  it  can 
be  niatle  to  staj-,  then  under  the  axilla 
of  the  opposite  side,  around  the  pos- 
terior as]>ect  of  the  chest,  to  the  start- 
ing-point, wliere  a  circular  turn  is 
taken.  These  turns  alternate  one  with 
another,  each  chest  turn  descending  by 
one-third  the  width  of  tiic  pi-eceding 
turn  luitil  the  shoulder  is  completely 
covered  in.  The  bandage  is  finally 
completed  by  a  circular  turn  around 
the  arm.  The  same  precautions  are 
taken,  as  regards  the  opposite  axilla, 
as  in  the  case  of  the  ascending  spica 
of  the  shoulder. 

Velpeau  Bandage.  —  Two  or  more 
roller  bandages  are  reciuired.  The  arm 
of  the  affected  side  is  drawn  across  the 
chest,  the  palmar  surface  of  the  fingers 
resting  upon  the  sound  shoulder  near  the 
base  of  the  neck.  The  initial  extrem- 
ity of  the  roller  is  placed  over  the  scapular 


—The  initial  extremity  of  the  band- 
two  circular  turns  arountl  the  arm 


Fig.  323. — Descending  Spica  Bandage  of  tlie  Shoulder, 


Yic..  322. — .\scpnding  Spica  of  tlie  SliouKler. 

region  of  the  unaffected  side,  and 
the  roller  is  carried  over  the  point 
of  the  affected  shoulder;  thence 
it  is  carried  down  across  first  the 
outer  and  then  the  posterior  sur- 
face of  the  arm  of  the  same  side, 
antl  imder  the  elbow  to  the  an- 
tei-ior  chest  wall,  from  which  point 
it  slioidd  pass  diagonally  across 
the  anterior  chest  wall  upward 
to  the  axilla  of  the  imaft'ected 
side,  and  under  the  axilla  to  the 
starting-point,  thus  completing 
the  first  turn.  (Fig.  324.)  This 
turn  is  repeated  in  order  firmly 
to  fix  the  initial   extremity  of  the 
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roller.  From  the  scapular  icfrion  the  roller  is  cariieil  dii-ertly  arnuml  ihe 
body,  ])issin,t;  over  tlic  clliow  of  the  affeeteil  side  near  its  |)oiiit,  thence  to  the 
axilla  of  the  soiiiiil  siile,  and  ihcnce  to  the  startini;-iioinl ,  over  the  scapular  re- 


Ftg.    324. — \'L'l]ifai[  l^andiige,  l^irst  Turn, 

gion  of  the  sound  sitle.  (Fig.  325.)  These  turns  alternate  one  with  another,  each 
succeeding  turn  overlapping  the  ])receding  one  by  two-thirds  its  width,  and 
the  shoulder  tui'us  gi-atlually  apj)roaching  the  base  of  the  neck;  the  turns  cross 


l-'ic.  325. — Velpeaii  Bandage,  Sccoutl  Turn. 

the  elbow  and  gradually  ascend  the  arm  until  the  last  turn  passes  across  the 
wrist  and  is  secured  in  the  axillary  line  of  the  sound  side.  (Fig.  326.)  In  ap- 
plying this  liandage,  as  in  other  cases  in  which  skin  surfaces  are  pressed  to- 
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gcth(>r,  a  laj-er  of  cotton  should  he  placed  between  such  surfaces  and  plenty  of 
drying  powder  be  used  to  prevent  maceration  and  excoriation. 

Tlte  Desault  Bandage  consists  of  thi'ce  roller  liandages.  A  wedge-slia[)ed 
pad  is  placed  in  the  axilla  of  the  injured  side.  This  is  held  in  place  by  the 
first  roller  of  the  bandage.  The  initial  extreniit}-  of  the  bandage  is  held 
in  place  by  pressure  of  the  fingers  of  the  left  hand  over  the  lower  ribs  of  the  in- 
jured side;  the  bandage  itself  is  then  carried  obliquely  across  the  anterior  aspect 
of  the  chest,  over  the  shoulder  of  the  sound  side,  and  thence  througli  the  axilla 
to  the  a[)c\  of  the  shoulder,  when  it  crosses  the  Hrst  tiuii.  Then  it  passes 
diagonally  across  the  back  to  the  injui'ed  side,  fixing  the  initial  extremity  by  pass- 
ing over  it  Imv  down  on  the  libs.     The  chest  is  then  ascended  by  spiral  turns 


Fig.  .320. — Vclpeau  Bandage,  Completeil. 

which  thus  securely  fasten  the  wedge-shaped  pad  in  position.  These  spiral  turns 
ascend  to  the  level  of  the  axilla.  The  arm  is  now  brought  to  the  side,  the  pad 
acting  as  a  fulcrum.  The  second  roller  of  the  Desault  is  a  series  of  ascending 
spiral  turns  including  the  arm  and  chest.  These  turns  begin  just  above  the 
elbow  of  the  injured  side,  and  end  just  l)elow  the  level  of  the  shoulder. 

The  initial  extremity  of  the  third  roller  is  fixed  in  the  axilla  of  the  sound 
side  by  the  fingers  of  the  left  hand,  and  the  roller  is  carried  oblicjuely  across  the 
chest  to  and  over  the  shoulder  of  the  injured  sid(>,  directly  downward  to  tlie  cUhiw 
of  the  injured  side,  over  this  and  diagonally  up  across  the  chest  to  the  starting- 
point;  thence  the  roller  is  carried  obli(|uely  over  the  posterior  aspect  of  the  chest 
to  and  over  the  shoulder  of  the  affected  side  directly  down  to  and  over  the  elbow 
of  the  affected  side.  Thence  it  i>asses  diagonally  across  the  posterior  asjiect  of 
the  chest  to  the  starting-point.  These  turns  are  repeated  vmtil  the  roller  is 
finished.     The  hand  is  supported  by  a  bandage  sling. 

The  Desault  bandage  is  used  in  fractures  of  the  clavicle,  the  pad  being  the 
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fvilcrum  over  which  the  st'foiuiniHi'r  forces  tlie  arm  to  the  .side  in  sucii  a  manner 
as  to  correct  the  inward  disi)lacement  of  the  fracture  of  the  clavicle.  Tiie  third 
roller,  l)y  elevatin<i  the  shoulder,  corrects  the  downward  and  forward  displace- 
ment. 

Figurc-o]-^  Bauihu/c  i>j  Ike  Eihoir. — The  bandage  (Fig.  327)  should  be 
applied  with  the  arm  Hexed.  The  initial  extremity  of  the  bandage  is  fixed  by  one 
or  more  circular  turns  made  a  few  inches  below  the  eIl)ow  joint.  The  roller 
is  then  can-icd  aci'oss  the  flexure  of  the  joint  and  a  circular  turn  is  made  a  few 
inches  above  the  joint.  The  roller  is  then  carried  obli([uely  to  the  starting- 
])oint  and  a  circular  turn  is  made  there.     Circular  turns  below  the  joint  alternate 


Fig.  327. — Figure-of-S  Bandage  of  tlie  Elbow. 


with  those  above  the  joint,  the  bandage  each  time  ol)liqucly  crossing  the  flexure 
of  the  elbow.  Tlie  circular  turns  gradually  approach  the  tip  of  the  olecranon 
from  both  directions.  The  bandage  is  finally  completed  by  a  circular  turn  around 
the  flexure,  thus  covering  in  the  olecranon.  A  neatei'  effect  may  be  produced 
by  first  passing  a  circular  turn  around  the  flexure  of  the  joint  and  over  the  tip  of 
the  olecranon  then  a  circular  turn  below,  and  then  one  above,  and  so  on  until 
the  joint  is  completely  covered,  each  turn  covering  in  two-thirds  of  the  preceding 
one. 

Reversed  Spiral  Bandage  of  the  Upper  Extremity. — The  initial  extremity  of  the 
bandage  (Fig.  328)  is  fixed  by  means  of  one  or  two  circular  turns  around  the 
wrist.  The  roller  is  then  carried  obliquely  across  the  back  of  the  hand  to  the 
level  of  the  last  phalangeal  joint.  Here  a  circular  turn  is  made.  By  means 
of  spiral  or  reverse  sj^iral  turns  the  i-oller  ascends  the  hand  to  the  metacarpo- 
phalangeal joint  of  the  thumb,  passes  oblicjuely  to  the  wrist,  where  a  circular 
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turn  is  taken  ai'ound  the  wrist,  thence  back  obliquely  to  take  a  circular  turn 
around  the  body  of  the  hand.  Three  or  more  of  these  figure-of-8  turns  are 
made,  thus  carrying  the  bandage  down  as  far  as  the  wrist.  The  forearm  is  as- 
cended by  means  of  spiral  or  spiral  reverse  turns,  according  to  the  conformation 
of  the  forearm,  until  the  elbow  is  reached.  If  it 
is  desired  to  keep  the  arm  flexeil  the  elbow  is 
coveretl  by  a  series  of  figiu'e-of-S  tiu'ns  while  the 
part  is  in  a  state  of  flexion.  If,  however,  the 
arm  is  to  be  kept  extended,  spiral  and  spiral  re- 
verse turns  are  continued  over  the  elbow  and  up 
the  arm.  The  bandage  is  completed  by  one  or 
two  circular  tiu'ns  at  the  level  of  the  axillary 
fold.  Care  should  be  taken  in  applying  this 
bandage  that  the  reverses  do  not  press  over 
bony  prominences,  as  the  ridge  of  the  ulna,  also 
that  the  reverses  ai'e  in  accurate  alignment. 

Figure-of-8  Bandage  of  the  Hand  and  Wrist 
(Dorsal). — The  initial  extremity  of  the  bandage 
(Fig.  329)  is  fixed  by  one  or  two  circular  turns 
around  the  wrist.  Thence  the  roller  is  carried 
obliquely  across  the  dorsum  of  the  hand  to  the 
base  of  the  index  finger,  where  a  circular  turn 
and  a  half  is  made  around  the  hand  at  tlie 
metacarpo-phalangcal  ai'ticulation.  The  roller 
then  returns  oblicjuely  to  the  WTist.  After  a  cir- 
cular turn  at  the  wrist  has  been  completed  the 
roller  is  again  carried  obliquely  to  the  base  of 
the  index  finger,  and  a  second  circular  turn  is 
made  around  the  hand.  These  turns  are  con- 
tinued, each  overlapping  the  jjreceding  turn  by 
two-thirds  of  its  width,  until  the  doi'sum  of  the 
hand  is  completely  covered.  A  circular  turn 
at  the  wrist  completes  the  bandage. 

Figure-of-8  Bandage  of  the  Hand  and  Wrist 
(Palmar). — This  is  applied  in  the  same  manner  as  the  dorsal  figure-of-S  of  the 
hand  and  wrist,  except  that  the  oblique  turns  cross  the  palm  instead  of  the 
dorsum  of  the  hand. 

Demi-gauntlet  Dor.'<al  Bandage. — The  initial  extremity  of  the  bandage  (Fig. 
330)  is  fixed  at  the  wrist  by  one  or  two  circular  turns.  The  roller  is  carried 
obliquely  across  the  back  of  the  hand  to  the  base  of  the  thumb,  which  is  sur- 
rounded by  a  circular  turn,  and  the  roller  is  returned  to  the  wrist.  Here  a  cir- 
cular turn  is  made,  and  the  roller  is  carried  obliquely  across  the  back  of  the  hand 

VOL.  IV.— 36 


Fig.  32S. — Reversed  Spiral    Bandage 
of  the  Upper  Extremity. 
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to  tlic  base  of  tlic  index  finger,  there  making  a  eireular  turn  and  again  returning 
to  the  wrist.     This  is  eontinued  until  the  base  of  each  finger  has  in  due  order 


Fig,  329. — Figure-of-S  Bamlage  of  the  ihuul    and  Wrist    (I)orsall,       Tn    tlip    drawing    the    turns 
of  the  !.iandage  shtyuld  ha\'e  been  carried  farther  down  on  tlie  fingers. 

l)een  surroundeil  by  a  circular  turn.     'J1ic  l)andage  is  couiplcteil  l)y  a  few  figure- 
of-8  turns  of  the  hand  and  wrist. 

Demi-gauntlel  Palmar  Bandage. — This  bandage  is  applietl  in  the  same  man- 
jier  as  the  dorsal  demi-gauntlet  bandage,  except  that  the  oblique  turns  from 


Fig.  330.— Demi-Gauntlet. 


Fig.  331.— Gauntlet. 
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the  wrist  to  tlit'  bases  of  the  lingers  pass  over  the  pahnar  instead  of  the  dorsal 
surfaces. 

(jaiiiillet  Bnndafic. — Tlic  initial  extremity  of  tlic  haiuhige  (Fig.  Sol)  is  h.xed 
l3y  means  of  one  or  two  circular  turns  at  the  wrist.  The  roller  is  tlien  carried  by 
an  oblique  turn  to  the  tip  of  the  thumb,  and  the  thumb  covered  by  spiral  or  spiral 
reverse  turns.  Upon  the  completion  of  these  turns  the  roller  is  carried  back  to 
the  wrist,  a  circular  turn  made  there,  thence  to  thcindex  finger,  which  is  bandaged 
in  the  same  manner  as  the  thumb.  In  like  manner  the  remaining  fingers  are 
covered.     The  l)andage  is  completed  by  a  few  circular  turns  at  the  wrist,  or 
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Fig.  .332  — Spica  Bandage  of  Tluimb. 


additional  ligure-of-S  turns  may  be  passed  around  the  liantl  ami  wrist  for  fur- 
ther security. 

Spica  Bcniilfv/e  of  the  Tluniih. — The  initial  extremity  of  the  bandage  (Fig.  332) 
is  fixed  by  one  or  two  circular  turns  around  the  wrist.  The  roller  is  then  carried 
over  the  dorsal  aspect  of  the  ti])  of  the  thumb  and  there  a  circular  turn  is  made. 
The  roller  returns  to  the  wrist  and  a  circular  turn  is  made  around  the  wrist. 
Thence  the  roller  is  again  carried  obliciucly  across  the  dorsal  aspect  of  the  thumb. 
A  second  circular  turn  is  made  aroimd  the  thumb,  this  last  overlapping  the 
first  turn  by  two-thirds  of  its  width.  This  procedure  is  continued  until  the 
thumb  is  covered,  a  turn  around  the  wrist  completing  the  bandage.  A  few 
recurrent  turns  may  be  first  placed  over  the  tip  of  the  thvunb  if  it  is  desired  to 
include  this  in  the  bandage. 

Spiral  Bandage  of  the  Finger. — The  initial  extremity  of  the  bandage  (Fig.  333) 
is  fixed  by  two  or  three  turns  around  the  middle  [jhalangeal  joint.  The  bandage 
is  then  carried  in  a  spiral  manner  to  the  ba.se  of  the  finger,  each  turn  covering 
in  one-half  of  the  [ireceding  turn.  A  circular  turn  is  made  at  the  base  of  the 
finger  and  the  bandage  is  carried  by  means  of  spiral  turns  to  its  starting-point  at 
the  middle  phalangeal  joint.  From  the  posterior  surface  of  this  joint  a  recurrent 
turn  is  now  passed  directly  ovci-  the  tip  of  the  finger  to  the  anterior  surface  of 
the  joint,  the  fingers  of  the  operator's  left  hand  holding  this  turn  taut  while  a 
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Fio.  333. — Spiral  Bandage  of  the  Finger, 
First  Metlioil.  'J'lie  extension  to  the  wrist  is 
omitted. 


srcoml  rccuiTrnt  turn  is  passed  back  over 
tlic  inner  half  of  tlio  finder  tip  to  the 
starting-point  of  llir  fii'st  i-ccurrcnt  turn. 
This  is  also  licld  in  place  and  a  third  and 
lin;il  rcciuTi'iit  turn  is  passed  over  the 
outiT  half  of  tlic  fin,t:;('i-  tiji.  A  circular 
turn  secures  the  ends  of  these  three  reciu-- 
rent  turns.  The  bamlage  is  then  carried 
to  the  distal  end  of  the  finger  by  means  of 
spiral  turns.  At  the  extremity  a  circular 
tin-n  is  taken  that  secui'es  the  recurrent 
turns  whicli  extend  fui  either  side  of  the 
finger  tip.  ]''iiially,  by  means  of  spiral 
turns  tlie  base  of  the  finger  is  reached 
and  the  bandage  is  fastened  there  by 
splitting  it  longitudinally  for  a  distance 
of  six  oi-  eight  inches,  tlien  knotting  it 
just  be_yond  tlie  split  to  prevent  further 
splitting,    and    tying    the  ends   directly 

around  the  base  of  the  finger:  or  the  bandage  may  be  si:)lit  for  a  distance  of  ten 

or  twch'c  inches,  the  long  ends  being 

knotted  and  carried  around  the  wrist 

once  or  twice  and  then  tied  securely. 

The  last  method  effectually  prevents 

the   loosening    or    falling    off    of   the 

bandage. 

A  Second  Method  of  applying  the 

spiral  bandage  to  the  finger  is  to  fix 

the    initial  extremity  of  the  bandage 

by  taking  two  or  three  turns  around 

the  base  of  the  finger.  (Fig.  334.)  From 

the  posterior  aspect  of  the  base  of  the 

finger  the  bandage  is  passed  directly 

over  the  finger  tip  to  the  anterior  aspect 

of  the  base  of  the  finger.  The  second  and 

third  recurrent  turns  are  passed  in  like 

manner  over  the  inner  and  outer  half  of 

the  finger  tip.     A  circular  tiu'u  at  the 

distal  extremity  holds  these  in  place,  fol- 
lowing which  a  series  of  spiral  turns  de- 
scend to  the  base  of  the  finger  where  the 

,  ,  .  .  Fu;.  334. — Spiral  Bandage  of  Finger,  Second 

bandage  is  com])lete(  I  liy  a  cu-cular  turn.  Metiiod. 
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Fig.  335. — Anterior  Figure  of-S  Bandage  of  tlie  Che.st. 


A  Simpler  Method  may  be  used  \vh(>re  it  is  not  desired  to  cover  in  tlic  finger 

tip.     The  initial  extremity  of  the  roller  is  secured  by  two  or  three  circular  turns 

around  the  base  of  the  finger, 
the  finger  is  then  ascended  to 
its  tip  by  si)iral  turns,  a  cii-cu- 
lar  turn  is  made  at  the  tip, 
and  bj'  means  of  spiral  tm-ns 
the  base  of  the  finger  is  again 
reached,  where  a  circvdar  turn 
comiiletes  the  bandage. 

Reversed  Spiral  Bandarie  of 
the  Finger. — This  liandage  is 
ai'iilied  in  the  same  manner 
as  any  oi  the  spiral  bandages 
just  described,  with  the  ex- 
ception that  reverse  spiral  turns  are  useil  in  place  of  spiral  turns. 

Anterior   Figure-of-8  Bandage  of  the  Chest. — The  initial  extremity  of  the 

roller  (Fig.  335)  is  fixed  by  in(>ans  of  the 

index  finger  of  the  left  ham]  o\-er  the 

midtllc   third   of   the  sternum.      The 

roller  is  then  carried  over  one  shoulder 

to  its  jjosterior  aspect,  under  the  axilla 

of  the  same  side  to  the  anterior  aspect 

of  the  shoulder,  diagonally  across  the 

chest  to  the  posterior  aspect  of  the 

other  shoulder,  under  the  axilla  to  the 

anterior  aspect  of  the  chest,  and  diag- 
onally  across    to    the   starting-point, 

thus  forming  a  cross  over  the  sternum. 

These  turns  are  repeated  a  number  of 

times.     The  bandage  may  be  modified 

by  first  making  a  few  circular  turns 

around  the  chest  at  the  level  of  the 

axillary  fold  or  by  alternating  these 

circular    turns     with    the    figure-of-8 

turns.     The  turns    may  l:)e  i>laced  in 

such  a  manner  that  each  shall  exactly 

cover  in  the  preceding  one,   or  each 

tuin   ma}'  overlap  the  preceding  one 

liy  two-thirds  of  its  width.     The  bandage  is  fastened  by  pinning  through  the 

intersections  over  the  sternum. 

Posterior  Figvre-of-8  Bandage   of  the  Chest. — The   initial    extremity-    of   the 


Fig.  330. — Posterior  Figure-of-S  Bandage  of  the 
Chest. 
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roller  (Fig.  336)  is  fixed  between  llie  scapulie  at  the  level  of  the  axilla  and  the 
roller  is  earried  over  one  shoulder  to  its  anterior  aspeet,  under  the  axilla  on  that 
side  to  tile  posterior  aspect  of  the  siioulder,  and  thenee  back  to  the  starting- 
point.  In  a  similar  manner  the  inllcr  is  cai-ricd  ardund  the  other  siioulder.  These 
turns  alternate  first  around  one  shoulder,  then  around  the  other,  until  the  band- 
age is  finished.     The  point  of  intersection  between  the  scapuhp  is  ])inned. 

Spiral  Bandage  of  the  Chest.— TXw  initial  extremity  of  the  roller  (Fig.  337) 
is  fixetl  by  means  of  one  or  two  circular  turns  arouml  tlie  chest  at  the  level  of  the 

xiphoid  cartilage.  Tiie  i-oller  then 
gradually  ascends  the  chest  by 
means  of  spiral  turns,  each  turn 
covering  in  two-thirds  of  the  pre- 
ceding turn  until  the  level  of  the 
axillary  fold  is  reached.  Here  one 
or  two  circular  turns  complete 
the  bandage. 

A  Second  Method  nj  Conijiletinq 
the  Bandage  is  to  make  one  circular 
turn  at  the  level  of  the  axillary  fold, 
pass  under  the  axilla  to  the  posterior 
aspect  of  the  chest,  thence  obliciuely 
to  the  ojiposite  shoulder,  over  this 
to  the  antei'ior  aspect  of  the  chest, 
and  diagonally  down  over  the  turns 
of  the  bandage  to  the  xiphoid  carti- 
lage, \Ahere  the  bandage  ends  and 
is  pinned.  Pins  are  inserted  to 
fasten  this  last  oblique  strip  to  each 
spiral  turn  of  the  bandage. 

Single  Breast  Bandage. — The  roll- 
er (Fig.  338)  is  started  from  the 
scapula  of  the  affected  side,  is  car- 
ried over  the  shoulder  of  the  opposite  side  to  the  anterior  chest  wall,  and  thence 
under  the  affected  breast  and  obliquely  along  the  lateral  and  posterior  chest 
wall  to  its  starting-point.  This  turn  is  repeated  in  ortler  to  secure  the  initial 
extremity.  Again,  starting  from  the  jioint  of  the  initial  extremity  over  the 
scapula  of  the  affected  side,  the  roller  is  carried  completely  around  the  chest 
just  under  the  affected  breast.  These  turns  are  alternated,  each  turn  covering 
in  its  corresponding  preceding  turn  by  two-thirds  of  its  width,  and  thus  gradu- 
ally ascending  and  covering  in  the  breast  completely.  Care  should  be  taken 
that  the  affected  breast  is  comjn'essed  ecjually  and  that  the  other  breast  is  not 
pressed  ui)on. 


Fig.  337. — Spiral  Bandage  of  the  Chest.     Additional 
shoulder  .str,aj)s  are  drawn  on  in  dotted  lines. 
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Double  Breast  Banckuje. — The  fii'st  tuin  of  this  l>aiulagc  (Fig.  339)  is  the  same 
as  that  of  the  single  breast  bandage.  The  secon(  1  turn  is  a  circular  one  around  the 
chest  just  below  the  breasts.     The  third  turn  begins  at  the  \mn\X  of  the  initial 


I'lii.  33S. — Single  Breast  Bandage. 

extremity,  and  the  roller  is  carried  around  the  chest  wall  to  the  under  surface  of 
the  second  breast;  then  it  passes  oblitjuely  up  over  the  anterior  chest  wall  and 
over  the  shoulder  opposite  the  breast  thus  supported,  thence  over  the  posterior 


Fn:.  3.30. — Double  Breast  Bandage. 


chest  wall  to  the  starting-i)oint.  Tm-n  number  two  is  now  repeated,  then  turn 
number  one,  then  tm-n  nmnber  three.  These  turns  are  repeatetl  in  this  order, 
each  turn  covering  in  by  two-thirds  of  its  width  the  corresponding  preceding 
turn,  and  in  this  manner  lioth  l^reasts  are  securely  and  neatly  covered. 
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Ascending  Single  Spica  Bandage  0/  the  Groin. — The  initial  extremity  of  the 
roller  (Fig.  340)  is  fixed  by  means  of  one  or  two  circular  turns  around  the  body 
just  above  the  level  of  the  iliac  crest.  If  the  right  groin  is  the  one  to  be  bandaged 
the  roller  should  run  anteriorly  from  left  to  right,  and  vice  versa.  The  roller 
is  carried  from  the  summit  of  the  iliac  crest  opposite  the  groin  to  be  bandaged, 
oblifiueh"  aci-oss  the  anterior  surface  of  the  abdomen  to  the  outer  side  of  the  thigh 
of  the  affected  side  at  the  junction  of  its  middle  and  uiiper  thirds.  A  circular 
tiu'n  and  a  lialf  is  made  around  the  thigh  at  this  point,  the  roller  emerging  on  the 
inner  sitle  of  the  thigh  and  crossing  the  first  oblique  part  as  low  down  as  possible 
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Fig.  340. 


Fig.  341. 


Fig.  340. — Single  Spica  Bandage  (Ascending)  of  Groin. 
Fig.  341. — Descending  Spica  Bandage  of  tlie  Groin. 


in  the  middle  line  of  the  thigh;  thence  it  passes  over  the  groin  to  the  lateral  as- 
pect of  the  iliac  bone  on  the  same  side,  and  over  this  in  a  slightly  oblique  direction 
to  a  point  above  the  iliac  crest.  A  circular  turn  is  now  made  around  the  body 
just  above  the  iliac  crest,  as  in  the  first  turn  which  secured  the  initial  extremity. 
The  spica  turns  and  the  circular  turns  aroimd  the  thigh  are  alternated  with  the 
circular  turns  around  the  body,  the  two  former  ascending  by  one-third  of  the 
width  of  the  bandage.  In  this  manner  the  upper  third  of  the  thigh  and  all  of  the 
groin  are  completely  covered  in.  Either  the  circular  turn  arountl  the  body  or 
that  around  the  thigh,  or  both,  ma},  be  omitted.  The  spica  turns  shoulil  cross 
each  other  exactly  m  the  middle  line  of  the  thigh  and  groin.  If,  in  bandaging 
the  right  thigh,  the  bandage  is  started  aromul  the  body  from  right  to  left,  instead 
of  from  left  to  right,  the  roller  will  then  of  course  be  carried  obliquely  across  the 
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groin  fi'iiin  tlic  lateral  surface  of  the  iliac  crest  of  the  affected  side  to  the  in- 
ternal aspect  of  the  thigh  at  the  junction  of  its  middle  and  upper  thirds, 
where  a  circular  turn  and  a  half  is  made.  The  roller  emerging  on  the  outer  side 
of  the  thigh  is  carried  oldiijuely  across  the  anterior  surface  of  the  thigh,  crossing 
the  first  ol)li(iue  part  of  the  s]>ica  turn  in  the  middle  line  of  the  thigh  as  low  down 
as  possii)l(',  and  is  carried  ohli(|ue!y  across  the  anterior  surface  of  the  abdomen 
to  above  the  iliac  crest  of  the  ojiposite  siile  and  thence  circularly  around  the 
body  to  its  starting-point.  If,  in  bandaging  the  left  groin,  the  roller  is  started 
from  the  left  to  the  right,  the  above  description  also  holds  good  for  that  side. 


Fig.  342.  Fig.  343. 

Fig.  342. — Ascending  Sjjica  Bandage  of  Both  Groins. 
Fig.  343. — Descending  Spica  Bandage  of  Both  Groins. 

Descending  Single  Spica  Bandage  of  the  Groin. — The  descending  spica  of  the 
groin  (Fig.  341)  is  applied  in  the  same  manner  as  the  ascending,  and  consecjuently 
the  same  description  holds  good  for  both,  with  the  exception  that,  whereas  in  the 
case  of  the  ascending  spica  the  first  turn  is  placed  at  the  junction  of  the  middle 
with  the  upper  third  of  the  thigh,  and  the  subsequent  spica  turns  ascend  from 
that  point  by  one-third  of  their  width,  in  the  case  of  the  descending  spica  the 
first  turn  is  placed  as  high  in  the  groin  as  possible  and  the  subseciuent  spica  turns 
descend  by  one-third  of  their  width  until  the  junction  of  the  middle  with  the  upper 
third  of  the  thigh  is  reached. 

Ascending  Spica  Bandage  of  Both  Groins. — The  initial  extremity  of  the  band- 
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age  (Fig.  342)  is  fixed  by  means  of  one  or  two  circular  tui'ns  around  tlie  body  just 
above  the  level  of  the  iliac  crests.  The  roller  runs  from  left  to  right,  or  from 
right  to  left ,  according  to  the  thigh  which  is  t  o  receive  the  first  si)ica  turn.  Start- 
ing fnmi  tlic  iliac  crest  of  (Uie  side  the  roller  is  c'lrricd  nbli(|uely  across  the  anterior 
surface  of  the  abdomen  ami  gi-oin  to  the  external  surface  of  the  opposite  thigh  at 
the  junction  of  its  middle  ami  upper  thirds.  Here  a  circular  turn  and  a  half  is 
made,  the  roller  emerging  from  the  inner  side  of  the  thigh  and  passing  obli<|uely 
across  the  first  part  of  the  .spica  in  the  middle  liiw  of  the  thigh  as  low  down  as 
possible,  llien  obli(|uely  ascending  to  the  lateral  surface  of  the  iliac  bone  of  the 
same  sitle,  thence  obliquely  around  the  body  posteriorly  to  the  ojjposite  iliac  cre.st. 
A  circular  turn  is  made  around  the  body  and  the  bandage  is  carried  only  to  the 


Fig.  344. — Figure-of-8  Knee  Bandage. 

iliac  crest  opposite  the  groin  yet  to  be  bandaged.  The  roller  is  then  carried  ob- 
liquely across  the  back  to  the  lateral  aspect  of  the  iliac  bone  of  the  opposite 
side,  and  thence  obliquely  over  the  anterior  surface  of  the  groin  of  that  side  to  the 
anterior  surface  of  the  thigh  at  the  junction  of  its  middle  and  upper  thirds,  where 
a  circular  turn  and  a  half  is  made.  The  roller  then  emerges  on  the  external  sur- 
face of  the  thigh  and  ascends  obliquely  over  the  anterior  surface  of  the  groin, 
crossing  the  first  oblique  part  of  the  spica  turn  in  the  middle  line  of  the  thigh. 
Thence  the  roller  is  carried  obliquely  over  the  anterior  surface  of  the  abdomen 
to  the  opposite  iliac  crest,  where  a  circular  turn  is  made  around  the  body.  These 
turns  are  repeated  in  the  following  order:  first,  a  circular  turn  ai-ound  the  body; 
then  a  spica  turn  around  one  groin,  the  bandage  emerging  from  the  inner  side 
of  the  thigh  after  surrounding  it ;  then  a  circular  turn  around  the  body,  and  a 
spica  turn  around  the  other  thigh,  the  bandage  emerging  from  the  outer  side  of 
the  thigh  after  surrounding  it  by  a  circular  turn;  then,  finally,  a  circular  turn 
around  the  body,  until  both  groins  and  the  upper  third  of  both  thighs  are  com- 
pletely covered  in.  The  circular  turns  about  the  body  accurately  overlie  each 
other,  and  the  circular  turns  about  the  thighs  ascend  by  one-third  of  their  width. 
Either  the  circular  turns  around  the  body  or  the  circular  turns  around  the  thighs 
or  both  may  be  omitted. 

Descending  Spica  Bandage  of  Both  Groins. — The  descending  spica  of  both 
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groins  (Fig.  343)  is  applied  in  tlie  same  manner  as  tlie  ascending  spica,  witli  the 
exception  tliat  the  oblique  turns  in  the  deseending  spica  begin  to  cross  high  up  in 
the  groin  and  descend  to  the  junction  of  the  middle  with  the  upper  third  of  the 
thigh. 

Figure-ii/S  Bandage  of  iJic  Knee. — The  initial  extremity  of  the  liandage 
(Fig.  344)  is  fixed  by  means  of  one  or  more  circular  turns  around  the  thigh  a 
short  distance  above  the  knee  joint. 
The  roller  is  carried  oblicjuely  across 
the  popliteal  space  to  the  inner  sur- 
face of  the  leg  and  surrounds  the  leg 
by  a  circular  turn  about  three  inches 
below  the  knee  joint.  The  roller  is 
then  passed  obli(iuely  upward  across 
the  popliteal  space,  crossing  the  first 
oblique  turn  in  th(>  middle  line  to 
the  inner  surface  of  the  thigh,  where 
a  circular  turn  is  made  which  over- 
laps the  preceding  circular  turn  at 
this  point  liy  two-thirds  of  the  width 
of  the  bandage  and  approaches  the 
knee  joint  by  one-third  of  its  width. 
The  popliteal  space  is  again  crossed 
to  the  circular  turn  Ix'low,  and  here 
is  made  another  cirevdar  turn  which 
ascends  toward  the  knee  joint  by 
one-third  of  the  width  of  the  band- 
age. These  turns  are  continued  first 
above  and  then  below  the  knee,  the 
upper  ones  gradually  descending  and 
the  lower  ones  gradually  ascending 
until  the  knee  is  entirely  and  securely 
covered. 

Figure-ofS  Bandage  of  Both  Knees. 
— The  jiatient's  knees  are  placed 
closely  together,  being  separated  only 
by  a  layer  of  non-absorbent  cotton  or 
some  soft  material  to  protect  the  opposing  bony  ]  )rominences  from  ])ressure.  1  he 
initial  extremity  of  the  bandage  is  fixed  by  means  of  one  or  two  circular  turns 
which  include  both  thighs  at  a  short  distance  from  the  knee  joints.  The  roller  is 
carried  obliquely  across  both  popliteal  spaces  to  a  point  about  three  inches  below 
the  knees,  where  a  circular  turn  is  made  around  both  legs.  The  popliteal  space 
is  again  obliquely  crossed  by  the  roller  and  a  circular  turn  is  made  around  both 


Fig.  345. — Reversed  Spiral  Baiulage  of  the  Leg. 
(In  the  drawing  the  turns  of  the  biiudage  sliould 
Iiave  been  carried  farther  down  on  tlie  toes.) 
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the  thiglis,  this  turn  overlapping;  the  previouw  turn  by  two-thirds  and  descenthng 
toward  the  knees  by  one-tliird  of  the  width  of  the  bandage.  Again,  the  popliteal 
spaeos  are  crossed  to  tlic  ti.rii  below  the  knees  and  a  second  circular  turn  is  made 
there,  this  turn  ox'erlappiiii^  the  previous  one  liy  two-thirds  and  ascending  toward 

till'  knees  by  one-third  of  its  width. 
These  circular  turns  are  repeated, 
liist  one  above  and  then  one  Ijelow 
the  knees,  luitil  the  parts  are  com- 
pletely covered.  Finally,  to  com- 
]  ilete  the  bandage,  the  roller  is  passed 
from  the  posterior  surface  between 
the  thighs  to  the  anterior  surface  of 
the  bandage,  over  this  to  between 
t  he  legs,  and  so  posteriorly  to  emerge 
between  the  thighs,  and  is  fastened 
on  the  anterior  surface. 

Reversed  Spiral  Bandage  of  the 
Lower  Extremity. — One  of  the  foot 
bandages  is  first  applied.  Instead 
of  ending  the  foot  bandage  at  the 
ankle,  the  roller  (Fig.  345)  is  car- 
ried up  the  leg  by  means  of  spiral 
or  spiral  reversed  turns,  according 
to  the  conformation  of  the  part,  until 
the  knee  is  reached ;  here  the  band- 
age may  be  ended  with  a  few  circular 
turns,  or,  with  the  leg  in  the  extend- 
ed jiosition,  it  may  be  continued  on 
up  the  thigh  to  the  groin,  and  either  end  there  or  a  spica  of  the  groin  be  added 
for  additional  security.  If  it  is  desired  to  allow  the  patient's  knee  to  remain  in 
a  flexed  position,  the  figure-of-S  bandage  of  the  knee  may  take  the  place  of  the 
spiral  or  spiral  reversed  turns  in  that  region. 

Short  Figure-of-S  Bandage  of  the  Leg. — If  the  leg  is  fairly  well  nourished 
this  is  the  best  bandage  to  use.  (Fig.  346.)  First  apply  one  of  the  foot  bandages, 
then  ascend  the  leg  by  means  of  spiral  or  spiral  reversed  turns  until  the  lower  part 
of  the  calf  is  reached;  here  the  figure-of-8  turns  begin.  The  bandage  is 
carried  ol)li(iuely  upward  and  around  to  the  median  line  posteriorly,  whence  it  is 
carried  obliquely  downward  and  around  to  the  front  of  the  leg,  crossing  the 
starting-point  as  near  the  median  line  as  is  permissible  without  bringing  too 
much  pressure  over  the  long  ridge  of  the  tibia.  These  figure-of-8  turns  are 
repeated,  gradually  ascending  the  leg  until  the  calf  is  coveretl.  The  bandage 
is  coinpleted  by  one  or  more  circular  turns  around  the  leg  just  below  the  knee. 


Fig.  346. — Short  Figure-oi-8  Tiandage  of  the  Leg. 
(In  the  drawing  tlie  turns  ot  the  bandage  sliould 
have  extended  farther  down  on  the  toe.s.) 
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Long  Figure-of-S  Bandage  of  (lie  Leg. — The  initial  extremity  of  tiic  liaml- 
age  (Fig.  347)  is  fixed  by  one  or  two  cii-cular  turns  around  tlie  anl<le,  and  some 
form  of  foot  bandage  is  then  applied.  When  it  again  reaches  the  ankle  the  roller 
is  carried  so  as  to  conform  evenly  to  the  jiarts  bj'  an  obliiiue  turn,  but.  whi'U  the 
knee  is  reached,  a  circular  turn  is 
made  and  an  oblique  turn  is  carried 
in  a  downward  direction  imtil  the 
first  circular  turn  at  the  ankle  is 
reached.  An  ascending  spiral  turn 
is  made  at  the  knee  and  an  ol)li(iue 
turn  in  the  downward  direction  is 
repeated.  These  turns  are  repeat- 
ed, each  evenly  applied  according 
to  the  conformation  of  the  limb, 
until  the  entire  leg  is  securely  band- 
aged. This  bandage  is  one  of  the 
easiest  of  the  leg  bandages  to  a])ply 
and  affords  even  pressure. 

Figure-of-8  Bandage  of  the  Fool 
and  Ankle. — The  initial  extremity 
of  the  bandage  is  fixed  by  a  circulai- 
turn  or  two  just  above  the  malleoli. 
The  roller  is  carried  oblirjuely  across 
the  instep  to  the  base  of  the  toes, 
where  a  circular  turn  is  matle  and 
the  roller  is  returned  to  a  point 
above  the  outer  malleolus.  A  circu- 
lar turn  overlying  the  first  circular 
turn  is  then  made.  These  turns  are 
continued,  one  above  and  one  be- 
low the  ankle,  those  above  gradu- 
ally descending    and   those    below 

gradually  ascending  imtil  the  instep  and  ankle  are  covered 
completed  by  a  circular  turn  around  the  ankle. 

Spiral  Bandage  of  the  Foot. — The  initial  extremity  is  fixed  by  the  finger  tips 
placed  above  the  inner  malleolus.  The  roller  is  carried  around  the  ankle  an- 
teriorly; it  crosses  the  initial  extremity  ami  thus  fixes  it.  The  roller  now 
crosses  the  instep  to  the  base  of  the  toes,  where  a  circular  turn  is  made. 
S])iral  turns,  ascending  the  foot  and  instep,  are  next  made  as  far  as  the  conforma- 
tion of  the  parts  permits.  The  roller  is  then  carried  to  the  ankle,  a  few  circular 
turns  are  made,  and  the  terminal  extremity  is  fastened. 

S])iral  Rerer><ed  Bandage  of  the  Foot. — The  motle  of  application  is  the  same  as 


I'lii.  347.  —  Ijong  Figure-of-S  Banilago  of  the  Lug. 
(Tile  artist  has  not  carried  tlie  bantlage  far  enough 
liown  over  the  toes.) 


The  bandage  is 
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tliat  of  the  spiral  l)aii(la^(',  cxccpl  that  sjiiral  rcvcrsrd  turns  arc  employed  in  ])lace 
oF  si)inil  tvu'iis. 

tSpica  Bdiiddijc  (>/  the  Fout.  (Fiji.  o4S.) — The  initial  exti'eniit}'  is  lixed  by  a 
circular  turn  or  two  above  the  malleoli,  and  the  roller  is  carried  oblicjuely  across 

the  instep  to  the  base  of  the  toes,  where  a  cir- 
cular turn  is  made.  The  roller  is  carried 
obliquely  across  the  instep  to  the  lateral  aspect 
of  the  foot,  alons  the  lateral  aspect  to  the  pos- 
terior sui'faee  of  the  heel  well  d.)wii,  tlience 
along  the  lateral  aspect  of  the  foot  oblitiuely 
across  the  instc]):  it  crosses  the  instep  and 
turns  oljliijuely  in  the  median  line  to  the  other 
side  of  the  foot.  This  completes  the  first  spica 
tiu-n.  These  spica  turns  are  re])eated,  each 
one  ascending  the  foot  by  one-third  of  the 
width  of  the  bandage  until  the  foot  and  ankle 
are  covered  in.  The  bandage  is  completetl  by 
a  few  circular  turns  above  the  malleoli.  It 
may  be  desirable  to  apply  a  few^  spiral  or  spiral 
reversed  turns  around  the  instej)  before  begin- 
ning the  spica  turns,  in  order  to  make  the 
bandage  look  neater.  The  intersection  of  the 
spica  turns  should  always  be  in  the  metlian  line. 
Serpentine  Bandage  of  the  Foot. — The  initial 
extremity  of  the  bandage  (Fig.  349)  is  fixed 
by  means  of  a  circular  turn  or  two  above  the 
malleoli.  The  roller  is  carried  oljliijuely  across 
the  instep  to  the  base  of  the  toes,  where  a  cii'cular  turn  and  a  half  is  made, 
bringing  the  roller  to  the  middle  line  anteriorly.  The  roller  is  carried  oblique- 
ly to  the  outer  edge  of  the  sole,  then  under  the  hollow  arch  of  the  foot  to 
the  internal  lateral  aspect  of  the  heel,  well  down,  thence  obli(|uely  up  over 
the  posterior  aspect  of  the  heel  to  the  external  malleolus,  and  obliquely  to 
a  point  above  the  malleoli,  where  a  circular  turn  is  made.  This  forms  turn 
number  one.  The  roller  is  now  carried  obliquely  across  the  instep  to  the  base 
of  the  toes,  the  roller  naturally  going  to  the  internal  aspect  of  the  base  of 
the  toes,  whereas  in  tiu'n  number  one  it  came  to  the  external  aspect.  A  cir- 
cular turn  and  a  half  is  made  around  the  base  of  the  toes.  Thence  the  roller 
is  carried  obliquely  over  the  instep  to  the  internal  edge  of  the  sole  of  the  foot, 
then  onward  beneath  the  hollow  arch  of  the  foot  obli(|uely  to  the  external  lateral 
aspect  of  the  heel,  well  down,  thence  obli(|uely  up  over  the  posterior  aspect  of  the 
heel  to  the  internal  malleolus,  and  obliquely  to  a  point  above  the  malleoli,  where  a 
circular  turn  is  made.     This  forms  turn  number  two.     (Fig.  350.)    Turn  number 


Fig.  348.  —  Spica  Bandage  of  tlie 
Foot.  (The  turns  of  the  bandage  should 
have  been  carried  down  lower  over  the 
toes.) 
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three  is  a  circular  turn  around  tlie  instep  and  point  of  tlie  heel,  the  edges  of  wliicli 

are  held  and  covered  in  by  a  repetition  of  turns  number  one  and  two,  thus  com- 
pletely covering    in  the    heel.      Turns 

number  one,  two,  and  three  are  repeated 

until  the  parts  are  sufficiently  covered. 

If  it  is  not  desired  to  cover  in  the  heel, 

the  circular  tiu-n  number  three  may  be 

omitted.     This  forms  the  most  efficient 

foot  bandage. 

Becurrent  Bnudaije  of  the  Foot. — Any 

of  the  usual  foot  bandages  may  have 

included  recurrent  turns  for  the  purpose 

of  covering  the  toes.     Combinations  of 

spiral,  spiral  reversed,  spica,  figurc-of-8, 

reciu'rent,  and  serpentine  bandages   of 

the  foot  may  be  used  as  indications  arise 

in  individual  cases.     It  may  sometimes 

be  necessary  to  carry  spiral  or  spiral  re- 
versed turns  above  the  ankle. 

Spica    Bandage  of    the    Great    Toe. 

(Fig.  351.) — This  is  applied  in  a  man- 
ner similar  to  that  onqiloyed  in  applying  asijicaof  the 
thiunb.  The  initial  extremity  is  fastened  by  one  or 
two  circular  turns  aliove  the  malleoli.  The  bandage 
then  crosses  the  instep  f)bli(iuely  from  above  the  inter- 
nal malleolus  to  the  outer  side  of  the  great  toe.  A  cir- 
cular turn  is  made  around  the  great  toe,  as  near  the 
tip  as  possible,  and  the  roller  is  carried  from  the  inner 
side  of  the  toe  obliquely  across  the  instep ;  it  crosses 
the  first  oblique  part  of  the  spica  as  near  the  tip  of  the 
toe  as  ]30ssible  and  passes  thence  above  to  the  exter- 
nal malleolus.  Here  a  circular  turn  is  made.  If  de- 
siretl,  the  tip  of  the  toe  maybe  covered  in  by  a  few 
recurrent  turns.  The  spica  turns  are  repeated;  they 
ascend  toward  the  base  of  the  toe  each  time  by  one- 
third  of  the  width  of  the  Ijandage,  until  the  toe  is  com- 
pletely covered.  The  circular  turns  around  the  toe 
maj'  be  omitted. 

Serpentine  Bandage  of  the  Great  Toe. — The  initial  ex- 
tremity of  the  bandage  is  fastened  by  means  of  one  or 
two  circular  turns  above  the  malleoli.     The  roller  is 

then  carried  ol)li(|uely  across  the  instep  to  the  outer  edge  of  the  sole,  oblicjuely 


-Serpentine  Handage  of  the  l-'oot, 
First  Turn. 


Fig.  3.50. — Serpentine   Band- 
age of  tlie  Foot,    SeeontlTvirn. 
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under  the  8ole  to  a  point  just  po.stciior  to  the  thenar  eminence,  then  to  the 
inner  edye  of  tlic  foot,  and  finally  across  the  anterior  surface  of  the  base  of 
the  toe  to  its  ti]).  lleic  a  circular  turn  is  made  and  a  few  recuri-ent  turns  may 
be  added.  From  the  tip  of  the  toe  the  mllcr  crosses  the  anterior  surface  of  the 
base  of  the  toe,  and  passes  thence,  ol)li(|uely  across  the  base  of  the  other  toes, 

to  the  outer  surface  of  the  foot  at  a  point  oppo- 
site the  hypothenar  eminence.  The  roller  passes 
under  the  sole  (il)lii|ui']y,  just  Ix'hind  tiie  thenar  emi- 
nence under  the  arch,  to  emerge  at  the  inner  edge 
of  the  foot,  and  from  this  point  it  passes  oblicjuely 
across  the  instep  to  a  point  above  the  external 
malleolus.  Here  a  circular  turn  is  made.  These 
serpentine  turns  are  rei)eated,  each  overlapping  the 
preceding  one  to  a  slight  extent  until  the  toe  is  com- 
pletely covered. 

Compound  Bundnges. — Compound  bandages  are 
used  for  the  most  part  to  take  the  place  of  roller 
liandages,  for  use  in  unskilled  hands.  They  are 
usually  made  of  unbleached  muslin  cut  to  conform 
to  the  shape  of  the  part  of  the  body  to  which  they 
are  applied.  They  are  used  in  first-aid  dressing  on 
the  battlefield ;  but  few  of  the  bandages  are  useful 
in  civil  practice,  as  they  afford  neither  the  comfort 
nor  the  security  of  the  well-applied  roller  bandage. 
Of  those  used  in  civil  practice  the  sling  is  the  one 
most  frecjuently  employetl.  For  supporting  the 
forearm,  a  yard  square  of  unbleached  muslin  is  cut 
diagonally,  two  triangular  slings  thus  being  provided;  or  the  yard  scjuare  may 
be  folded  diagonally  on  itself,  thus  forming  a  triangle.  The  apex  of  the  triangle 
is  applied  beneath  the  elbow,  the  portion  of  the  sling  next  the  body  is  carried 
over  the  opposite  shoulder,  the  other  portion  over  the  shoulder  of  the  affected 
side,  and  the  ends  are  fastened  by  knotting  them  at  the  back  of  the  neck. 
Enough  traction  is  used  to  insure  that  the  body  of  the  triangle  affords  equal 
support  to  the  entire  length  of  the  forearm.  The  apex  of  the  triangle  is  se- 
cured to  the  front  of  the  sling.  To  afford  additional  security  the  two  sides  of 
the  sling  may  be  sewed  or  pinned  together  just  above  and  parallel  with  the 
forearm.     (Fig.  352.) 

Another  variety  of  sling  for  the  upper  extremity  is  made  by  using  a  strip  of 
muslin  three  feet  in  length  antl  of  sufficient  breadth  to  support  the  forearm. 
A  bandage  or  binder  of  the  chest  is  first  applied,  one  end  of  the  sling  being  pinned 
in  front  to  the  median  lioe  of  the  binder  or  bandage.  The  other  end  is  passed 
between  the  body  and  the  arm,  beneath  the  latter,  and   around  it  to  the 


Fig.  351. —  Spica  Bandage  of 
the  Great  Toe.  (Tn  actual  jirac- 
tice  tlje  bandaged  too  sliould  lie 
quietly  on  the  same  le\'el  as  its 
neiglibor.) 
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starting-point,  wliere  it  is  pinned  witli  enougli  traction  to  support   tlie   arm 
comfortably. 

SliiKj  for  the  Lover  Extremity. — A  long  external,  well-pacUled  board  splint, 
ten  inches  i)roail  and  extending  from  the  axilla  to  a  jioint  lielow  the  heel,  is 
secured  to  the  chest  and  pelvis  by  a  bandage  of  adhesive  plaster.  A  strip  of 
muslin  broad  enough  to  surrounil  the  lower  extremity  is  used.  One  edge  of 
the  long  side  is  tacked  to  the  upijermost  edges  of  that  jxjrtion  of  the  s))lint  which 


Fig.  352.— Arm  Slins. 


corresponds  to  the  leg  and  thigh.  The  strijj  is  then  passed  under  the  leg  and 
thigh  back  to  the  first  edge  and  there  fastenetl,  sufficient  tension  being  used  to 
support  the  limb  comfortably. 

T-bandages:  are  mostly  used  for  holding  perineal  or  vulvar  dressings  in  place. 
(Fig.  353.)  They  may  be  modified  to  secure  dressings  in  other  parts  of  the  body, 
such  as  the  head  and  face. 

The  Single  T-handagc  (Fig.  354)  is  made  by  sewing  a  strij)  of  unbleached 
muslin,  three  inches  wide  by  eighteen  inches  long,  to  the  middle  of  another  strip 
four  inches  wide  by  forty  inches  long.     The  edges  should  be  hemmed. 

The  Double  T-bandage  (Fig.  355)  is  made  by  sewing  two  short  strips  to  the 
middle  of  the  long  strij).  The  long  strip  or  body  of  the  bandage  may  be  made 
vol..  IV. — 37 
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Fig.  353. — T-Bandage,  Applied. 


wider  accortliiig  tcj  tlic  part  of  tlic  body  to  wliicli  it  is  intended  to  apply  it.     The 

two  strips  may  be  fastened  tlirougliout  u  short  (Ustance  to  each  side  of  the 

midillc  of  tile  Ijody  of  tlie  liandage. 

Triaiii/iilar  Bandages  are  modified 
T-I)an(iages.  'I'lie  vertical  strip  of  the 
single  T-bandagi'  is  matle  broad  at  the 
base  and  triangular  in  shape,  the  base 
being  attached  to  the  body  of  the 
bandage.  This  form  of  bandage  is 
useful  in  securing  dressings  in  the  re- 
gion of  the  groin  (Fig.  350),  in  the  glu- 
teal region,  and  in  the  anal  region.  In 
applying  a  T-bandage  to  retain  dress- 
ings against  the  perineum,  or  against 
some  part  in  that  neighborhood,  the 
body  of  the  bandage  is  first  made  to 
surround  the  pelvis  and  then  is  fast- 
ened in  the  median  line  in  front.  The 
vertical  strip  or  strips  are  then  drawn 
taut  from  behind  forward  over  the  dress- 
ing and  are  secured  to  the  body  of  the  bandage  over  the  lower  part  of  the  abdomen. 
When  the  T-bandage  of  the  Chest  (Fig.  357)  is  applied,  the  body  of  the  bandage, 

ten  or  twelve  inches  broad,  is  made  to  surround 

the  chest,  being  fastened  by  pins  in  the  median 

line   in    front.     The   vertical   strips   are   then 

brought  from  behind  forward  snugly  over  the 

shoulder   and   fastened   to   the    botly   of   the 

bandage  in  front. 

The   Abdominal    T-bandage  or   Abdominal 

Binder  (Fig.  358)  is  made  of  two  thicknesses 

of  unbleached  muslin,  or  of  one  thickness  of 

canton  flannel,  in  several  sizes,  from  ten  to 

eighteen  inches  wide,  by  f ,  |,  1,  1|,  1^,  and  1-J- 

yards  long.     The  body   of  the  bandage  sur- 
rounds  the   abdomen   and   pelvis,    the   lower 

edge  of  the  body  of  the  bandage  reaching  well 

down  on  the  thighs.     It  is  securetl  in  front 

with  safety-pins  and   the  vertical  strips  are 

passed  from  behind  forward  between  the  thighs 

and   fastened   anteriorly   to  the  body  of  the 

bandage,  thus  securing  it  and  preventing  it 

from  slipping  up  upon  the  abdomen.     These  Fig.  354.— T-Bandage  (Single). 
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strips  are  called  perineal  straps,  and,  instead  of  being  originally  part  of  the 
bandage,  they  may  Ix'  pinned  in  place  after  the  body  of  the  bandage  has  been 
applied  so  as  to  permit  of  their  easy  removal  shoukl  they  become  soiled.  The 
abdominal  binder  is  made  to  conform  more  snugly  to  the  parts  by  pleating  with 
safety-pins  on  each  side. 

Hernia  Bandage. — This  is  made   by  lengthening  the  body  of  an  ordinary 
triangular  bandage  sufficiently  to  allow  the  body  of  the  bandage  to  encircle 


Fig.  355.— Double  T-Bandage  Applied. 


the  body  twice.  A  three-inch  roller  is  attached  to  the  apex  of  the  triangle, 
and  this  is  used  as  a  spica  of  the  groin  after  the  triangle  is  applieil. 

The  Breast  Binder  (Fig.  359)  should  be  made  of  two  thicknes.ses  of  unbleached 
muslin  or  of  one  thickness  of  canton  flannel.  It  resembles  an  armless  jacket. 
The  dimensions  are :  length,  one  yard  and  one-fourth;  width,  at  the  back, 
sixteen  inches,  in  front  eleven  inches,  under  the  arms  nine  inches.  The  body 
of  the  bandage  surrounds  the  chest  antl  is  secured  by  ])inning  in  the  median  line 
in  front.  The  portions  corresponding  to  the  strips  of  the  T-bandage  of  the 
chest  are  fastened  over  each  shoulder  with  safety-pins.  (Fig.  360.)  The  band- 
age is  made  to  fit  snugly  by  taking  pleats  in  the  sides  with  safety-pins.  This 
bandage  is  most  frequently  used,  after  a  radical  operation  for  carcinoma  of  the 
breast,  to  retain  dressings  and  to  afford  support  to  the  ojjposite  breast. 

Four-tailed  Bandage. — This  is  a  modification  of  the  T-bandage.     It  is  made  by 
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Fig.  356.— Triangle  of  Groin. 

knotted.     Tlic   four  ends  are  tlien  tiet 
part  of  the  bandajie  is  cut  away. 

Retractor  Ba}iduyet>. — Modifications 
of  the  T-bandages  are  used  for  tlic 
purpose  of  retracting  the  soft  i)ai-ts 
in  amputations,  in  order  to  prevent  in- 
jury to  the  soft  parts  while  section  of 
the  bone  is  made.  They  are  two-tailed 
for  amputations  of  the  humerus  or 
femur,  and  three-tailed  for  amputa- 
tions of  the  forearm  or  leg.  They  are 
made  of  several  thicknesses  of  un- 
bleached muslin,  each  tail  measuring 
twenty  inches  long  by  eight  inches 
wide. 

The  Scultetus  (Fig.  362)  is  another 
form  of  many-tailed  bandage.  That 
most  frequently  used  is  similar  to  an 
abdominal  binder,  the  binder  being 
split  into  many  tails  from  each  extrem- 
ity to  a  point  within  four  inches  of 
either  side  of  the  middle  line  of  the 
bandage.  Such  a  bandage  is  useful 
in  retaining  dressings  upon  an  abdom- 


i~plittiiig  in  two  and  tearing  longitudin- 
ally a  strip  of  bandage  four  inches  broad 
by  Ihree  feet  long.  Each  end  is  split 
loiifiitudinnlly  up  to  a  ])oint  within  four 
inclii's  (if  IJic  middle  of  tlie  strip.  The 
unsplit  portion  is  the  body  of  the  band- 
age. Such  a  bandage  is  useful  in  retain- 
ing certain  fractures  of  the  jaw  in  j^osi- 
tinii,  ami  fin-  dix'ssings  in  the  region  of 
tlic  chill.  (Fig.  361.)  The  bodyof  the 
bandage  is  applied  to  the  symphysis  of 
the  upper  jaw.  The  upiier  two  of  the 
four  tails  are  carried  directly  backward 
to  beneath  the  inion  and  are  there  drawn 
taut  and  knotted.  The  lower  two  of 
the  four  tails  are  carried  directly  up- 
ward until  the  vertex  of  the  skull  is 
reached,  where  they  are  di'awn  taut  and 
i  tightly  together  and  the  superfluous 


Fig.  357.— T-Bintler  for  the  Cliest. 
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inal  wound  and  in  exerting  even  pressure  during  paracentesis  abdominis.  In 
the  latter  case,  as  the  fluid  is  witiidrawn  from  the  al)d()nien  the  tails  of  the 
Ijandage  are  drawn  tighter  and  tighter  so  as  to  exert  even  pressure  upon  the 
abdomen.  \\'hen  the  scultetus  is  applied  for  retaining  abdominal  dressings 
the  lower  tails  of  the  bandage  are  first  brought  across  the  lower  jiart  of  the 
abdomen  and  fastened,  then  the  other  tails  are  alternately  brought  into  place, 
first  from  one  side  and  then  from  the  other  sitle,  from  below  upward.  (Fig.  363.) 
Fixation  Bandages. — Bandages  in  which  are  incorporated  materials  that 
finally  harden  lia\e  been  in  use  since  the  middle  ages.    The  old  Arabic  })hysicians 


Fic:.  .358. — Abdominal  Binder,  Showing  tlic  Perineal  Straps. 


Albugerig,  Athuriscus,  and  Rhazes  used  bandages  in  which  were  incorporated 
albumen,  gypsum,  and  rlialk.  The  use  of  such  l)andages  wa,s  apparently  common 
in  the  Orient  for  centuries.  Lai-rey,  in  the  course  of  Napoleon's  Egyj)tian  cam- 
paign, found  the  Egyjjtians  using  a  hardening  mixtiu-(>  of  white  of  egg,  cam- 
phor spirits,  and  subacetate  of  lead  in  cases  of  fractures  from  gunshot  injury.  He 
mentions  that  the  Greeks  for  a  long  time  had  used  a  retentive  bandage  made  of  a 
mixture  of  nuissel  shells,  chalk,  albumen, oil,  and  hemp.  These  bandages  were 
removed  by  employing  the  solvent  action  of  a  steam  bath.  In  1798  the  English 
Consul  Eaton,  stationed  at  Bassora,  reported  that  the  native  surgeons  had  been 
successful  in  healing  a  complicated  fracture  of  the  leg  in  a  soldier  by  means  of 
plaster  of  Paris.  This  was  a  case  in  which  the  English  naval  surgeons  were  about 
to  amputate  the  limb.  Froriep  gave  further  publicity  to  these  facts  in  1817,  and 
two  Berlin  surgeons,  Kluge  and  Dieffenbach,  1828,  made  experiments  with  the 
plaster-of-Paris  bandage.  Their  methods  were  so  crude  that  the  treatment 
was  abandoned.  The  extremity  was  oiled  and  placed  in  a  long  wooden  chest 
which  was  filled  with  a  jjulp  of  ])laster  of  Paris.  After  the  hardening  had  taken 
place  the  lateral  boards  of  the  box  were  removed.    A  Belgian  surgeon,  Seutin, 
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wrote  on  tho  suhjcct  in  1S44.     Two  Dutch  surgeons,  Mathyson  and  van  der  Loo, 
in  1848  developed  the  piaster-of-raris  l>andai,fe  as  it  is  \ised  to-day.     (Iluctor.) 
Pirogoff  and  Szymanowski  roconuncnded  tiie  use  of  ]>last('r-of-Paris  com- 
presses in  place  of  the  bandage — i.e.,  linen  strips  dip])ed  in  a  paste  of  plaster 


I'Ki.  359.  — Breast  Binder. 


of  Paris.  This  form  has  tho  advantage  of  being  cheaper,  especially  if  the  skin  is 
only  oiled  and  not  bandaged  previous  to  the  apjilication  of  the  plaster  com- 
presses. It  has  the  disadvantage,  however,  of  making  a  dressing  that  is  very 
clumsy  and  that  can  be  removed   only  with  difhculty.     Narrow  plaster-of-Paris 


Fio.  3(11).      I'.rea.st  Biiulir,  .Vpplied. 


strips,  made  moist,  practically  do  all  that  a  plaster-of-Paris  bandage  does.  These 
folded  several  times  may  be  used  to  strengthen  weak  parts  of  the  applied  plaster- 
of-Paris  bandage,  esiiecially  at  the  joints.  Pasteboard  splints  dipped  into  warm 
water  may  be  adjusted  at  the  weak  places,  or  a  rigid  splint  of  iron  or  iron  wire 
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(Esmarch)  may  be  incorporated.  The  incorporation  of  such  additional  .splints  is 
useful  where  it  is  desired  to  make  a  cast  as  light  as  possible.  Beeley  recommends 
that  plaster-of-Paris  splints  be  made  by  dipping  strands  of  hemp  into  plas- 
ter-of-Paris  paste. 

The  Bavarian  splint  exemplifies  one  of  the  oUler  methods  of  applying  plaster 
of  Paris.  Two  pieces  of  flannel,  canton 
flannel,  or  other  similar  material  are 
cut  to  conform  to  the  part  to  be  en- 
closed and  are  sewn  together  by  a 
double  line  of  stitching  lengthwi.'^e  in 
the  niiddie  line.  The  inner  of  these 
two  pieces  is  ai)i)lie(l  to  the  part  and 
thickly  coated  with  plaster-of-Paris 
paste.  The  outer  piece  is  then  drawn 
over  tiiis,  and  the  whole  moulded  to 
the  ]mrt.  When  the  plaster  has  set, 
the  tlressing  is  cut  down  in  the  midtlle 
line  anteriorly.  This  allows  of  ready 
removal  and  insjjection,  as  the  jilace 
where  the  two  pieces  of  material  were 
sewn  together  acts  as  a  hinge.  A  much 
neater  method  of  application,  though 
more  tedious,  consists  in  applying  one 
lateral  half  at  a  time,  waiting  f(ir  it 
to  harden,  and  then  turning  the  edge 
of  the  external  outer  half  of  the  ma- 
terial over  the  internal  half.  This  disposes  of  the  necessity  for  cutting  the  cast. 
The  whole  is  held  in  place,  after  hartlening.  l>y  a  roller  bandage. 

Manufacture  of  Plaster-uf-Paris  BdudfK/cs. — A  perforated  piece  of  tin  one 
inch  wide  and  of  a  length  equal  to  the  width  of  the  bandage  is  shaped  longitudi- 
nally into  a  triangular  cage.  This  serves  the  double  purpose  of  acting  as  a  core 
upon  which  to  wind  the  bandage  and  of  allowing  of  a  rapid  and  through  wetting 
of  the  l)andage  when  immersed  in  the  scjlution  just  prior  to  use.  Plaster-of- 
Paris  bandages  are  rarely  rolled  by  hand  at  the  [jresent  time.  A  machine 
(Fig.  364)  is  used  which  allows  of  an  even  distribution  of  the  jilaster.  Wide- 
meshed  crinoline,  two,  three,  or  foiu'  inches  wide  and  of  the  usual  roller-bandage 
lengths,  forms  the  best  material  fur  the  bandages,  as  the  wide  meshes  allow  the 
])laster  to  lie  in  them  and  not  on  the  surface  of  the  bandage  where  it  is  liable 
to  cake  during  application.  The  metal  core  is  placed  on  the  spinille  of  the  band- 
age-rolling machine,  and  the  bandage  is  placed  on  this  and  wound  in  the  usual 
manner,  except  that  it  is  loosely  rolled  and  that  it  passes  through  the  box  con- 
taining the  plaster  of  Paris  and  becomes  impregnated  with  it  as  it  is  being  rolled. 
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Fig.  3r>l. — ;Four-feiiled  Bandage  of  tlie  Jaw. 


584 


a.mj:i;u'a.\  pi;actk'E  of  surgery. 


After  lolling,  tlie  buiKlagc  is  ])iiiiuxl  to  prevent  unrolling,  and  the  core  is  filled 
with  i)la.ster  of  Paris.  Each  bandage  is  placed  in  a  separate  metal  receptacle 
containing  plaster  of  Paris,  or  several  bandages  may  be  placed  in  the  same 
receptacle.  Such  a.  Ixix  should  |>refci'ably  be  of  metal  and  may  be  made  air- 
tight by  sealing  with  nilhesive-|)laster  strips.     Plaster  of  Paris  should  be  stored 


Fiu.  362. — 'I'lic  Scultutus  or  Many-taileu  Bandage  of  tbu  Abtlonien. 

in  a  dry  place.     As  an  additional  safeguard  against  dampness  each  bandage  may 
be  wrapped  in  oil  paper  and  an  elastic  snapped  about  this  to  retain  it. 

Measures  of  Precaution  ivliich  Are  Necessary  While  the  Plaster-of-Pnris  Band- 
ar/e  is  Being  Applied.— Jivfow  the  api)lication  the  (|uality  of  the  plaster  of  Paris 
should  be  incjuired  into.     That  conmionly  sold  often  contains,  besides  anhydric 


Fig.  363. — Many-tailetl  Bandage  of  the  Abdomen,  Applied. 


calcium  sulphate,  so  much  calcium  carbonate  that  it  does  not  harden  to  a  solid 
mass  after  being  mixetl  with  water  in  which  calcium  carbonate  is  somewhat 
soluble,  but  crumbles.  Plaster  of  Paris  which  has  been  overheated  is  useless, 
because  it  only  sparingly  takes  uj)  water.  The  plaster  of  Paris  may  be  too  moist 
and  consecjuently  is  likely  to  have  lost  its  anhydric  cjualities.     The  best  grade 
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of  dental  jilaster  should  be  used.  When  it  has  become  moist  it  may  be  dried 
in  a  i)an  over  the  hre  before  using.  Less  pure  plaster  may  be  matle  to  harden 
better  if  almn  is  added  to  tlie  water. 

The  precautions  which  have  been  noted  as  necessary  in  the  application  of 
bandages,  in  order  to  prevent  venous  stasis,  gangrene,  and  iscluemic  nuiscular 
contracture,  must  lie  even  more  closely  obser\-ed  in  the  case  of  the  jilaster-of- 
Paris  bandage,  for  this  does  not  yield  at  all  to  swelling.  As  venous  stasis  increases 
rapidly,  care  must  be  taken  that  each  turn  of  the  bandage  shall  cover  the  ex- 


Fio.  3G4. — Plaster-(if-Paris  Aftacliment  to  Foot  Machine. 


tremity  without  in  any  way  constricting  it.  In  addition,  tlie  patient  is  to  be 
very  carefully  watched  during  the  first  two  or  three  days,  and,  in  case  of  swelling 
of  the  peripheral  portions  of  the  limb,  the  bandage  is  to  be  split  longitudinally. 
If  this  does  not  suffice,  the  bandage  must  be  removed  completely.  This  rule  nuist 
be  i)articularly  observed  in  recent  fractures  treated  by  the  primary  use  of  the 
plaster-of-Paris  bandage.  Here  the  swelling  consecjuent  upon  the  injury  may 
induce  constriction  even  when  the  bandage  has  been  correctly  applied.  This  is 
no  ignis  fatuua.  The  specialist,  as  well  as  the  beginner,  must  give  strict  attention 
to  these  cases,  at  least  during  the  first  forty-eigiit  hours.  The  patient  should  be 
further  instructed  to  report  any  pain  or  swelling  at  once.  The  bony  [iromi- 
nences,  such  as  the  malleoli,  the  crest  of  the  tibia,  the  tubercle  of  the  tibia,  the 
patella,  the  trochanter  major,  the  spine  of  the  ilium,  the  head  of  the  ulna,  the 
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olecranon,  the  acromion  i)roccss,  and  the  heol,  must  he  particularly  protected 
against  pressure  efi'ects.  Wlien  i;auze  or  cotton  is  applied  over  these  prominences 
an  extensive  anioimt  must  not  he  used,  otherwise  the  adjustment  of  the  plaster- 
oi'-Pai'is  bandage  will  be  interfered  with  and  it  would  lose  somrwliat  of  its  fixing 
effect.  In  case  pain  is  complained  of  at  one  of  tliesc  prominences  a  fenes- 
tra should  be  cut  in  the  bandage,  but  openings  should  not  be  cut  over  these 
prominences  as  a  precaution,  for  the  edges  of  such  openings  press  upon  the  soft 
I)arts  and  allow  of  swelling  w  here  the  supporting  effect  of  the  bandage  is  lost.  In 
case  the  bandage  covers  a  wound  from  which  discharge  is  expected,  a  fenestra 
should  be  cut  over  the  wound;    otherwise  the  bandage  would  rai)idly  become 

moistened  and  ruined.  This  is  done  after 
the  hardening  process  is  complete.  The 
edges  of  such  fenestra'  are  packed  cai'e- 
fully  with  gauze  and  coated  with  collo- 
dium  to  prevent  the  discharge  injuring 
the  plaster  of  Paris.  In  applying  a  cast 
in  such  a  case,  provision  may  be  made 
for  dressing  the  wound  by  not  covering 
that  part  of  the  limb.  It  is,  however, 
easier  and  neater  to  cut  the  fenestra 
later. 

Application. — The  parts  are  placed  in 
the  exact  position  in  which  it  is  desired 
that  they  remain,  and  this  position  is  re- 
tained during  the  application  of  the  band- 
age and  thereafter  maintained  by  sand 
bags  laid  alongside  the  limb  until  the  plas- 
ter has  thoroughly  hardened.  The  hard- 
ening pi'ocess  may  be  accelerated  by 
allowing  the  draft  of  air  from  an  electric 
fan  to  blow  upon  the  bandage.  In  the 
absence  of  the  electric  fan  an  ordinary  fan 
may  be  used. 

Everything  which  is  to  be  employed 
in  the  application  of  the  cast  should  be 
at  hand  and  within  convenient  reach,  so 
that  the  cast  may  be  rapidly  applied. 
The  bed  .should  be  j)rotecte(l  by  a  piece  of  rubber  sheeting,  and  the  operator's 
clothes  by  an  apron.  The  skin  of  the  part  is  protected  by  coating  it  with  vaseline 
and  covering  it  with  a  layer  of  stockinet  material,  a  cotton  stocking,  or  a  flannel 
roller  bandage  may  be  applied.  As  before  noted,  particular  attention  is  paid 
to  the  protection  of  the  bony  prominences.     Here  pads  of  cotton  are  placed. 


Fig.  365. — Flannel  Roller  and  .A.dhesive- 
Plaster  Strip  in  Place  on  Leg,  Ready  for  the 
Application  of  Plaster  of  Paris. 
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These  may  be  held  in  place  by  strips  of  adhesive  plaster  or  by  turns  of  the  flan- 
nel bandage.  Bandages  made  of  thin  French  cotton  batting  are  preferable  to 
flannel  as  a  protecting  bandage.  On  the  line  at  which  it  is  desired  finally  to  cut 
down  the  cast,  is  placed  a  strip  of  adhesive  plaster.     (Fig.  365.) 

A  sufficient  number  of  plaster-of-Paris  bandages  to  form  the  cast  are  placed 
near  a  basin  of  hot  water.  The  water  in  the  basin  should  be  of  sufficient  depth 
to  allow  of  complete  inmiersion  of  the  bandages.  Two  bandages  are  laid  on  their 
side  in  the  water.  If  the  atmosphere  is  damp  or  if  the  quality  of  plaster  is  in- 
ferior, a  small  quantity  of  salt  or  alum  may  be  added  to  the  water  to  hasten 
the  hardening.  The  bandage  is  left  immersed  until  it  is  thoroughly  saturated 
and  is  then  lightly  siiueezed,  imder  water,  to  force  out  air  from  the  interstices 
and  allow  of  further  saturation.  The  bandage  is  then  tightly  stjueezed  to  e.xpel 
the  excess  of  water.    As  soon  as  one  bandage  is  removed  from  the  water,  another 


Fig.  366.— Removal  of  Plaster  Cast. 


is  substituted  for  it  until  the  required  number  is  reached.  The  bandage  is  ap- 
plied ('\cnly  and  siuoothly,  in  the  same  manner  as  an  ordinary  roller  bandage. 
More  numerous  turns  are  made  near  joints,  as  there  the  strain  is  greatest.  The 
number  of  bantlages  used  \\ill  depend  on  the  purpose  for  which  the  cast  is  ap- 
plird.  If  this  be  to  retain  a  simple  dressing  in  place,  as  in  cases  of  scalp  wounds 
with  dolirium  trem(>ns,  one  or  two  bandages  will  suffice.  To  .secure  immobili- 
zation of  joints,  from  six  to  eight  thicknesses  may  be  necessary.  Fractures  of 
the  leg,  when  the  patient  is  allowed  to  walk  about,  require  heavier  casts  than 
those  in  which  no  such  .strain  is  put  upon  the  damaged  bone.  In  the  former  in- 
stance an  additional  safeguard  may  be  fmnished  by  the  introduction  of  a  thick 
roll  of  lamb's  wool,  to  be  hekl  in  place  by  several  additional  plaster  bandages. 
When  fenestra  are  re(|uii'ed,  the  pUlster  should  first  be  allowed  thoroughly  to 
harden.  If  large  fenestra:'  are  neeaed,the  cast  should  be  strengthened  by  incor- 
porating in  it  one  or  more  strips  of  soft  iron,  bent  like  a  basket  handle,  at  the  site  of 
the  proposed  fenestra-.  The  cast  may  be  finished  in  one  of  two  ways,  either  one 
of  which  enhances  its  appearance:  The  final  bandage  may  have  its  selvage  left 
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on,  and  is  then  to  ho  applied  as  a  short  figurc-of-(>ifi;lit,  or  ]ilaster-of-Paris  paste 
may  b(>  niblx'd  in,  so  as  to  prochice  a  smooth  finish.     Dry  i)laster  may  also  be. 
dusted  on  while  the  east  is  still  moist. 

Rcmarul. — After  the  cast  has  hardened  it  may  l)e  cut  ilown  at  the  line  at 
which  the  adiiesive  [ilaster  was  placed    (P'ig.  366.)     This  is  desirable  when  the 


Fio.  367. — Knives  for  tlip  Removal  of  Plaster-of-Paris  Ca.sts. 

plaster  is  applied  soon  aftei-  the  I'eceipt  of  a  fracture,  as  it  allows  somewhat  for 
swelling  and  also  allows  of  the  cast  being  sprung  apart  by  the  hands  in  case 
swelling  becomes  more  pronounced.  The  cast  thus  cut  down  is  held  in  place 
by  a  gauze    bandage.     If  it  be  cut  down  when  its  period  of  usefulness  is  past, 


"■'*!».,-,— -^ 


Fig.  368. — Saws  for  tlie  Removal  of  Pla.ster-of-Paris  CastS- 

the  projecting  ends  of  the  adhesive-plaster  slfaij  serve  as  a  guide  to  the  line  along 

which  to  cut,  and  guard  the  skin  against  injury  from  the  instrument  employed. 

Many  instruments  have  been  devised  (Figs.  367-370)   for  removing  casts. 

Those  commonly  employed  are  the  strong  resection  knife,  with  an  elevator 
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handle,  and  the  small  hand  saw.  If  the  fast  is  cut  down  with  a  knife  it  will  be 
found  easier  if  the  cut  is  made  somewhat  oblicjuely  to  the  surface.  Painting 
the  proposed  line  of  incision  with  vinegar  facilitates  removal,  but  this  shoukl  not 
be  done  if  it  i.s  intended  to  replace  the  cast,  as  the  vinegar  softens  the  plaster 


Fig.  369. — Scis^^ors  to  As.si.st  in  thu  Rt-moval  uf  Plaster-of-Pari.s  C"a&;ty. 

throughout  c|uit(' a  distance.  The  sensation  conveyed  l)y  the  knife  or  saw  will 
tell  the  operator  wlien  the  plaster  has  been  entirelv  cut  through,  as  the  in.'^tru- 
ment  will  catch  in  the  soft  protecting  material  l)eneath. 

A\'hen  the  cast  has  been  comiiletely  cut  through,  the  edges  are  pried  apart 
sufficiently  to  allow  them  to  be  grasped  with  the  fingers  and  then  separated 


Fig.  370. — French  Saw  for  Removing  Plaster-of-Paris  Casts. 

widely.  The  protecting  dressing  is  then  cut  through,  and  the  entire  dressing, 
cast  and  all,  is  held  widely  separated  while  an  assistant  lifts  the  part  out  of  the 
cast.     This  mode  of  procedure  is  desirable  in  order  to  disturb  the  parts  as  little 
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SIS  poshiibk'.  If  it  is  decided  to  replace  the  same  cast  tiie  edjies  may  lie  iKiimd 
with  adhesive  plaster  and,  after  the  apparatus  has  been  reapplied,  it  may  be 
held  ill  place  with  a  muslin  bandage. 

Either  vinegar  or  sugar  water  wuU  be  found  useful  in  removing  plaster  from 
the  operator's  hands.  \^aseline  rubbed  into  the  subimgual  spaces  and  about  the 
nails  helps  to  keep  the  plaster  from  adhering. 

Plaster  Splints. — These  may  be  made  in  two  waj's.  A  cast  may  be  applied 
as  described  and,  after  it  has  hardened,  it  may  be  rt'movcd  in  two  sections. 
These  are  to  be  well  padded  and  the  edges  are  to  be  bound  with  adhesive  plaster; 
the  entire  splint  is  then  hekl  in  place  by  adhesive  plaster  and  a  muslin  bandage. 
A.  second  method  is  to  fold  the  bandage  on  itself  on  a  smooth  surface,  thus  form- 
ing a  flexible  splint  of  the  desired  width,  length,  and  thickness.  One  or  more  of 
these  splints  are  moulded  to  the  parts  in  such  a  manner  as  to  permit  of  ready 
removal.  AVhile  hardening  the}'  are  held  in  position  by  a  few  turns  of  a  gauze 
bantlage.  After  they  have  become  hardened  the}'  are  lined  with  cotton,  ap- 
plied to  the  part,  and  held  in  position  by  adhesive  plaster  and  nnislin  bandages. 

Starch  Bandages. — Seutin,  a  Belgian  siu'geon,  in  1884,  advised  the  use  of 
starch  bandages  as  a  removable  immobilizing  dressing.  Originally,  gauze  band- 
ages were  soaked  in  fresh  starch,  and  the  starch  was  spread  bet\\  een  the  bandage 
turns  as  they  were  applied.  Now,  however,  crinoline  bandages  are  used,  these 
containing,  as  a  rule,  enough  starch  to  act  as  a  hardening  dressing.  If  the  amount 
of  starch  is  deficient,  powdered  starch  may  be  incorporated  in  the  meshes  of 
the  bandage.  Before  application  the  bandage  is  immersed  in  hot  water  and 
applied  wet. 

Ajjplication. — The  limb  is  first  bandaged  with  an  ordinary  flannel  bandage, 
or,  in  the  case  of  the  lower  extremity,  a  stocking  may  be  put  on.  A  strip  of 
adhesive  plaster  is  placed  longitudinally  along  the  anterior  aspect  of  the  limb 
in  the  median  line,  and  a  second  strip  along  the  posterior  aspect  in  the  median 
line.  These  strips  extend  for  the  full  length  of  the  proposed  bandage,  and  serve 
to  protect  the  limb  when  the  starch  cast  is  cut  in  two  portions.  Several  layers  of 
the  starch  bandage  are  applied  in  the  same  manner  as  is  done  in  the  case  of  a 
plaster-of-Paris  bandage.  Such  a  dressing  has  the  advantage  of  lightness,  but 
it  possesses  the  disadvantage  of  becoming  firm  only  after  from  twenty-four  to 
forty-eight  hours,  during  which  time  it  must  be  protected.  For  the  purpose  of 
maintaining  the  parts  in  position  during  hardening  of  the  starch,  wooden  splints 
may  be  employed;  or  an  outer  layer  of  plaster  of  Paris,  which  is  removed  after 
forty-eight  hours  (Rosen),  may  be  used.  The  starch  cast  has  the  additional 
advantage  of  being  readily  cut  with  stout  scissors. 

Sohtble-Glass  Bandages. — This  form  of  fixed  dressing  is  cheaper  and  lighter 
than  plaster  of  Paris,  but,  as  it  takes  twenty-four  hours  to  become  firm,  neither 
it  nor  the  starch  bandage  can  replace  plaster  of  Paris  in  the  treatment  of  recent 
fractures    or  for  use  in  the  correction  of  deformities.     Both  these  forms  of 
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bandage,  however,  can  be  very  profitably  cniiiloycd  as  a  later  supporting  dress- 
ing in  fracture  cases  and  in  cases  of  resection  of  a  joint.  As  in  the  case  of  the 
starcii  bandage,  the  soluble-glass  bandage  must  be  supported  for  from  twenty- 
four  to  forty-eight  hours  either  by  wooden  sjilints  or  b\-  a  few  turns  of  a  plaster- 
of-Paris  bandage.  The  application  of  the  soluble-glass  bandage  is  Cjuite  simple. 
The  liquid  is  poured  into  a  basin,  and  a  number  of  gauze  bandages  arc  placed 
in  the  solution  until  they  become^  satin-ated.  It  is  necessary  to  protect  the  skin 
against  the  action  of  the  licjuid  either  by  means  of  a  flannel  bandage  or  by  the 
use  of  a  stocking,  as  the  liquid  contains,  in  atldition  to  the  hardening  potassium 
silicate,  a  greater  or  less  amount  of  free  jiotassium — an  agent  which  affects  the 
skin.  During  the  application  of  the  bandage  additional  liquid  is  poured  between 
the  layers  so  as  to  fill  the  meshes  of  the  gauze.  Longitudinal  strips  of  paste- 
board may  be  interposed  to  strengthen  the  bandage.  After  it  has  hardened,  the 
bandage  may  be  removed  in  two  sections  with  strong  scissors.  There  will  thus 
be  formed  two  splints,  the  edges  of  which  may  be  bound  with  adhesive  j^laster 
and  so  protected  against  splintering.  The  splints  are  then  hekl  in  apposition 
to  the  i)arts  b}'  means  of  an  ordinary  roller  bandage.  Less  commonl}',  magne- 
site  is  similarly  employed. 

Starch  bantlages  and  soluble-glass  bandages  have  the  advantage  over  plaster 
of  Paris  in  that  they  are  not  affected  by  moisture,  but  this  disadvantage  of  the 
plastcr-of-Paris  bandage  may  be  overcome  by  rubbing  the  bandage  with  a  solu- 
tion of  dammar  resin  (Mitscherlich),or  soluble  glass  maybe  poured  over  the  final 
layer  of  the  plaster-of-Paris  bandage.  Mixtures  of  soluble  glass  and  plaster  of 
Paris  harden  very  readily  and  are  insoluljle  in  water. 

Parafjin  Bandages. — These  are  not  practical,  as  they  do  not  afford  a  suffi- 
ciently solid  support;  furthermore,  they  sometimes  melt  at  ordinary  room 
temperatures  and  they  irritate  the  skin  if  the  paraffin  remains  in  contact  with 
it  for  a  time. 

Caoutchouc  Bandages. — These  are  of  advantage  in  young  children.  Strips 
of  caoutchouc  are  immersed  in  hot  water  until  soft,  and  then  are  rolled  up  with 
a  linen  roller  bandage  and  dipped  in  cold  water  to  cause  them  to  harden  as  quickly 
as  possible.  The  resulting  bandage  is  light  and  rather  firm,  and  is  not  affected 
by  water.  They  have  the  disadvantage  of  being  expensive.  Just  previous  to 
application  the  bandage  should  be  immersed  in  hot  water. 

Adhesive  Plaster. — Officinal  resin  plaster,  rubber  plaster,  and  moleskin  plaster 
are  the  varieties  commonly  employed. 

Surgeon's  adhesive  plaster — rubber  ])laster — is  now  made  in  combination  with 
zinc  oxide,  in  order  to  render  it  less  irritating  to  the  skin. 

Preparation. — The  plaster  may  be  used  directly  from  the  roll  or  it  may  be 
cut  in  long  strips,  J  to  f ,  2,  3,  or  4  inches  in  width,  and  these  strips  may  be  rolled 
on  glass  or  metal  rods  six  or  eight  inches  long,  for  convenient  handling.  The 
small  strips  are  useful  for  strapping  the  ankle  and  other  joints,  for  the  treatment 
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of  leg  ulcci's,  and  for  retaining  di'cssing.s,  tiic  wiilcr  sti'iiw  for  strapping  tiic  chest 
and  abdomen. 

Adhesive  plaster  ni;iy  Ix'  uscmI  in  the  form  of  taped  straps  to  I'etain  an  al> 
dominal  ih'ossing  in  position.  ( Fig.  371.)  For  tliis  ])ui'pose  four  strips  are  used, 
each  strip  having  a  length  of  ten  or  twelve  inches  and  a  breadth  of  tliree  inches. 


Fig.  371. — .\dhesive-Plaster  Taped  Straps  for  Retaining  Abdominal  IlressinRs. 

One  end  of  each  strip  is  folded  on  itself  (adhesive  surfaces  together)  for  a  distance 
of  one  inch;  the  object  of  this  is  to  facilitate  removal.  The  other  end  of  each 
strip  is  folded  on  itself  (adhesive  surfaces  together)  for  a  space  of  two  inches,  and 
through  this  double  thickness  a  triangular  cut  is  made  with  scissors,  and  through 
the  opening  a  half-inch  tape  is  passed  and  knotted.     Each  tape  should  be  long 


Fig.  372. — EmplojTiient  of  Adliesive  Plaster  in  Securing  .Apposition  of  the  Edges  of  a  Wound. 

enough  (eight  to  ten  inches)  to  admit  of  being  tied  in  a  bow  knot  to  its  fellow 
of  the  opposite  side  over  the  abdominal  dressing.  T\\o  of  these  ])repared  ad- 
hesive-plaster straps  are  placed  on  the  skin  well  back  on  each  flank.  The 
skin  should  first  be  dried  to  insure  thorough  adhesion.     By  applying  straps  in 
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this  manner  it  is  only  necessary  to  untie  tlie  tajjcs  when  inspecting  the  dressing. 
This  does  awaj'  witli  tlie  vini)lcasant  necessity  of  frequent  changes  of  adliesive 
plaster,  and  furnishes  a  more  economical  method  of  retaining  (h'essings  in  most 
parts  of  tlie  botly.  These  strips  are  particularly  useful  in  Symc's  ami^utation  and 
other  foot  amputations  in  which  part  of  the  tarsus  is  left.  All  adhesive-plaster 
strips  should  be  scrupulously  freed  from  ravt'lings.  It  is  particularly  these 
threads  which  tend  to  irritate  the  skin. 

Adhesive  plaster  may  be  employed  for  the  purpose  of  approximating  the 
edges  of  a  wound.  (Fig.  372.)  When  so  used  the  plaster  should  be  sterilized 
by  heat,  unless  it  has  been  specifically  prepared  for  this  ])ur})ose  1)}'  a  reliable 
manufacturer.  If  it  has  not  been  so  prepaicil  it  maybe  readily  sterilized  by 
passing  it  through  a  flame.  In  ap- 
plying plaster  to  approximate  wound 
edges,  spaces  should  be  left  between 
the  strijjs  to  provide  for  the  escape 
of  any  discharge  that  may  form. 

Resin  plaster,  when  used  for  any 
purpose,  must  be  heated  in  order  to 
make  it  adhere.  When  this  form  of 
plaster  is  used,  the  degree  of  heat 
which  it  may  have  absorbed  should 
be  tested  on  the  back  of  the  opera- 
tor's hand  b('fi)r('  he  apjilics  the  plas- 
ter to  the  ])atient's  skin :  otherwise 
blistering  may  residt  from  the  ap- 
plication of  too  great  heat. 

It  is  not  necessary  to  heat  rublier 
plaster  to  cause  it  to  adhere,  although 
it  may  be  heated  for  jnu-poses  of 
sterilization.  Strips  of  plaster  may 
be  used  for  securing  dressings  in  place 
while  the  bandage  is  being  applied, 
as  in  applying  dressings  and  bandages 
to  a  circular  part  such  as  the  thigh. 

Adhesive  plaster  may  be  incorporated  in  a  bamlage  in  such  a  manner  as  to 
retain  the  bandage  in  position,  part  of  the  adhesive  plaster  being  adherent  to 
the  skin  and  [lart  to  tlie  bandage.  Adlu'sive  plaster  is  also  useful  for  exercising 
direct  pressure  upon  a  i)art  (as  in  strapping  a  joint  [Figs.  373,  374]  or  strapping 
the  te.sticle  [  Fig.  375]),  for  exerting  indirect  pressure  (as  in  retaining  a  graduated 
compress  in  position),  for  securing  immobilization  in  fractures  (Figs.  376,  377),  for 
])reventing  the  development  of  deformities  (as  in  the  prevention  of  the  equinus 
position  of  the  foot  in  patients  long  confined  to  bed — Fig.  378),  for  relieving  hy- 
voi..  IV.— 38 


Fig.  373. 


-Adhesive-Plaster  Strapping  of  the  Knee 
in  Synovitis.      (Sehematic.) 
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l)or;rmia  (as  in  the  ainl)uliitoi'v  treatment  of  ulcer  of  the  leg — F\^.  'Mi)),  for 
making  extension  (Figs.  oSO.  ."iXl  i,  for  pi'eventing  inversion  of  the  lips  of  a  deep 
wound  (as  in  stout  people  in  which  tlicre  has  l_)een  fat  necrosis  in  the  wound), 
foi-  iinniohiliziug  fractured  ribs  (I''igs.  ;j82,  383),  etc. 

In  applying  the  ].)laster  to  any  part  of  the  body  the  parts  should  first  be 
cleansed  and,  if  necessarj',  shaved.     ]f  it  hecomei,  necessary  to  apply  a  second 

strap])ing  to  a  part,  the  plaster  should,  if 
possible,  he  made  to  avoid  any  irritateil 
areas  that  have  residted  from  the  first  strap- 
ping. Alcohol  or  benzine  will  facilitate  the 
removal  of  ordinary  plaster.  Benzine  is  an 
excellent  soh'ent  for  plaster  and  may  also 
be  used  for  cleansing  the  skin  after  the 
removal  of  the  plaster.  AVith  zinc-o.xide 
plaster  it  is  not  usually  necessary  to  use 
either  alcohol  or  benzine.  When  the  plas- 
ter is  i-emoved  it  is  less  painfid  to  the  pa- 
tient if,  after  the  i>laster  has  been  started, 
the  skin  is  ])ulletl  away  from  it  with  one 
hand  while  steady  traction  is  made  on  the 
plaster  with  the  othei'  hand.  If  the  plaster 
is  pulled  away  from  the  skin  too  rapidly 
and  without  the  above  precaution  the 
edges  of  the  plaster,  where  it  has  become 
most  adherent  to  the  skin,  are  apt  to  pull 
away  some  of  the  su})erficial  layers  of  the 
skin,  antl  in  some  instances  an  injury  re- 
sembling a  "scratch"  results. 

Adhesive-Plaster  Ahdumimd  ScuUetus. 
(Fig.  384.) — This  form  of  dressing  was 
advocated  by  Boldt  as  a  means  of  suppoiting  the  abdominal  wall  after 
a  laparotomy  antl  thus  allowing  of  the  earlier  moving  about  of  the  patient. 
Zinc-oxide  plaster  is  used  to  reduce  skin  irritation  to  a  mininunn.  The  quality 
of  the  plaster  should  be  such  as  to  preclude  stretching.  The  full  width  of 
the  j)laster  (twelve  inches)  is  used  and,  according  to  the  size  of  the  patient, 
the  strip  should  measure  from  twenty-eight  to  forty  inches  or  more  in  length. 
From  the  centre  of  the  lower  edge  of  the  strip  a  semicircular  piece  is  cut,  in 
order  that  during  defecation  the  bandage  shall  not  be  soiled.  The  ])atient  is 
placed  upon  the  bandage  so  that  the  lower  border  comes  about  on  a  level  with  the 
pubes.  The  fabric  covering  the  plaster  is  now  removed.  This  is  facilitated 
by  rolling  the  jiatient  first  to  one  side  and  then  to  the  other,  while  an  assistant 
steadies  the  plaster  and  removes  the  fabric.     Each  end  of  the  plaster  is  next 


Fig.  374. 


-Adhe.-^ivo  Plaster  Strapping 
of  Aiiklo. 
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Fig.  375. — Strapping  the  Testicles  with   Strips  of 
Aclliesive  Plaster. 


split  into  four  tails.     These  tails  arc 

snugly  adjusted,  the  lower  oni'  on  one 

side   being    applied    first,    tli-'u    the 

lower  one  on  the  other  side,  and  so 

on.      These   overlap,  thus  making  a 

double  sii|ii)oi't   in  front  and  at  the 

sides.     This  process  is  continued  un- 
til the  four  tails  on  each  side  have 

been   snugly  adjusted.     If,   in  short 

patients,  the  upper  part  of  the  l)an- 

dage  shotdd  reach  u])  to  the  epigas- 
trium, the  upiier  tails  are  not  drawn 

so  tight.    The  anterior  superior  spines 

of  the  ilia  are  protected  by   ligliLly 

padding  with  gauze. 

Pressure  Bandages.— Pressure 

bandages    may  be  used   to   jiroduce 

presstu'e,  as  in  the  treatment  of  var- 
icose veins  of  the  lower  extremities: 

to    ]iroduee    hypcra'mia,    as    in    tlie 

treatment  of  infections  (e.g.,  tuberculous  processes)  occurring  on  the  extrem- 
ities :  to  control  effusions  in  joints  and 
in  the  soft  parts,  and  to  promote  ab- 
sorption of  such  effusions:  to  control 
hemorrhage.  For  such  purposes  an 
ordinary  muslin  roller  is  impracticable 
as  it  I  loes  not  i)osse.ss  elasticity  enough 
toprotlucethc  rc(iuired  even  pressure, 
and.  if  tightly  enough  appUed  to  exert 
pressure,  it  may  produce  injury  to  the 
soft  parts.  For  producing  such  press- 
ure effects  a  bandage  possessing  a  cer- 
tain ilcgrcc  of  elasticity  is  necessary. 
When  but  a  sliglit  degree  of  elasticity 
is  re([uired,  bandages  of  stockinet, 
flannel,  or  .Japanese  crepe  may  be 
employed.  Such  bandages  exert  uni- 
foriri  pressure  and  do  not  irritate 
the  skin.  AMiere  a  more  pronounced 
pressure  effect  is  indicateil,  an  India- 
rubber  or  a    cotton-elastic  bandage 

Pig.  376. — ,-VppHcation  of  .\iiliesi\-e  Plaster  in 

Colles'  Fracture.  sllOuld  be  USCd. 


596 


AMIiHICAX    PRACTICI']   OF   SllUiliUY 


The  (liinoiisions  of  the  l);in(liifi;(>  vary  with  the  ])urpoye  foi-  wliicli  it  is  to  be 
usni.  A  Mdiiln's  India-rubher  hcuidnge  is  the  one  eoininoiily  einployecl  in  cases 
of  varicose  veins.  When  it  is  desired  to  render  the  extremity  bloodless  a  thick 
rubber  b;uida<;'e — EsiiKircli  limiildiic — is  employed.  Foi'  the  iniinediate  control  of 
hciiuirrhanc  occiirriu";  in  the  course  of  an  extremity,  and  for  the  control  of  hem- 


FiG.  377. — AjipUcation  of  Adiiesive  Plaster  to  Retain  Basswood  Splints. 

orrhage  occurring  after  the  extremity  has  been  rendered  bloodless  by  the  Esmarch, 
an  India-rubber  lourniquet  is  employed.  This  is  a  narrow,  thick  India-rubber 
band  having  a  chain  attached  to  one  end  and  a  hook  to  the  other,  by  means  of 
which  it  is  secured  in  place  after  having  been  wrapped  tightly  about  the  limb' 


Fig.  378. — Adhesive-Plaster  Straps  Applied  to  Prevent  Equinus  Position  in 
Ca.ses  of  Loner  Confinenient  to  Bed. 


at  the  point  where  the  main  artery  is  superficial — in  the  case  of  the  upper  extrem- 
ity, well  up  to  the  axillary  fold;  in  the  case  of  the  lower  extremity,  well  up  to  the 
groin.  Over  the  course  of  the  artery  is  first  placed  an  ordinary  roller  bandage, 
and  this  is  secured  in  position  by  circular  turns  of  the  tournicjuet,  which  is 
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finally  fastened  liy  the  hook  and  t'luuii. 
Care  should  he  taken  that  too  nuich  press- 
ure be  not  employed,  otherwise  the  skin 
and  underlying  soft  parts  may  be  injured. 
Some  protection  may  be  afforded  by  plac- 
ing a  fokled  towel  arovmd  the  parts  before 
applying  the  tourniijuet.  If  too  extreme 
pressure  is  employed,  or  if  the  tourniquet 
is  kept  applied  for  too  long  a  period,  there 
results  a  vaso-motor  paresis  which  predis- 
poses to  secondary  hemorrhage.  The  com- 
mon mistake  made  in  aiijilying  a  tournii  [uet 
is  to  apply  it,  in  operations  upon  the  forearm 
and  hand,  just  above  the  elbow,  in  which 
event  pressure  upon  the  musculo-s])iral 
nerve  may  result  in  paralysis :  or,  in  oper- 
ations upon  the  leg  anil  foot,  in  applying  it 
just  below  the  knee,  at  which  point  press- 
ure ujion  the  jieroneal  nerve  is  likely  to 
result  in  paralysis  of  the  muscles  supplied 
by  that  nerve. 

Application  0/  the  Esniarcli  Bandage. — 
The  bandage  is  started  at  the  distal  end 
of  the  extremity  and  ascends  by  oblique  turns,  the  edges  of  which  just  touch 
each  other.     When  the  entire  extremity  has  been  ascended  by  these  oblicjue 

turns  a  few  circular  tui'ns  may  be  made, 
these  circulai-  turns  being  lifted  up  over 
the  course  of  the  main  artery  by  the 
fingers  of  the  left  hand,  and  the  remain- 
ing part  of  the  body  of  the  bandage 
being  placed  vertically  under  them,  so 
that  the  circular  turns  hold  the  body 
of  the  Ijandage  against  the  main  artery 
and  effectually  shut  off  the  blood  sup- 
ply. Beginning  at  the  distal  extremity 
the  (iblique  turns  are  now  unwound 
up  t(i  the  level  of  the  circulai'  turns, 
the  loose  part  of  the  Ijandage  Ijeing 
bunched  and  held  out  of  the  wa}'  l)y  a 
few  turns  of  a  muslin  bandage.  In 
ojjerations  for  malignant  growths  or 
for    septic    conditions     the    bandage 


Fig.  37n. — Application  of  Adhesive  Plaster 
Basket  Strapping  for  Ulcer  of  the  Leg. 


Fig.  380, — Shows  I'se  of  Adhesive  Plaster  in 
Extension  for  Fracture  of  the  Humerus. 
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should  not  bo  applied  from  the  distal  extremity  of  the  limb  and  continued 
up  the  limb,  as  the  ado|)tion  of  this  course  mifilit  force  tumor  i)r()ducts  or 
septic  materials  into  the  circulation,  or  at  least  into  parts  of  the  limb  not  orij^i- 


I'^iG.  8S1. — Shows  Manner  of  Ajiplying  Atihesive  Plaster  in  Buck's  Extension. 

nally  invaded  by  the  disease.  In  such  cases  the  limb  should  beele\-ateil  for  five 
minutes  and  then  the  Esmarch  bandage  should  be  started  above  the  level  of  the 
disease.     Instead  of  finishing  the  Esmarch  by  inserting:  the  boily  of  the  bandage 


Fig.  3S2. — Adliesi\'e-Pla.ster  Strapj:)ing  to  Ininiobilize  One  Side  of  tlie  Chest. 

beneath  the  last  few  circular  turns  over  the  main  artery  of  the  limb,  an  India- 
rubber  tourniciuet  may  be  employed  at  that  point  and  the  Esmarch  then  entirely 
removed. 
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Application  of  Martin's  I ndia-Riibber  Bandage. — This  bandage  is  three  inches 
wide  and  four  yards  long.  To  its  terminal  extremity  is  fastened  a  tlonble  ta[)e 
for  the  purpose  of  securing  the  bandage  after  it  has  been  applied.  This  is 
chiefly  used  in  varicose  conditions  of  the  lower  extremity.  A  turn  may  be  first 
made  about  the  ankle.  The  bandage  iscarried  to  the  base  of  the  toes,  and  a  circu- 
lar turn  is  made  there.  The  limb  is  ascended  by  spiral  turns,  the  bandage  ending 
just  below  the  knee.  Reverse  turns  are  not  necessary,  as  the  elasticity  of  the 
bandage  allows  it  to  conform  to  the  shape  of  the  extremity.     In  the  case  of  very 


Fig.  3S3. — Spiral  Adhesive-Plaster  Strapjniig  of  Chest  for  Fracture  of  Ribs. 

muscular  suljjccts,  however,  it  may  be  necessary  to  use  long  figure-of-S  turns  in 
order  to  make  the  bandage  lie  smoothly.  Even  pressure  should  l^e  e.xerted 
from  the  base  of  the  toes  to  the  knee.  The  bandage  is  secured  by  tying  around 
the  linil)  the  two  tapes  which  are  attached  to  its  distal  end.  Such  a  Ijantlage  is 
reniii\-('(l  at  night,  rinsed  witli  warm  water,  dried  with  a  towel,  and  hung  loosely 
over  a  line  to  air.  The  skin  of  the  limb  may  lie  kept  in  good  condition  by 
massaging  night  and  morning  with  alcolml.  If,  in  siiite  of  this,  a  tentlency  to  an 
eczematous  condition  exists,  due  to  daily  contact  of  the  rubber  with  the  skin,  a 
thin  flannel  bandage  may  be  applied  next  the  skin  or  the  rubber  bandage  may  be 
applied  over  a  white  stocking.  For  use  in  the  Bier  hypera'inia  treatment  of 
tuberculous  joints,  or  of  infections  that  have  developed  in  the  course  of  an 
extremity,  a  much  shorter  rubber  bandage  may  be  employed,  only  half  a  dozen 
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circular  turns  being  uywl  to  pixxlucc  the  rciiuircd  liypcnrniia.     Tlic  skin  may 
be  protected  from  irritation  by  the  application  of  a  I'ew  turns  of  a  llamiel  band- 


FiG.  384. — Boldt  Abdominal  Strapping. 


age.     The  parts  distal  to  the  area  in  which  it  is  de.sired  to  produce  hypertemia 
should  be  supported  either  by  a  rubber  or  by  a  tiannel  bandage. 


EXPLORATORY  PUNCTURE;   ASPIRATION;  HYPODERMIC 

INJECTION. 


Exploratory  Puncture. — Exploratory  puncture  is  useful  as  a  means  of 
diagnosis  of  certain  inflammatory  conditions  antl  of  cysts  and  tumors.  The 
puncture  may  be  made  by  means  of  an  aspirator,  an  exploring  needle,  or  an  ordi- 
nary hypodermic  syringe  may  be  usetl.  For  the  purpose  of  secm-ing  fragments  of 
the  interior  of  tumors  for  diagnosis,  a  special  harpoon-pointed  instrument  has 
been  devised.  Whatever  the  procedure  adopted,  asepsis  must  be  complete. 
For  purposes  of  diagnosis  in  superficial  collections,  or  collections  in  the  neigh- 
borhood of  joints,  the  needle  should  be  entered  obliquely  at  some  distance  from 
the  collection,  and  then  pushed  into  it. 

In  case  it  is  desirable  to  allow  a  larger  amount  of  the  contained  fluid  to  escape 
than  is  necessary  for  diagnosis,  a  trocar  and  cannula,  or  a  pointed  cannula  alone, 
may  be  employed.  When  the  puncture  is  made  with  the  trocar  and  cannula,  the 
skin  should  be  first  incised  with  a  scalpel.  While  the  ])arts  are  being  steadied  by 
the  fingei-s  of  the  left  hand,  the  trocar  and  cannula  are  grasped  with  the  right 
hand,  the  index  finger  of  which  is  held  as  a  guide  at  the  proper  point  to  prevent 
the  trocar  penetrating  too  deeply.  By  a  quick,  forcible,  stabbing  movement  the 
trocar  is  forced  the  required  depth  into  the  tis.sues.     The  trocar  is  withdrawn 
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and  the  fluui  then  flows  tliroufili  the  cannula.  After  the  reciuired  anidvait  of 
fiuid  has  flowed  out,  the  thumb  is  ]3laced  over  the  open  end  of  the  cannida,  and 
the  cannula  is  fjuickly  withdrawn.  The  shape  of  the  trocar  and  cannula  will 
depend  upon  the  purpose  for  which  it  is  to  be  used.  A  straight  trocar  ami  can- 
nula are  usually  t'niployed,  but,  in  suprapubic  puncture  of  the  bladder,  a  curved 
instrument  is  desiralile.  The  size  used  in  a  given  casi'  will  depend  upon  the 
character  of  the  fluid  to  be  withdrawn.  Sliould  the  cannula  l)ecome  blocked,  a 
wire  may  be  passed  tlu-ough  it  to  free  its  lumen.  This  may  be  done  while  the 
cannula  is  still  in  place.  For  continued  drainage  after  puncture,  special  instru- 
ments may  be  devised  according  to  the  confoi-mation  of  the  parts. 

Exploring  Xeedles  are  made  in  several  sizes,  and  should  be  fitted  with  a  vmi- 
versal  thread  so  that  they  may  be  used  with  an  ordinary  hypodermic  syringe. 
The  same  precautions,  with  the  exception  of  the  skin  incision,  are  used  in  the 
case  of  the  ex])loring  needle  as  when  the  trocar  and  cannula  are  employed. 

Aspiration. — If  this  is  done  for  diagnostic  purposes  it  is  sufficient  to  with- 
draw a  hypodermic  syringeful  of  the  fluid,  but  if  it  is  recjuired  to  empty  a  cavity 
a  suction  apparatus  is  attached  to  the  exploring  needle.  Either  a  Dieulafoy 
or  a  Potain  apparatus  may  lie  used.  In  the  foi-mer  the  fluid  is  exhausted  directly 
into  the  liarrel  of  the  Dieulafoy  syringe,  ami  from  thence  into  a  receptacle.  In 
the  Potain  apparatus  the  fluid  is  drawn  into  a  bottle,  in  which  a  partial  vacuum 
is  produced  by  the  aid  of  the  exhausting  syringe.  In  either  event,  after  the 
contents  of  the  cavity  have  been  emptied,  the  suction  should  be  kept  up  while 
withdrawing  tlie  exploring  needle,  otherwise  infection  will  be  left  along  the  needle 
track. 

Paracentedf!  oj  the  Pericardium. — Usually  the  heart,  in  cases  of  ))ericardial 
effusion,  is  crowded  well  back  and  out  of  the  way,  while  the  pericardivun  [iresses 
forward,  producing  bulging  of  the  intercostal  siiaces.  By  percussion  the  area 
of  dulness  is  readily  mapped  out.  The  most  favorable  ])oint  for  punctm-e  is  just 
above  the  upper  edge  of  the  sixth  costal  cartilage,  near  the  left  lateral  edge  of  the 
sternum.  The  exploring  needle  should  be  introduced  carefully  and  slowly  away 
from  the  apex.  As  soon  as  fluid  ceases  to  flow,  the  needle  should  be  withdrawn, 
and  the  entrance  of  air  avoided. 

Paracentesis  Thoracis. — In  large  effusions  the  intercostal  spaces  are  usually 
prominent  and  the  puncture  is  easily  made.  The  index  finger  of  the  left  hand  is 
pressed  in  the  intercostal  space  selected  (usually  one  just  below  and  in  a  line  with 
the  angle  of  the  scapula),  and  the  jioint  of  the  needle  is  brought  in  contact  with 
the  skin  and  at  right  angles  to  the  ribs.  The  pressure  of  the  finger  in  the  inter- 
costal space  in  the  neighborhood  of  the  needle-point  prevents  deviation  of  the 
needle  if  the  patient  should  involuntarily  move  as  the  needle  enters  the  skin.  If 
thisisnot  done,  involuntary  movement  of  the  patient  may  cause  thei)oint  of  the 
needle  to  strike  a  rib.  Guarded  by  tlie  forefinger  lying  al(.ing  the  neetlle  the 
latter  is  thrust  (|uickly  into  the  chest  for  the  re(|uired  distance.     If,  by  reason  of 
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the  physical  signs,  a  ]>niiit  for  |)uiicturo  is  sflccted  lower  than  the  angle  of 
the  scapula — say,  in  the  nintli  or  tenth  intercostal  space — the  point  of  the 
nccdli'  should  lie  directed  ol)li(iuely  ujiward  in  order  to  avoid  iiijui'v  to  the  dia- 
jjhragiu.  In  any  event  the  point  of  the  needle  should  first  enter  the  chest  close 
to  the  upper  edge  of  a  rib  in  order  to  avoid  the  intercostal  artery.  If  it  is  de- 
sired to  remove  all  of  the  fluid,  this  shouUl  ix'  done  slowly;  otherwise  circula- 
tory disturbances  may  ensue  as  a  result  of  the  rapid  relief  of  pressure  on  the 
heart  and  large  vessels.  These  precautions  are  particulai'ly  necessary  in  left- 
sided  effusions. 

Paracentesi><  Abdominis. — In  general  ascites  the  site  selected  for  puncture  is 
in  the  linea  alba,  half  way  between  the  umbilicus  and  the  pubes.  The  bladder 
should  1)1'  empty  and  the  jiatient  should  be  placed  in  a  semi-sitting  })Osture. 
Percussion  will  show  tlulness  from  the  symphysis  upward  toward  the  umbilicus, 
and  tympany  above,  the  dulness  representing  the  fluid,  and  the  tj'mpany  the 
intestines  floating  above.  A  Scultctus  bandage  should  be  passed  arouml  the 
body,  the  ends  of  the  corresponding  tails  of  the  bandage  being  held  in  place  by 
the  first  half  of  a  knot.  The  {previously  sterilized  skin  is  incised  with  a  scalpel, 
and  a  straight  trocar  and  cannula  are  pushed  forcibly  and  (juickly  into  the 
adominal  cavity.  The  trocar  is  withdrawn,  and,  as  the  fluid  flows  from  the 
cannula,  it  is  caught  in  a  suitable  vessel.  As  the  abdomen  decreases  in  size  the 
tails  of  theScultetus  bandage  are  ilrawn  together,  and,  when  the  fluid  ceases  to 
flow  fi'om  the  cannula,  this  is  withdrawn  and  theScultetus  is  pinned  in  the  usual 
manner.  The  fiuitl  should  not  be  too  cjuickly  removefl.  The  Sciiltetus  band- 
age serves  two  purposes:  it  causes  an  even  flow  of  the  fluid,  and,  by  combat- 
ing the  loss  of  intra-abdominal  pressure  caused  by  the  withdrawal  of  the  fluid, 
prevents  syncope. 

Lumbar  Puncture. — This  subject  has  already  been  discussed  in  detail  on 
a  previous  page  (p.  259  of  this  volume),  and  nothing  further  need  be  said  in 
this  place. 

Hypodermic  Injection. — The  oklcr  forms  of  hypodermic  syi'ingcs  were  made 
with  a  hard-rubber  or  glass  barrel  and  a  leather-faced  piston.  Such  syringes  can- 
not be  efficiently  sterilized.  At  the  present  time  the  best  hypodermic  syringes 
are  made  with  glass  or  metal  barrels  and  solid-metal  jjistons.  Colin,  of  Paris, 
manufactures  such  syringes.  They  are  superior  to  any  other  form.  A  less  ex- 
pensive syringe  is  made  by  using  a  glass  piston,  either  solid  or  packed  with  as- 
bestos. Needles  are  of  various  lengths  and  diameters,  according  to  the  i)urpose 
for  which  they  are  to  be  used.  For  injecting  a  thin  solution  into  the  subcutaneous 
tissue,  a  short,  slender  needle  is  used;  for  injecting  ergotol  and  thick  solutions,  a 
heavier  and  longer  needle  should  be  employed;  for  injecting  or  washing  out 
sinuses,  a  flexible,  blunt-pointed  needle,  with  a  larger  calibre,  should  be  used. 

Hypodermic  syringes  and  needles  should  be  kept  scrupulously  clean.  They 
should  be  washed  and  boiled  and  dried  after  each  using,  anil  again  boiled  just 
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previous  to  using.  The  needles  should  have  wires  kept  in  them  when  not  in  use. 
Solid-piston  syringes  should  have  their  pistons  withdrawn  when  not  in  use. 
Syringes  having  leather-faced  pistons  should  have  the  cap  placed  on  the  end  of 
the  barrel  when  not  in  use,  in  order  that  the  leather  facing  may  not  dry  out.  A 
droj)  of  glycerin  or  a  little  vaseline  may  be  dra\\n  into  the  barrel  of  such  a  syringe 
with  gootl  effect. 

Ilyjjodermic  solutions  are  preferably  freshly  ])reparcd.  If  the  solution  is  to 
be  kcjjt  for  any  length  of  time,  there  shoukl  be  added  to  it  a  minute  quantity 
of  carbolic  acid  to  prevent  germ  and  fungus  growth. 

The  needle  and  syringe  having  been  sterilized,  the  required  tlose  of  the  medi- 
cation to  l)e  injected  is  drawn  into  the  syringe.  In  a  perfectly  acting  syringe 
this  can  be  done  with  the  needle  attached.  The  skin  through  which  the  needle 
is  to  pass  is  disinfected  by  rubbing  it  smartly  with  alcohol  and  a  sterile  bit  of 
gauze.  The  asual  sites  for  injection  are  the  outer  surface  of  the  deltoid,  the  outer 
surface  of  the  thigh,  the  gluteal  region,  and  the  calf  of  the  leg.  The  gluteal  re- 
gion is  usually  chosen  for  such  drugs  as  are  not  absorbed  quickly — e.g.,  a  strong 
solution  of  mercury.  A  strong  alcoholic  solution  should  never  be  used  in  the 
subcutaneous  tissues,  except  in  the  case  of  na'vi,  as  sloughing  is  likely  to  result. 
Brandy  and  whiskey  should  always  be  diluted  one-half  before  they  are  used. 
The  skin  over  the  site  to  be  injected  is  either  pinched  up,  in  case  the  injection 
is  to  be  made  into  the  cellular  tissue,  or  held  tense  in  case  a  deep  injection  is  in- 
tended. The  needle  is  plunged  (juickly  in  an  obhque  direction  to  the  required 
depth  and  the  injection  is  made  slowly.  The  needle  is  then  ciuickly  withdrawn 
and  the  site  is  gently  massaged  with  alcohol  on  a  sterile  bit  of  gauze,  to  cause 
diffusion  of  the  injected  fluid. 


VACCINATION,  CUPPING,  VENESECTION,  TRANSFUSION,  HYPODER- 
JIOCLYSIS,   AND   OTHER  MINOR  SURGICAL   PROCEDURES. 

Vaccination. — The  usual  site  for  this  procedure  is  on  the  left  arm,  over  the 
lower  portion  of  the  deltoid.  In  females  the  vacination  may  be  done  on  the 
outer  surface  of  the  thigh,  or  on  the  surface  of  the  calf,  in  order  to  avoid  a  visible 
scar. 

In  vaccinating,  the  rules  of  asepsis  ai-e  to  be  thoroughly  carried  out.  The 
skin  thus  jirejiared  may  be  either  scarified  with  an  aseptic  knife,  the  side  of  the 
point  of  the  knife  being  used  to  make  criss-cross  incisions,  or  these  incisions  may 
be  made  with  the  ivory  point  accompanying  the  vacine  virus  or,  better  yet,  by 
a  candjric  needle.  The  ivory  point  and  virus  are  aseptically  prepared  by  the 
manufacturer.  When  these  incisions  are  made,  care  should  be  used  not  to 
cause  l)lood  to  flow  freely,  Ixit  rather,  by  a  scraping  motion,  to  cause  the  flow  of 
serum.     The  vacine  virus  is  well  rublied  in,  and  the  abraded  surface  is  allowed  to 
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dry.  A  sliiclil  sliould  ho  a])i)lio(l  to  ]irotcft  the  parts  from  irritation  from  the 
clothes.  'Hiis  siiicld  should  he  traiispai-cnt  to  allow  of  inspection  of  the  parts, 
and  should  lie  perforated  so  that  the  paiis  may  Im'  kept  ventilate(l. 

Scarification. — Scarilication  is  employed  for  the  relief  of  local  cdnt^estion. 
It  consists  in  small  ])arallel  incisions  made  in  the  skin  or  mucous  mendii'ane  over 
the  congested  ai'ea.  In  the  case  of  the  skin,  these  small  incisions  should  be  made 
parallel  with  the  normal  lines  of  cleavage  of  the  skin.  The  procedure  may  be 
employed  with  benefit  in  inflammatory  infections  of  the  tonsils,  uvula,  and 
]>harvnx,  |iarticularly  when  a-dema  of  the  glottis  is  threatened. 

Acupuncture. — Acupuncture  may  be  employed  in  oedema  of  various  parts 
of  the  body,  to  relievo  painful  swellings,  and  to  allow  of  the  flow  of  serum  from 
structiu'os  beneath  the  skin.  A  narrow-bladed  bistoury  is  tlnnisl  deeply  into  the 
swollen  area.  One  or  a  nundier  of  such  punctures  may  be  made,  care  being 
taken  to  avoid  important  blood-vessels  or  nerves.  The  incisions  or  punctures 
should  be  made  and  treated  aseptically,  since  infection  under  these  condition.s 
is  apt  to  be  severe  and  destructive.  To  encourage  oozing,  warm,  moist  dressings 
may  bo  used. 

Cupping. — Wet  or  dry  cupjjing  may  be  used,  ^^'et  cupping,  formerly  much 
employed,  is  rarely  used  at  the  present  time.  Dry  cupping  consists  in  causing  a 
local  congestion  by  applying,  over  the  area  whore  it  is  wished  to  produce  con- 
gestion, a  receiver  from  which  the  air  has  been  exhausted.  Ordinary  glas.s 
tumblers  serve  as  well  as  special  cupping  glasses.  The  interior  of  the  tumbler  is 
moistened  with  a  little  alcohol  or  proof  whiskey.  To  do  this,  twist  some  cotton 
around  the  end  of  a  lead  pencil,  nioist<>n  it  with  alcohol  and  rapidly  smear  the 
interior  of  the  tumbler  with  the  alcohol.  Light  the  alcohol  in  the  tumbler  with 
a  match,  and  appl}'  the  tundilor  quickly  to  the  ai'oa  indicated.  The  stick  armed 
with  cotton  that  has  been  saturated  with  alcohol,  and  the  supply  of  alcohol  that 
was  used  for  saturating  the  cotton  mop,  should  be  kept  at  a  distance  from  the 
patient.  Care  should  bo  taken  not  to  smear  the  interior  of  the  tumbler  too 
profusely  with  alcohol;  otherwise  some  may  run  down  over  the  edge  of  the 
tumbler  and  burn  the  patient.  Several  of  these  tumblers  may  be  used.  A.s  the 
expanded  air  in  the  tumbler  cools,  the  vmdorlying  soft  parts  will  bo  forced  by  the 
outside  atmospheric  jiressuro  up  into  the  tumbler,  and  so  congestion  of  these 
parts  will  bo  produced.  The  amount  of  congestion  will  vary  somewhat  with  the 
length  of  time  (usually  a  few  minutes)  the  tumbler  is  left  in  place.  To  remove 
the  tumbler  press  the  skin  down  with  the  thumb  at  the  edge  of  the  glass  and  so 
allow  the  air  to  enter;  the  tumbler  may  then  be  readily  removed.  Glasses  with 
sharp  edges  should  not  be  employed,  as  they  may  cut  the  tissues  if  left  long  in 
position.  If  wet  cupping  is  em])loyod,  the  aliove  procedure  should  bo  first 
carried  out,  and  then  the  congested  area  may  be  scarified,  preferably  with  a  scal- 
pel. (In  former  times  a  spring  scarificator  was  employed,  but  it  was  found 
practically  impossible  to  keep  the  blades  aseptic.)     The  cups  are  then  applied 
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a  second  time,  and  the  suction  from  tlic  cups  causes  blood  to  flow  from  the  scari- 
fied area.  Wlien  sufficient  blood  has  been  drawn,  the  cups  are  removed  and  an 
aseptic  dressing;  is  applied. 

The  Employment  of  Leeches. — Leeches  are  still  occasionally  used,  more 
particularly  by  ear  specialists  for  reducing  congestion 
over  the  mastoid,  although  Bier's  method  has  super- 
sedetl  their  use  to  some  extent.  A  small  puncture  is 
made  with  a  scalpel,  and  the  leech  is  applied  to  this. 
One  or  several  leeches  may  be  ai)])lied  to  a  i>art.  After 
they  hav(>  served  their  [lurpose,  if  they  do  not  drop  off 
readily  or  are  not  easily  removed,  sprinkling  a  little  salt 

over  them  will  cause  them  to 

let  go. 

Venesection.— This    pi-oued- 

ure   may  be  indicated  in  cases 

in  which  it   is  desirable  to  re- 
duce l)ln(id  pressure  and  in  cases 

in  wliicli  toxins  are  present  in 

excess  in  the  l)lood  or  in  ^hich 

the  condition  of  the   Ijlootl  it- 

if    •  1  ,1  •  Fig.  385. — Forearm  with 

sell  IS  such  as  to  be  poisonous     t-h  *  a     >■  i     ^,      •     . 

1  I-illet   Applied.     Thumo  at 

— as,    for   example,    in   poisoning       junction  of    median  basilic 
,         •,,         ■         ■  T        1      ii         ''^"'-'  median  ceplialic  veins. 

by    illuiiiinatuig   gas.      In    both 

the  latter  contlitions  venesection  usually  precedes  direct 
transfusion  of  l)lood  from  one  individual  to  another. 
In  the  exi)erinieiits  of  C'rile,  lilood-letting  formed  a  part 
of  the  treatment  in  connection  with  direct  transfusion 
g  of  blood,  and  the  highest  percentage  of  recoveries  was 
secured  when  these  two  features  were  combineil. 

Technique. — ^^'hen  the  venesection  is  done  in  con- 
nection with  direct  transfusion  of  blood  from  artery  to 
vein,  the  l)lo()d  should  be  withdrawn  from  the  vein  of 
Fig.  386.— The   Super-     -[he  patient  at  the  .site  at  which  the  transfusion  is  to  be 

ficial  Veins  of  the  Forearm,  i      i  •  •  •   i    i 

the  Skin  Having  been  made,  and  thlS  JjriOr  Withdrawal  of  blood  from  the  pa- 
Removed,     a.  Median  ce-     ticut's  vciu  shoulcl  bc  Considered  an  important  part  of 

phalic;   b,  cephalic;    c,  bra-  ,  ,  ,     ,  r-    •    i         •  p     i 

ehiai;  r.  basilic;  /,  median  ^''^''^^  procedure.  Any  ot  the  superucial  veins  of  the  arm 
basilic;  g.  anterior  ulnar;  (Fig.  385)  of  sufficient  size  to  be  Utilized  in  establishing 
an  anastomosis  with  the  radial  artery  of  the  donor 
may  be  selected.  Septic  phlebitis,  which  was  dreaded  by  the  phlebotomists 
of  the  past  century,  should  not  occur  under  ])resent-(lay  asepsis. 

When  phlebotomy  is  tlone  for  the  purpose  of  lowering  blood  pressure,  the  tech- 
nique is  as  follows: — A  vein,  jiicferably  the  median  cephalic,  is  selected  and 
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iiKuli:  proiiiiiR'nt  by  ;i  liUct  lustuuctl  uIkhiI  llic  iiiidillc  of  llic  arm.  (Fij;'.  ;J<S().) 
.\11  aseptic  ])rocaiitions  arc  to  be  employcil.  'llic  distciKlcd  vein  i.-^  .steadied  by 
the  tliiiiiib  (if  the  left  iiaiid,  and  with  a  sluirp-pdiiitcd  liisttiiiry  it  is  opened  ob- 
li(|uely  to  its  long  axis.  A  .sufficient  amount  of  Ijlood  iiaving  been  withdrawn  to 
lower  the  blood  pressure  to  the  retjuired  jjoint,  as  indicated  by  the  sphygmoman- 
ometer applied  to  the  other  arm,  the  fillet  is  removed,  and  further  lileeding  from 
the  vein  slopped   by  tiie  pressur<'  of  an  aseptic  j)ad  of  gauze  held  in  place  by  a 


ij 


a—J- 


-\-v- 


a- 


FiG.  387. — Intravenous  Saline  Injection.  Upper  left-hand  figure — vein  dissected  and  ligatures 
in  position:  a,  Distal  ligature;  h,  proximal  ligature;  c,  vein;  /,  forceps.  Upper  riglit-hand 
figure — cannula  introduced  into  vein:  c.  Distal  ligature  tied;  d,  cannula.  I^ower  left-hand  figure: 
Cannula  held  by  proximal  ligature.  Lower  right-liand  figure:  Cannula  withdrawn  and  proximal  lig- 
ature tied.      (After  Ashton.) 


figure-of-8  bandage.  The  arm  should  subseciiiently  be  kept  quiet.  It  should 
be  borne  in  mind  that  the  more  rapidly  the  blood  is  withdrawn  the  more  im- 
mediate will  be  the  effect  on  the  circulation,  and  the  less  will  be  the  quantity  of 
blood  necessarily  lost. 

Intravenous  Infusion  of   a   Saline   or  an    Adrenalin  Solution. — The  me- 
dian basilic  or  the  median  cephalic  vein  at  the  base  of  the  elliow  is  usually 
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selected  for  this  purpose.  A  constricting;  liaii(l;i!j;e  (the  fillet)  is  placed  around 
the  upper  part  of  the  arm  ,so  as  to  obstruct  the  return  flow  through  the  super- 
ficial vein.  With  aseptic  precautions  the  vein  is  baretl  and  cleared  for  a  dis- 
tance of  about  one  inch.  Two  ligatures  are  passed  around  it,  one  above  the 
jioint  of  intended  opening,  and  one  l)elow.  (Fig.  3'87.)  An  opening  small  and 
valve-shaped  is  made  in  the  vein  with  pointed  scissors,  and  the  tube  of  the  cannula 
is  introduced  therein,  some  of  the  infusion  fluid  being  first  allowed  to  flow 
tlu-ough  it  in  order  to  guard  against  the  entrance  of  air.  The  upper  ligature  is 
now  tightened  around  the  cannula,  thus  holding  it  in  place  and  also  preventing 
leakage.  The  lower  ligature  is  tied  in  such  a  manner  as  to  close  the  vein  l>eIow. 
The  fillet  is  now  removed.  The  jar  containing  the  infusion  should  be  lifted  about 
tlu-ee  feet  above  the  vein.  The  rapidity  of  the  flow  of  the  solution  can  be  regu- 
lated by  raising  or  lowering  the  jar  which  contains  it,  or  by  compressing  part 
of  the  circumference  of  the  tubing  with  an  artery  clamp  in  such  a  manner  as  to 
narrow  the  lumen  of  the  tube. 

(For  further  details  regarding  the  strength  and  quantity  of  the  solutions  to 
be  ased,  the  proper  temperatiu'e  of  the  fluid,  the  kintl  of  needle  to  emj)loy,  and 
other  technical  matters,  the  leader  is  referred  to  the  article  on  Surgical  Shock 
in  \'ol.  I.,  the  section  devoted  to  Treatment,  p.  493  et  seq.) 

In  cases  in  which  secondary  hemorrhage  is  feared,  care  should  be  taken  not 
to  raise  the  blood  pressure  too  high  by  introducing  a  large  amount  of  saline. 
The  solution  should  be  allowed  to  flow  in  very  slowly.  In  shock,  it  may  be 
thought  desirable  by  some  to  combine  small  doses  of  strychnia  with  the  saline 
infusion.  This  may  be  done  by  introducing  the  hypodermic  needle  into  the 
rubber  tubing  and  slowly  injecting  the  strychnia  into  the  saline  as  it  passes  into 
the  circulation.  Adrenalin  chloride  in  1: 1,000  solution  may  be  injected  in  this 
manner  and  may  be  repeated  at  brief  intervals  until  the  blood  pressure  is  mani- 
festly raised.  In  cases  of  shock  in  which  strychnia  has  been  administered  be- 
fore the  saline  infusion  is  started,  there  is  always  a  risk  that  the  saline  infusion 
will  cause  the  strychnia  to  be  absorbed  too  rapidly.  In  such  cases  symptoms  of 
strychnia  poisoning  may  develop.  (See  also,  in  regard  to  the  use  of  strychnia  in 
shock,  p.  494  of  Vol.  I.) 

Direct  Transfusion  of  Blood. — Dr.  George  W.  Crile,  of  Cleveland,  Ohio,  has 
recently  pulilished*  a  tletailed  description  of  the  manner  in  which  this  pro- 
cedure should  be  carried  out,  and  we  believe  it  better  to  fiu-nish  here  rather 
full  extracts  from  this  account  than  to  publish  a  mere  resume. 

Transjnsion  jro7?ia  Peripheral  Artery  of  Donor  to  a  Proximal  Vein  of  Recipient. — 
The  question  of  clotting  at  the  site  of  anastomosis  was  eliminated  by  the  use  of  a 
mechanical  device  of  Dr.  8.  J.  Mixter's.  The  present  instrument  is  made  by  J.  C. 
Ulmer  &  Co.,  of  Cleveland,  Ohio.     By  means  of  this  tube  anastomosis  may  be  made 

*  The  Canada  Lancet,  -August,  1907.  vol.  xl.,  pp.  10.57-1068. 
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so  that  intiina  is  in  contacl  with  iutiina  alone,  witiiout  daniaf:;e  to  this  structure  and 
without  the  possibility  of  any  foieijrn  body  (.•oniing  in  contact  with  the  blood  stream. 
In  clinical  transfusions  wo  have  utilized  the  I'adial  arteiy  of  donor  and  iiny  superficial 
vein  of  the  recipient.  (Jive  lioth  donor  and  recipient  a  hypwlerniic  injection  of 
morphine  twenty  minutes  before  transfusion,  before  they  enter  the  ojjei'ating- 
rooni.  After  theii'  arms  are  prejaared,  a  nurse  places  a  wet  towel  o\'ei'  their  eyes  with 
the  explanation  that  the  eyes  must  be  protected  to  prevent  headache.  Donor  is 
placed  on  an  operating-table  of  the  Trendelenburg  type  so  that  in  case  he  should 
faint  lie  can  be  readily  lowered.  Roci]iientis  also  placed  on  an  operating-table  with 
his  head  in  an  opposite  dire('tion  from  the  donor.  By  the  use  of  au  infiltration  anes- 
thesia of  one-tenth-per-cent  solution  of  cocaine,  about  .3  cm.  of  the  radial  artery  is  ex- 
posed and  the  smaller  branches  tied  with  pieces  of  very  fine  silk;  a  "Crile"  clamp  is 
applied  to  the  proximal  end  of  the  artery  and  the  distal  end  is  ligated;  the  artery  is 
then  divided :  the  adventitia  is  pulled  over  the  free  end  as  far  as  possible  and  snipped 
off  clo.se:  a  moist  saline  sponge  now  covers  this  field;  3  or  4  cm.  of  the  superficial  vein 
of  the  recipient  is  then  freed,  the  distal  part  ligated,  the  proximal  closcl  with  the 
"Crile"  clamp;  the  distal  part  then  is  divided  with  the  scissors,  the  ailventitia 
drawn  out  as  far  as  po,ssil:)le  and  snip]3ed  off  clo.se;  the  ve.ssels  are  then  inspected 
and  a  cannula  whose  bore  is  larger  tlian  the  ai'tual  tissue  thickness  of  either  vein  or 
artery  is  selected.  The  vein  may  then  be  pushe(l  through  tliis  tube,  after  which  the 
free  end  is  turned  back  like  a  cuff  and  snugly  tied  in  the  .second  groove.  During 
this  time  the  handle  of  the  cannula  is  steadied  and  manipulated  by  means  of  forceps. 
If  the  artery  is  atheromatous,  and  therefore  firmly  contracted,  or  if  for  any  other 
reason  contracted  or  quite  small,  its  lumen  may  be  dilated  Ijy  means  of  a  mosquito 
haemostat  pushed  into  the  lumen,  then  opened  gradually.  The  artery  is  then  drawn 
over  the  vein  and  is  snugly  tied  with  a  small  linen  ligature  in  the  first  groove.  This 
completes  the  anastomosis.  The  clamp  is  then  removed  from  the  vein,  afterward 
gradually  from  the  artery,  when  the  blood  stream  will  be  seen  to  pass  from  the 
artery  across  to  the  vein,  dilating  the  latter.  However,  the  exposure  and  manipula- 
tion of  the  vessels  cause  them  to  retract,  j^articularly  so  in  the  case  of  the  artery. 
This  ves.sel  may  contract  so  firmly  as  to  obliterate  its  lumen.  The  constant  applica- 
tion of  warm  saline  solution  and  protecting  it  from  the  air  will  help  materially  in 
bringing  al)out  relaxation  and,  hence,  a  free  stream  of  blood.  The  pulse  wave  may 
be  palpated  in  the  vein.  It  it  best  to  introduce  the  blooil  \-ery  slowly,  watching 
carefully  the  result.  In  some  instances,  when  the  stream  passed  over  imder  too  great 
a  head  and  when  the  cai'diac  muscle  of  the  recipient  was  weak,  symptoms  of  acute 
dilatation  occurred.  There  was  precartlial  distress,  pain  extending  through  to  the 
back,  and  almost  incessant  coughing,  rapid  pulse,  and  considerable  cyanosis.  These 
symptoms  in  each  instance  pas.seil  off  after  a  time,  though  when  once  they  developetl 
they  seriously  hampered  the  transfusion  and  diminished  the  quantity  of  I)lood  that 
might  with  safety  be  transferred.  In  the  majority  of  instances  we  ha\'e  l)een  able 
to  transfer  the  blood  without  the  patient's  knowing  that  it  was  done,  thereby  entirely 
avoiding  the  psychical  factor.  In  cases  transfused  for  profound  shock  or  hemorrliage, 
the  transformation  of  the  face  is  a  most  striking  phenomenon,  consisting  of  a  gradual 
obliteration  of  the  pale,  haggard  facies  and  a  substitution  of  a  fuller,  more  rounded, 
pink  coloration  of  glowing  health.  Not  only  is  there  ti-ansformation  in  the  facies,  but 
also  in  the  psychical  state  and  in  the  general  well-being  of  the  patient.  In  the 
donor,  after  from  twenty  to  forty-fi\'e  minutes  of  continuous  flow  from  the  radial  ar- 
tery in  a  good  anastomosis,  a  gradual  pallor  of  the  extreme  points,  viz.,  the  nose, 
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ears,  etc.,  may  be  noted,  and  more  seriou.s  effects  of  the  loss  of  lilood  will  Iieobserved 
if  the  transfusion  is  allowed  to  go  on.  The  transfusion  should,  therefore,  be  ter- 
minated as  .soon  as  the  tlonor  shows  irregular  respiration  or  sighs,  is  a  bit  uneasy,  or 
presents  a  characteristic  facies.  The  earliest  and  mo.st  constant  change  noted  in  the 
recipient  is  the  almost  instant  and  continuous  rise  in  the  blood  pressure,  continuing 
up  to  a  certain  point,  the  total  rise  depending  upon  the  physical  state  and  the  quantity 
of  blood  transfu.sed.  There  is  also  a  rise  in  h-T-mogloliin  and  the  red  count.  The 
most  constant  phenomenon  on  the  part  of  the  donor  is  the  rise  in  the  leucocHes. 

Hypodennoclysis. — In  cases  of  a  less  urgent  character  hypoderiiioclysis 
may  be  substituted  for  intravenous  saline  infusion.  The  apparatus  consists 
of  a  hollow  needle,  an  irrigator,  rubber  tubing,  and  an  ordinary  bulb  syringe. 
The  needle  is  introduced  into  the  cellular  tissues  beneath  either  breast,  aiul  from 
one  to  two  pints  of  the  solution  is  slowly  introduced,  usually  a  pint  licneath  each 
breast.  Tliis  is  rapidly  absorbed.  Should  a  second  hypodermoclysis  be  in- 
dicated, it  may  be  gi^'en  in  the  interscapular  region  or  on  the  inner  surface  of 
the  thigh. 

Auto-transfusion. — Auto-transfusion,  like  intravenous  saline  infusion,  should 
be  enii)loyed  only  after  the  source  of  the  hemorrhage  is  under  control.  In 
cases  of  .shock  it  is  used  to  favor  the  caixliac  and  respiratory  centres  in  the  me- 
dulla. In  such  cases  the  foot  of  the  bed  is  raised  to  an  angle  of  forty-five 
degrees.  This  tends  to  force  the  blood  to  the  medulla.  In  some  cases  of  hemor- 
rhage one  or  all  of  the  extremities  may  be  l^andaged,  beginning  at  the  most  dis- 
tal point  and  bandaging  toward  the  trunk,  thus  forcing  the  blood  of  the  extremi- 
ties into  the  body.  This  is  of  great  value  as  a  temporary  resource.  It  does  not 
take  the  place  of  intravenous  saline  infusion,  l:)ut  may  lie  used  to  gain  time  and 
tide  the  patient  over  while  the  saline  infusion  is  being  prepared.  The  extremi- 
ties should  not  be  kept  bandaged  in  this  manner  for  longer  than  two  hours. 

VOL.  IV.— .39 


PLASTIC  SURGERY. 

By  JAMES  S.  STONE,  M.D.,  Boston,  Massachusetts. 


GENERAL    CONSIDERATIONS. 

Plastic  or  reparative  surgery  deals  with  the  correction  of  deformities 
involving  chiefly  or  primarily  the  skin  or  soft  parts  rather  than  the  bones,  liga- 
ments, and  tendons.  While  no  definite  line  can  be  drawn  between  plastic  and 
orthopedic  surgery,  yet  custom  has  to  a  great  extent  marked  out  the  field  of 
plastic  work. 

Although  it  is  one  of  the  oldest  branches  of  surgery,  nevertheless  of  recent 
3'ears  the  attention  which  has  been  given  to  abdominal  and  other  work  has  to  a 
certain  extent  diverted  interest  from  many  reparative  operations,  which  are  of 
the  utmost  practical  importance.  Only  a  comparatively  minor  part  of  plastic 
surgery  is  undertaken  for  cosmetic  reasons.  A  thorough  understanding  of  plas- 
tic surgery  may  often,  for  example,  enable  the  surgeon  to  remove  from  the 
face  malignant  tumors  which  otherwise  he  might  regard  as  being  inoperable. 
A  knowledge  of  the  resources  at  his  command  will  often,  in  the  case  of  a  work-' 
ingman,  lead  the  surgeon  to  save  the  fingers  or  the  hand  which  would  other- 
wise be  amputated.  In  no  branch  of  surgery  is  there  gi'eater  opportunity 
for  originality  than  in  this.  In  fact,  no  branch  compels  originality  and 
puts  to  the  test  the  resources  of  the  surgeon  more  than  plastic  work,  ant!  this 
makes  it  fascinating.  Fortunately,  in  almost  all  cases  the  oj^cration  can  be, 
and  whenever  possible  ought  to  be,  planned  beforehand  with  the  utmost  atten- 
tion to  every  detail.  All  possible  contingencies  should  be  foreseen,  and  the 
course  to  be  followed  in  any  event  should  be  clearly  planned  before  prognosis  is 
given  or  a  cut  is  made.  A  failure  at  the  outset  frequently  makes  a  later  success 
much  more  diflficult  and  often  impossible. 

Plastic  operations  should  be  attempted  only  under  certain  definite  condi- 
tions. The  patient  should  be  in  good  general  health  and  the  parts  of  the  body 
concerned  in  a  suitable  state  for  the  purpose.  Also  the  environment  and  outfit 
should  be  in  keeping  with  the  attempt.  These  conditions  being  fulfilled,  success 
will  depend  on  minute  attention  to  the  numerous  details. 
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GENERAL  PRINCIPLES  OF  PLASTIC  OPERATIONS. 

The  general  principles  of  plastic  operations  may  be  eniimeratetl  at  once. 

Accurate  apposition  minimizes  scar  tissue,  and  thus  prevents  secontlary 
contractions.    Therefore  prompt  and  firm  union  of  refreshed  surfaces  is  essential. 

Sound  tissues  only  should  be  utilized.  Scar  tissue  or  diseased  tissue  should 
not  be  used  when  it  is  possible  to  avoid  it.  Pale,  glossy  cicatricial  tissue  is 
particularly  to  be  avoided.  Cicatricial  tissue  at  the  base  of  a  flap  or  running 
across  a  flap  is  peculiarly  liable  to  cause  sloughing  because  of  interference  with 
proper  nutrition.  Cicatricial  tissue  should  never  be  left  at  the  edge  of  a  flap, 
because  healing  of  this  tissue  is  extremely  slow  and  unsatisfactory;  and  when 
it  is  thus  located,  no  trust  should  be  placed  in  its  reparative  powers. 

The  flaps  used  in  plastic  operations  invariably  shrink,  ami  therefore  should 
be  cut  a  third  to  a  fourth  larger  than  the  area  which  it  is  intended  thcj'  should 
fill.  The  shrinkage  varies  with  the  direction  of  the  elastic  fibres.  Flaps  should 
include  enough  vessels  and  subcutaneous  tissue  to  maintain  their  nutrition. 
It  is  of  great  advantage  to  include  a  main  artery  in  the  pedicle.  The  distribu- 
tion of  nei-ves  is  of  less  importance.  The  least  possible  tension  (preferably 
none  at  all)  should  be  made  upon  flaps,  and  all  flaps  should  be  handled  and 
sutured  with  the  greatest  care.  Therefore  the  pinching  of  flaps  by  forceps 
should  be  avoided;  and  instead  tenacula  should  be  employed  to  draw  them 
into  position.  The  sutures  should  be  so  placctl  that  tension  is  evenly  distributed. 
Tension  should  never  be  put  upon  the  pedicle  of  a  flap.  A  flap  should  never 
be  left  blanched  at  the  end  of  an  operation.  If  so  left,  it  will  slough  with 
absolute  certainty. 

Asepsis  rather  than  antisepsis  should  be  the  aim,  both  at  the  time  of  operation 
and  during  the  convalescence.  Vigorous  scrubbing  is  to  be  avoided,  since  it 
objectionably  arouses  the  circulation  and  the  "stitch-abscess"  germs  of  the  skin. 

Hemorrhage  should  be  stopped  before  the  flaps  are  sutured. 

Not  only  should  the  part  be  inmiobilized,  but  soft  and  unirritating  dressings 
should  be  applied  so  as  not  to  interfere  with  the  nutrition  of  the  flaps.  In 
cases  of  doubt  regarding  the  vitality  of  a  flap,  prompt  inspection  should 
reveal  the  progress  of  repair,  and,  in  instances  of  impending  death  of  the 
flap,  it  should  be  released  and  even  restored  to  the  original  sites,  thus  perhaps 
rescuing  the  patient  from  additional  disfigurement. 

The  needles,  sutures,  and  manner  of  tying  are  matters  of  great  importance, 
especially  in  plastic  surgery.  The  needles  are  curved  or  straight  as  may  be  de- 
sired ;  usually  the  former  are  the  more  convenient.  They  may  be  round  or  an- 
gular, the  latter  having  one  or  more  cutting  edges.  Those  with  cutting  edges 
enter  the  ti.ssucs  more  easily,  the  round  being  often  difficult  to  pass  and  re- 
quiring care,  as  otherwise  the  flaps  will  be  unduly  handled.     The  cutting  edge 
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of  a  needle  should  be  on  the  convex  surface,  not  at  the  concave,  and  never  at 
the  external  borders.  In  the  last  instance  bleeding  is  encouraged  and  a  too  large 
stitch  hole  is  made,  which  is  caused  to  gape  when  the  suture  is  tied  (Fig.  388,  A 
and  5),  thus  laying  the  foundation  for  infection  and  disfigurement.  The  puncture 
made  by  the  round  needle  holds  a  ligature  the  best  with  the  least  danger  of  dis- 
figurement. That  made  by  a  con- 
vexly  curved  cutting  border  is  next 
in  order  of  efficiency,  the  one  made 
by  a  concave  cutting  border  holds 
a  suture  well,  and  the  last  two  are 
closed  when  the  suture  is  tied. 
(Fig.  .388,  C  and  D.) 

Chromicized  catgut,  horsehair, 
silkworm  gut,  silk,  linen,  and  also 
silver  wire  are  accepted  agents 
for  suturing  in  plastic  work. 
Horsehair  will  stand  but  little 
traction  and  therefore  is  useful 
when  little  or  none  is  needed. 
Silkworm  gut  is  often  the  best 
agent  for  the  purpose.  It  is  non- 
absorbent,  strong,  coarse  or  fine, 
and  a  single  fold  of  a  knot,  the  ends 
lying  flat,  will  usually  suffice  to  hold 
the  borders  in  proper  apposition.  Silk  makes  a  gootl  suture  and  is  of  almost 
universal  application.  The  advantage  of  silk  is  its  great  pliability;  the  chief 
objection  is  the  capillary  meshwork  along  which  infection  may  spread.  The 
celluloid  linen  stitches  are  to  a  great  extent  free  from  this  objection.  Catgut 
should  not  be  used  about  the  mouth  or  \\hcre  it  may  become  unduly  moistened. 
Fine  silver  wire  is  a  serviceable  agent,  but  is  employed  much  less  frequently. 
Of  whatever  material  it  may  consist,  the  suture  should  only  bring  the  borders 
of  the  wound  in  close  contact  with  each  other,  allowing  of  opportunity  for 
swelling  without  the  danger  of  strangulation  of  the  included  tissue,  which  is  so 
provocative  of  ulceration  and  disfigurement.  No  suture  should  ever  be  suffi- 
ciently tight  to  exsanguinate  the  tissue  within  its  grasp. 

Whenever  stitch  abscesses  seem  imminent  it  is  better  to  introduce  new  sut- 
ures near  to  hand  than  to  rely  on  the  first,  which  shoidd  then  be  removed.  In 
the  removal  of  silkworm-gut  sutures  and  those  of  a  similar  nature  they  should 
be  cut  at  one  side  close  to  the  skin  and  be  unhooked,  as  it  were,  for  apparent 
reasons. 

There  are  several  methods  of  practice  in  reparative  work,  but  direct  union 
of  the  edges  of  a  defect  is  the  simplest  procedure  of  all.     The  parts  may  be 


Fig.  .3SS. — Variety  of  Needle  Holes.  A  shows  the 
holes  made  by  a  needle  with  the  cutting  edges  at  the 
sides.  The  long  diameter  of  the  holes  is  parallel  with 
the  cut  in  the  skin  ;  B  shows  the  effect  of  tying  the 
suture.  Tl:te  holes  are  made  to  gape  by  the  pull  of  the 
suture  upon  the  sides.  Thus  bleeding  is  favored  and 
an  entrance  for  infection  is  left  open  ;  C  shows  the 
holes  made  by  a  needle"  with  the  cutting  edge  on  the 
-concave  or  convex  borders.  The  long  diameter  of  the 
holes  is  at  riglit  angles  to  the  skin  incision  ;  D  shows 
how  the  holes  are  not  opened  by  tying  the  sutures. 
(After  Pozzi.) 
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united  by  slitling  or  lateral  displacement  of  the  edges  of  a  defect.  This  is  known 
as  the  French  method.  Or  flaps  may  be  taken  from  parts  in  the  immediate  neigh- 
borhood and  transferred  to  the  location  of  the  defect,  the  nourishment  of  these 
flaps  being  furnished  by  a  pedicle  containing  sufficient  blood  supply.  This  is 
known  as  the  Indian  method,  and  has  been  j^ractised  for  centuries.  The  flaps 
may  also  be  taken  from  distant  parts  of  the  body,  a  procedure  known  as  the  Italian 
method  or  that  of  Tagliacozzi,  because  first  described  in  his  work  "  DeCurtorum 
Chirurgia  per  Insitionem,"  published  in  1597.  Another  method  is  by  the  use 
of  grafts. 

In  addition  to  these  methods  by  operation,  prosthetic  means  are  often  reciuired 
to  supply  irremediable  defects. 

Direct  union  of  the  sides  of  a  defect  can  be  accomplished  only  by  thorough 
refreshing  of  the  edges  to  be  apposed.  This  should  be  done  with  a  sharp  knife 
rather  than  with  scissors.  Cuts  through  the  skin  or  the  mucous  membrane 
should  always  be  made  at  right  angles  to  the  surface  except  in  the  case  of  the  hairy 
scalp.  Incisions  in  this  locality  should  be  made  at  such  an  angle  as  not  to  cut 
across  the  roots  of  the  hairs:  for,  if  their  slanting  roots  are  cut  across,  then,  after 
union  of  the  edges  of  the  wound  has  occurred,  a  small  bald  spot  will  be  left  in  the 
area  w'hich  would  otherwise  have  been  covered  by  these  hairs. 

In  those  cases  in  which  tension  is  too  great  for  satisfactory  union,  much 
freedom  may  be  gained  by  undermining  at  the  sides  of  the  opening.  ITndermin- 
ing  should  be  done  with  a  knife  and  should  include  all  the  subcutaneous  tissue 
down  to  the  fascia,  except  in  those  instances  where  important  structures  might 
be  injured,  as,  for  example,  the  branches  of  the  facial  nerve  in  operations  on 
the  cheek.  In  operations  intended  to  fill  large  gaps,  undermining  should  be 
l)ractiscd  unsparingly.  A  surprising  amount  of  freedom  of  motion  is  gained 
for  the  tissues  thus  treated,  and  tension  is  correspondingly  diminished.  When 
the  fascia  is  divided,  care  should  be  taken  to  secure  the  union  of  its  cut  edges. 
The  importance  of  this  will  be  appreciated  when  it  is  remembered  that  the  fascia 
suppoils  the  skin,  and  that  consequently  the  withdrawal  of  this  support  will 
surely  cause  the  scar  in  the  skin  to  stretch.  On  the  other  hand,  if  the  edges  of 
the  fascia  become  firmly  united,  the  scar  in  the  skin  will  stretch  only  when  the 
tension  is  unusual. 

In  suturing  the  edges  of  a  gap,  it  is  often  unwise  to  use  a  subcutaneous  stitch 
if  there  is  much  tension.  Where  such  tension  exists,  apposition  can  be  obtained 
more  perfectly  by  other  methods  of  sutiu'e,  and  accuracy  of  apposition  is  of 
great  importance  in  preventing  spreading  of  a  scar.  The  marks  of  stitch  holes 
arc  usually  less  objectionable  than  a  broad  scar.  A  subcutaneous  suture  may 
be  used,  provided  that  the  fascia  is  imited  below  so  securely  as  to  prevent  ten- 
sion, or  provided  that  other  sutures  are  passed  in  such  a  way  as  to  prevent 
tension  disfigurement. 

In  those  cases  in  which  direct  union  is  impossible,  even  after  extensive  under- 
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iiiiiiiiig  of  tlie  edges  of  the  gap,  lateral  iiKusions  may  be  made  parallel  with  and 
somewhat  removed  from  the  gap,  thus  allowing  greater  mobility  of  the  edges  and 
substituting  two  narrow  defects  for  one  wide  defect. 


DIFFERENT  METHODS  OF  FILLING  IN  GAPS  IN  THE  SKIN. 

Flap  Formation. — In  plastic  operations  upon  those  portions  of  the  body  in 
which  tension  does  no  particular  harm,  the  filling  of  gaps  by  the  French  method 
of  sliding  flaps  in  from  the  sides  is  almost  always  that  of  choice.  P'or  example, 
after  the  removal  of  any  tumor  of  the  abdominal  wall,  or  after  the  removal  of 
the  breast,  the  defect  had  best  be  filled,  as  far  as  is  possible,  by  sliding  in  flaps  of 
skin  from  the  edges.  This  method,  however,  is  usually  very  unsatisfactory  in 
those  instances  in  which  tension  is  to  be  avoided.  Thus,  for  example,  in  restor- 
ing the  border  of  any  orifice  (a  lip  or  an  eyelid),  or  in  closing  a  defect  in  the 
palm  or  the  flexor  surface  of  the  elbow  or  the  knee,  the  use  of  a  flap  slid  in  from 


Fig.  389. 

the  borders  of  the  gap  may  often  be  followed  by  relapse  unless  the  flap  is  so 
plamied  as  to  guard  against  this  result.  It  is  therefore  essential  that  tension 
must  never  be  so  great  as  to  perpetuate  a  deformity. 

The  Indian  operations,  in  which  flaps  are  connected  with  their  bases  by  a 
relatively  small  pedicle,  usually  so  change  the  direction  of  the  flap  that  any 
tension  is  entirely  transferred  away  from  the  original  to  the  secondary  gap.  The 
flaps  are,  moreover,  usually  jumped  across  areas  of  undisturbed  skin,  so  that 
the  tendency  to  retract  is  lessened. 

The  various  tj'pcs  of  the  French  and  Indian  methods  of  flap  formation  should 
be  thoroughly  understood.* 

Small  triangular  gaps  may  be  closed  by  direct  suture  of  the  sides,  the  work 
beginning  at  each  angle  and  terminating  toward  the  centre.  (Fig.  389.)  A 
larger  triangular  gap  may  be  remedied  by  freeing  one  or  both  of  the  longest  sides. 

*In  many  illustrations  in  this  article  letter?  are  used.  The  intention  is  to  make  more  plain 
the  manner  in  which  flaps  are  transferred.  Corresponding  points  on  different  sides  are  often 
given  corresponding  letters  {e.g.,  A  and  A')  if  these  points  are  later  to  be  united.  The  tip  of 
a  flap  may  be  given  a  capital  letter,  and  the  imtouched  area  adjoining  the  point  from  which  it 
was  taken  may  be  given  the  same  small  letter  {e.g.,  A,  A' ,  a,  a')  if  both  sides  of  the  body  are  in- 
volved. 
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This  should  be  done  by  an  incision  extending,  in  one  or  both  directions,  the  line 
of  the  base  of  the  triangle,  and  undermining  the  flap  or  flaps  thus  marked  out. 
(Fig.  390.)  The  objection  to  this  procedure  is  that  the  tension  at  one  side  of  the 
base  of  the  triangle  is  apt  to  be  greater  than  at  the  other,  thus  puckering  the 
skin  at  one  or  both  sides  of  the  gap.     To  obviate  this  difficulty,  Burow  sug- 
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Fig.  390. 

gested  the  excision  of  two  smaller  triangular  areas,  each  one-fourth  the  size  of 
the  original  gap,  on  the  opposite  sides  of,  and  just  beyond,  the  base  of  the 
original  defect.  (Fig.  391.)  This  method  equahzes  tension  by  removing  re- 
dundant skin,  but  the  objection  to  it  is  that  sound  skin  is  sacrificed  and  addi- 
tional lines  of  scar  are  created.  It  should  be  remembered,  however,  that  in 
time  redundant  tissues  always  tend  to  flatten  and  contract,  and  that  this  tendency 
therefore  aids  in  lessening  deformity.  Instead  of  carrying  the  incisions  in  oppo- 
site directions  along  the  line  of  the  base  of  the  triangle,  it  is  usually  preferable  to 
curve  them  slightly  toward  the  sides  of  the  gap.      (Fig.  392.)     In  this  manner 


HM- 


DJf+^F 


Fig.  391. — Burow's  Method  of  Closing  a  Triangular  Gap  (A)  by  Excising  the  Smaller  Triangular 
Areas  (jS  and  C)  and  Mobihzing  and  Uniting  the  Flaps  (D  and  E).  The  secondary  flaps  (F  and  G) 
must  also  be  mobilized  and  drawn  inward. 


not  only  may  the  lines  of  the  features  be  followed  and  scars  thus  be  hidden, 
but  important  structures  can  readily  be  avoided  and,  more  significant  still,  the 
distribution  of  tension  is  made  more  even  and  the  tendency  to  redundancy  is 
lessened. 

DiefTenbach  closed  one  triangular  gap  by  the  creation  of  another  of  equal  ex- 
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tent  in  ;i  (IHrercut  locution.  The  .slioii  ^idc  of  the  trianj^lc  is  directly  extended 
by  an  incision  as  far  as  may  be  desired.  Then  the  incision  is  turned  sharply 
downward  in  a  direction  i)arallel  with  the  nearest  side  of  the  trianj^le  until  three 
sides  of  a  parallelogram  are  formed.     The  Ha})  thus  marked  out  is  freed  by 


Fio.  392. — .Taesche's  Method  of  Cur\-ing  tlie  Incisions  wliich  Free  tlie  Flaps,  in  Order  to  Equal- 
ize Tension. 

dissection  antl  is  slid  into  the  original  gap,  leaving  one  of  a  secondary  kind. 
(Fig.  393.) 

By  curving  the  upper  line  of  incision,  as  in  the  Jaesche  operation  (Fig.  392), 
the  secondary  gap  may  be  made  smaller. 

A  quadrilateral  gap  may  be  closed  by  extending  either  or  both  of  two  oppo- 
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Fig.  393. — Method  of  Closing  the  Gap  E  by  Creating  the  Gap  P  in  a  Less  Important  Place. 

site  sides  by  incisions  carried  in  one  or  both  directions.     The  flaps  thus  marked 
out  and  freed  may  be  brought  together  and  sutured.     (Fig.  394.) 

Letenneur's  operation,  although  seldom  employed  for  the  purpose,  is  used  for 
closing  a  quadrilateral  defect.    A  flap  from  one  side  is  turned  in  so  as  to  fill  the 
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Fig.  394.— The  Incisions  vl  E  and  CO,  and  BF  and  D  H  are  Made.  The  Flaps  EACG 
and  F  B  D  H  (shown  in  a)  are  Undermined  in  Order  to  Bring  Together  the  Sides  A  C  and  B  D 
{see  h). 
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gap.     The  pedicle  of  the  flap  is  curved  toward  the  gap.   The  diagram  (Fig.  395) 
explains  the  operation  sufficiently. 

vou  Brims'  operation  involves  an  important  step,  which  has  not  yet  been  men- 
tioned, viz.,  the  jumping  of  a  pedunculated  flap  across  an  area  of  sound  skin, 
and  the  permanent  fixing  of  it  in  a  different  direction  from  that  which  it  originally 
had.  For  example,  in  order  to  close  a  quadrilateral  gap,  the  following  steps 
should  be  taken:   at  each  end  of  the  gap  there  is  formed  a  quadrangular  flap. 


Fig.  395. — Letenneur's  Operation.     The  flap  B  A' C B  is  swung  on  the  pedicle  BE.     The  side 
B  A'  is  to  equal  the  side  -4  B.     The  incision  A'  C  is  to  equal  the  length  of  the  gap  A  C. 

the  pedicle  of  which  lies  immediately  contiguous  to  the  gap,  while  the  free  end 
of  the  flap  extends  into  the  tissues  beyond  the  defect.  The  two  flaps  are  raised, 
jumped  into  the  gap,  and  united  in  the  middle.  (Fig.  396.)  The  operation 
may,  if  desired,  be  modified  by  making  the  free  ends  of  the  flaps  taper  to  a 
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Fig.  396. — von  Bruns'  Operation.    The  two  diagrams  show  how  the  two  flaps,  united  end  to  end, 

fill  the  defect. 


Ijoint,  and  uniting  them  one  above  the  other,  instead  of  end  to  end.  In  this 
manner  the  secondary  gaps  may  be  closed  more  readily. 

The  method  of  drawing  two  wedge-shaped  flaps  past  each  other  is  often 
useful,  especially  in  closing  elliptical  gaps.     (Fig.  397.) 

An  elliptical  gap  may  be  closed  also  by  forming  two  flaps  at  one  side  and 
drawing  them  into  the  defect,  leaving  a  weilge-shaped  area  of  skin  undisturbed 
between  them.     (Fig.  398.) 
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Fig.  397. — Weber's  Operation. 
The  elliptioal  gap  AB  is  filled  by 
making  two  wedge-.shaped  flaps 
ACD  and  CEF.  The  point  C  is 
brought  into  the  angle  B.  The  point 
E  is  then  brought  into  the  angle 
freshly  niafle  at  D. 


The  Italian  inctliod  of  transferriug  Haps  from  distant  parts  of  tlie  bcxly 
will  l)e  de.sc'ribed  in  detail  when  we  come  to  consider  the  operations  where  it 
])roves  most  useful.  The  method  of  doiil)le  transfer  suggested  by  Shrady 
should  also  be  mentioned.     This  method  is  described  by  Sir  William  MacCor- 

mac,  in  his  address  on  plastic  surgery  (Birming- 
huni  Medical  Revieiv,  \o\.  XR'.,  July-December, 
n^^^^^^^^^^^^  188S,  !>.  241  et  seq.),  in  the  following  words: 

"In  order  to  fill  a  mo.st  unsightly  gap  in  a  girl's 
cheek,  Dr.  George  F.  Shrady,  of  New  York,  lately 
told  me  of  a  case  in  which  he  had  practised  the 
following  very  ingenious  and,  so  far  as  I  know,  quite 
novel  and  original  method  of  what  may  be  called 
the  mediate  t  ransrerrence  of  a  flap  of  skin  from  the 
arm  to  the  cheek,  b;^  using  a  finger  as  a  medium  to 
transport  the  flap  fi'om  one  position  to  the  other. 
I  am  indebted  to  Dr.  Shrady 's  courtesy  for  these  de- 
tails, as  the  case  is  as  yet  unpublished: 

"  The  arms  are  folded  in  front  in  such  a  manner 
as  will  allow  the  hand  to  rest  easily  with  its  palmar 
aspect  against  the  lower  portion  of  the  opposite  arm 
above  the  elbow;  the  other  hand  adapts  itself  in  an  easy  position  beneath  the  oppo- 
site elbow.  This  position  is  a  comfortable  and  natural  one,  and  can  be  well  borne  for 
a  considerable  time,  when  the  limbs  are  subsequently  bound  together  by  plaster-of- 
Paris  bandages.  The  bearings  having  been  noted,  a  suital^ly  sized  flap  is  dissected 
from  the  outer  aspect  of  the  arm,  above  the  margin  of  the  outspread  forefinger,  the 
base  of  the  flap  downward  and  the  tongue  up,  or  if  found  more  convenient  this  may  be 
reversed.  The  skin  of  the  radial  margin  of  the  fore- 
finger is  then  split  for  a  sufficient  length  to  fit  the 
margin  of  the  flap,  and  the  latter,  when  the  hand 
is  in  position,  is  stitched  carefully  to  the  split  in  the 
finger.  This  necessitates  the  curling  downward  of 
the  flap  so  that  its  raw  surface  presents  outward. 
'My  purpose,'  Dr.  Shrady  writes,  'in  curling  the 
flap  was  to  have  the  skin  surface  form  the  lining  of 
the  cheek.  The  presenting  raw  surface  on  the  cheek 
was  afterward  covered  by  sliding  skin  flaps  from  the 
neighboring  parts.  In  other  cases  it  will  be  more 
convenient  to  have  the  cutaneous  surface  presenting 
externally,  and  this  may  be  effected  by  dividing  the 
flap  at  its  inferior  extremity.  The  flap  grew  nicely 
to  the  cheek,  and  when  separated  from  the  finger 
maintained  its  vitality.      It  was  allowed  to  grow, 

with  its  upper  portion  only  attached  for  some  time,  and  then  the  sides  and  lower 
portions  (previously  free)  were  stitched  into  position.  As  a  result  of  a  subsequent 
operation  for  covering  the  granulating  surface,  the  lower  portion  of  the  original  skin 
flap  sloughed,  but  enough  remained  to  make  a  very  presentable  and  useful  cheek.' 
Dr.  Shrady  thinks  the  result  proves  that  the  principle  is  a  good  one.     It  is  easy  of 


Fig.  398.— The  Elliptical  Gap  AB 
is  Closed  by  Sliding  the  Flaps  as 
Indicated.  It  is  essential  that  the 
point  G  be  left  undisturbed.  The 
borders  CD  and  BF  are  drawn  by  the 
point  G  and  gain  supj:)ort  from  it. 
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application,  comfortable  for  the  patient,  and  establishes  the  fact  that  the  hand 
can  be  used  as  a  means  of  intermediate  transplantation  to  almost  any  part  of  the 
body  within  reach." 

In  ISSO  John  Croft  applied,  to  the  correction  of  cicatricial  contraction  after 
severe  burns,  a  method  of  flap  transfer  which  had  previously  been  used  in  treat- 
ing exstrophy  of  the  bladder.*  According  to  his  plan  the  first  operation  should 
consist  of  the  following  steps:  A  bridge  of  sound  skin  and  subcutaneous  tissue 
is  raised  from  the  immediate  neighborhood  of  the  deformity.  For  example, 
when  the  cicatrix  which  it  is  intended  to  supplant  is  located  in  the  neck  or  at  the 
elliow,  the  skin,  which  is  to  form  the  bridge,  is  taken  from  the  back  of  the  neck, 
from  the  shoulder  or  from  the  arm,  at  one  side  of  the  defect.  The  bridge  is  cut  as 
long  as  practicable  and  as  thick  as  possible,  especially  in  its  central  part.  The 
length  of  the  bridge  cannot  safely  be  more  than  tliree  times  the  width.  The 
ends  are  left  attached,  the  sides  of  the  wound  l)eing  approximated  by  sutures 
passed  undciiieath  the  bridge.  Oiled  silk  protective  is  inserted  between  the 
raised  skin  and  the  triangtdar  raw  surfaces  luiderneath  the  ends  of  the  bridge,  to 
prevent  union  between  the  ends  of  the  flaps  and  the  underlying  tissues,  for  such 
union  would  shorten  the  length  of  the  span. 

It  is  important  to  keep  the  parts  immovable,  for  the  nutrition  of  the  bridge 
may  be  dangerously  interfered  with  through  displacement  of  the  dressing.  After 
an  interval  of  two  to  three  weeks  the  next  step  in  the  operation  is  undertaken. 
The  bed  into  which  the  flap  is  to  be  transferred  is  prepared  by  cutting  through 
the  cicatrix  tlo\\n  to  normal  underlying  tissues,  thus  providing  a  suitable  site 
for  the  flap.  It  is  essential  that  this  be  done  thoroughly.  Then  one  end  of 
the  britlge  is  severed.  The  length  of  the  flap  should  necessarily  conform  to 
the  length  of  the  gap  to  be  filled,  and  a  careful  estimate  (with  allowance  for 
shrinkage)  should  be  made.  It  is  less  important  that  the  breadth  should  cor- 
respond exactly.  The  edges  of  the  granulating  under  surface  at  the  free  end  are 
to  be  i^ared  and  freshened  so  that  they  will  present  raw  surfaces  for  primary 
union  with  the  severed  end  of  the  flap. 

At  first  the  transplanted  flap  is  apt  to  look  very  ungainly,  unsightly,  and 
unpromising.  Diu-ing  the  interval  between  the  first  and  second  operations, 
however,  it  becomes  narrowed  and  shortened  as  well  as  thicker  from  the  amount 
of  gi-anulation  tissue  which  has  developed  at  the  same  time.  Eventually,  how- 
ever, the  sausage-like  flap  flattens  down  and  spreads  out  until  finally  it  may 
become  wiiler  than  it  was  originally  cut. 

The  advantages  claimed  for  this  plan  of  operating  are  tliat  the  risks  of  slough- 
ing are  greatly  diminished,  and  that,  instead  of  being  transplanted  when  recently 
draineil  of  blootl  and  reduced  in  temperature,  the  flap  is  moved  when  abundantly 
vascular  and  warm.  These  advantages,  which  enable  the  operator  to  proceed 
with  confidence  and  deliberation,  are  to  be  set  against  the  longer  time  during 

*Me(lico-chirurgical  Transactions,  vol.  Lxxii.,  1889,  p.  349. 
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which  the  patient  remains  under  treatment.  The  practice  is  certainly  superior 
to  that  of  ti'ansplanting  flajis  from  a  distant  part  of  the  body  and  is  of  use  in 
those  cases  in  whicli  sufficient  skin  from  distant  parts  is  not  available. 

Skin  Grafting. — There  are  three  methods  of  skin  grafting  in  common  use, 
antl  they  are  known  respectively  as  the  Reverdin,  the  Wolfe-Krause,  and  the 
Thiersch  methods. 

A.  The  Reverdin  Method. — Reverdin,  in  lS(i9,  was  the  first  to  describe 
this  form  of  skin  grafts,  although  substantially  his  method  had  been  used  pre- 
viously in  India.  Reverdin's  procedure  consists  in  snipping  off  with  a  knife  or 
a  pair  of  sharp  scissors  numerous  small  bits  of  skin  not  over  4  or  5  mm. 
in  diameter,  and  planting  them,  deeply  or  superficially,  with  the  cutaneous  side 
up,  in  the  granulating  surface.  This  method,  when  the  grafts  are  healthy,  gives 
numerous  small  cutaneous  islands  from  which  new  epidermis  will  spread,  and 
at  the  same  time  it  will  be  found  that  the  border  of  the  ulcer  resjionds  in  a 
similar  manner.  Under  certain  circumstances  the  method  is  of  great  value. 
It  is  especially  applicable  in  those  cases  in  which  the  general  condition  of  the 
patient  is  such  as  to  prohibit  other  more  extensive  methods  of  grafting,  or  in 
those  cases  in  which  the  area  to  be  closed  is  so  small  that  it  seems  imnecessary 
to  subject  the  patient  to  other  methods  of  grafting.  It  may  be  also  employed 
when  other  methods,  for  various  reasons,  are  not  available.  Anaesthesia  is  not 
reciuired  for  Reverdin  grafting.  No  special  preparation  of  the  surface  on  which 
they  are  to  be  placed  is  needed,  except  to  make  it  as  clean  and  aseptic  as  possible 
without  causing  irritation. 

B.  The  Thiersch  Method. — Thiersch  grafting  is  by  far  the  most  generally 
employed  method.  The  grafts  are  enormous  as  compared  with  those  just 
described.  Thiersch  grafting  usually  requires  the  use  of  an  anesthetic.  General 
angesthesia  is  more  satisfactory  than  local,  because,  if  the  latter  is  not  complete, 
the  pain  is  apt  to  be  exquisite. 

Preparation  of  the  Field. — Thiersch  grafts  are  applied  to  a  raw  surface — 
either  immediately  to  a  freshly  cut  surface  or  to  a  granulating  area.  In  cases, 
however,  in  which  they  are  to  be  applied  to  a  granulating  area,  it  is  advisable 
to  scrape  off  with  a  curette,  or  rub  oii  with  a  piece  of  gauze,  all  the  soft 
granulations,  thus  exposing  the  firm  base  of  the  ulcer  on  which  the  grafts 
are  to  be  placed.  As  soon  as  the  granulation  tissue  has  been  removed,  the 
bleeding  is  to  be  stopped  by  pressure  with  hot  wet  gauze.  The  surfaces  are 
then  to  be  thorovighly  washed  with  salt  solution.  Oozing  will  be  found  to 
have  ceased  entirely  by  the  time  the  grafts  are  ready  to  be  applied.  The 
removal  of  the  granulations  helps  to  insure  success,  largely  through  the 
mechanical  cleaning  of  the  field. 

Cutting  the  Grafts  and  the  Proper  Mode  of  Applying  Them. — The  grafts  are 
taken  from  sound  skin  belonging  to  any  part  of  the  body,  by  preference  from 
the  thick  skin  of  the  anterior  and  outer  aspects  of  the  thigh.     The  skin  should  be 
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rendered  as  aseptic  as  possible,  but  no  antiseptic  shoukl  be  used  at  tlie  time  of  the 

operation,  and  care  should  be  taken  to  wash  off  any  irritating  antiseptic  which 

may  have  been  used  before  the  coniniencement  of  the  operation.     The  skin  from 

which  the  graft  is  taken  must  be  put  on  the  stretch  and  held  as  flat  as  possible. 

For  this  purpose  McBurncy  has  devised  hooks  (Fig.  399),  which  are  useful  for 

holding    the    skin,    but     are    not   absolutely 

essential,    since    the   skin    can    be  stretched 

satisfactorily   by  the  hands  of    the  assistant 

and    the   operator   when    placed   flat  on  the 

limb,  or,  better,  by  two  pieces  of  thin  splint 

board  held  against  the    skin  at  either  side. 

The    superficial    epidermis    is    removed   over 

as  large  an  area  as  is  required.     The  cutting 

of  the  grafts  is  best  done  with  a  very  sharp  i7     ono     »r  d         .    ^    i 

°  ■'  f  I-IG.  399. — McBurney  s    Hooks  are 

long-bladed    knife     held     loosely     like    a    fiddle  like    Rakes  with   sharp   Teeth  which 

1  11  -nil  1      f      ii  r>i£r  into  the  Skin  and  Hold  it  Tense. 

bow,    and    drawn    rapidlv    back     and    forth       , ,?,     „    ,     , 

'  '         -  (After  Fowler.) 

across  the  surface   from  which   the  graft   is 

being  taken.  An  ordinary  thigh-amputating  knife  is  very  satisfactory  for 
the  purpose.  A  razor  will  answer  less  satisfactorily  because  of  the  short- 
ness of  the  blade.  A  microtome  knife,  though  heavy,  will  answer  the  pur- 
pose when  others  are  not  available.  Knives  specially  made  for  the  purpose 
may  be  secured  of  instrument  merchants.  The  removal  of  the  graft  is  greatly 
facilitated  if  the  knife  and  the  surface  of  the  skin  are  kept  constantly  moist 
with  a  fine  stream  of  warm  salt  solution  during  the  cutting  process.  As  soon 
as  the  gi-afts  are  removed,  they  should  be  immersed  in  sterile  salt  solution 
until  a  sufficient  number  have  been  obtained  to  cover  completely  the  raw 
area,  and  then  they  should  be  applied  by  spreading  the  grafts,  while  still 
in  the  salt  solution,  on  a  small  piece  of  rubber  protective  tissue.  The  raw 
surface  should  not,  of  course,  be  in  contact  with  the  rubber.  If  the  rubber  is 
then  lifted  from  the  salt  solution,  the  graft  will  adhere  to  it,  and  may  then  be 
transferred  directly  to  the  denuded  area  by  beginning  at  the  edge  and  pressing 
the  rubber  tissue  firmly  down  against  the  denuded  area,  so  as  to  remove  the  air 
bubbles  from  under  the  graft.  This  step  is  of  great  importance.  The  rubber 
tissue  may  then  be  carefully  rolled  back,  leaving  the  graft  in  position.  Other 
portions  of  cuticle  are  to  be  applietl  in  a  similar  manner  until  the  whole  area  is 
covered.  No  raw  areas  arc  to  be  left  uncovered  at  the  edges  or  between  the 
grafts.  It  is  better  to  have  two  grafts  overlap  a  little  than  to  have  an  interval 
left  between  them.  It  is  of  the  utmost  importance  in  handUng  the  grafts  that 
no  mechanical  injury  be  done  to  them.  They  should  never  be  picked  up  with 
forceps,  but  may  be  lifted  with  a  probe  or  director.  They  should  be  pressed  in 
place  firmly  with  a  probe.  If  all  air  is  pressed  out  from  under  a  graft,  it  promptly 
takes  on  a  pale  bluish  color,  unless  it  be  unduly  thick.     Bleeding  below  a  graft 
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inevitubly  prevents  it  from  adhering  at  the  sit(!  of  extravasation.     It  is  often 
easy  to  transfer  the  graft  directly  on  tiie  Icnife  to  the  uleer. 

Dressings. — Various  methods  of  dressing  have  been  devised.     Some  saturate 
gauze  in  normal  salt  solution  and  press  it  down  fii'inly  upon  the  gi'afts,  this  pri- 
mary dressing  being  left  in  jilace  for  about  ten  days.     Others  put  a  thin  rubber 
tissue  between  the  gauze  and  the  grafts.     If  this  is  done,  small  holes  must  be 
,        cut  in  the  rubber  tissue  at  intervals  of  at  most  half  an 
\y  V  inch,  in  order  to  give  free  vent  to  any  discharge;  other- 

■.    ,     V     -,  /    ^        wise  the  grafts  may  be  macerated  by  the  discharge  that 
V         ,    V       accumulates  in  the  wound.     The  rubber  tissue  is  similar 
^     w  xy       to  that  used  by  tailors.     As  it  softens  with  heat  it  must 

V        .     V     ■./      be  sterilized  chemically,  but  all  antiseptics  must  be  washed 
Fig  400  —Rows  of  V-      ^^  before  it  is  applied.     By  folding  the  tissue  and  cutting 
Shaped  Slits  Cut  in  tiic>      rows  of  slits  with  the  points  of  scissors  (Fig.  400)  ample 

Protective  Tissue  toAl- 

low  Escape  of  any  Ex-      drainage  may  be  provided.     Either  of  these  methods  is 
iidatc  from  the  Surface      perfectly  satsifactory.     Where  the  rubber  tissue  is  used, 

of  tlic  Raw  Area.  t       r  i  ■  i-      i 

the  first  dressmg  may  be  done  a  little  sooner  than  other- 
wise, but  it  is  always  advisable  to  wait  eight  or  ten  days  before  undertaking 
the  first  dressing.  Another  satisfactory  dressing  is  to  cover  the  grafts  com- 
pletely with  several  layers  of  tinfoil,  and  then  to  put  gauze  outside.  The 
gauze,  which  is  placed  outside  the  tinfoil  or  rubber  tissue,  may  be  either  kept 
dry  or  be  wet  with  the  salt  solution.  Most  surgeons  prefer  to  have  the  gauze 
moist,  in  order  to  prevent  drying  and  crusting  of  the  secretions. 

Whatever  the  ch'essing  may  be,  nothing  is  to  be  gained  by  early  examination 
of  the  field  unless  there  are  obvious  reasons  for  doing  it.  Some  surgeons  advo- 
cate the  practice  of  not  placing  the  dressing  directly  on  the  grafts  themselves. 
They  protect  the  region  mechanically  b}'  some  form  of  cage,  but  otherwise 
admit  the  air  freely.  The  choice,  in  i^ractice,  must  depend  on  the  individual 
preference  of  the  surgeon. 

The  area  from  which  the  grafts  have  been  taken  is  to  be  dressed  with  lioric- 
acid  ointment  or  in  any  other  proper  manner.  It  will  heal  promptly,  leaving 
but  trifling  scars,  unless  by  chance  the  knife  has  passed  too  deeply  into  the 
skin.  In  that  case  a  permanent  cicatrix  is  left,  Ijut  otherwise  the  only  sign  will 
be  a  slight  change  in  the  color  of  the  skin. 

C.  The  Wolfe-Krause  Method. — J.  R.  Wolfe  (British  Medical  Journal, 
September  IS,  1875,  Vol.  II.,  p.  360)  first  described  a  method  of  skin  grafting 
which  has  since  borne  his  name.  His  plan  is  to  excise  and  transplant  at  one 
operation  a  piece  including  the  whole  thickness  of  the  skin.  Previously, 
transplanted  skin  had  always  remained  attached  by  a  pedicle  for  some  days,  in 
order  that  its  nutrition  might  be  assured  until  it  had  formed  sufficient  new 
connections  to  establish  its  life.  Wolfe  maintained  that  the  pedicle  was  un- 
necessary and  that  it  served  seriously  to  limit  all  efforts  at  reparative  surgery. 
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The  pedicle  once  eliminated,  the  surgeon  was  left  free  to  choose  the  region  from 
which  to  remove  the  flap  or  graft. 

Just  as  in  the  Thiersch  grafts,  asepsis  rather  than  antisepsis  should  be  the  aim, 
and  under  no  circumstances  should  irritant  antiseptics  be  used  during  the  opera- 
tion. The  graft  may  be  taken  from  any  jiart  of  the  body.  Sometimes  the  pre- 
puce may  be  utilized.  Allowance  of  about  a  third  must  be  made  for  contrac- 
tion of  the  graft  after  its  removal  and  before  a])plication.  It  is  important  that 
the  skin  shoidd  not  be  bruised  and  should  be  handled  as  little  as  possible.  Tri- 
fling injury  to  the  skin  is  very  likely  to  lead  to  necrosis.  It  is  essential  to  success 
that  all  the  areolar  tissue  should  be  removed  from  the  under  surface  of  the 
graft.  Tlic  area  into  which  the  graft  is  placed  should  be  clean,  free  from  bleed- 
ing or  oozing,  and  should  be  bounded  by  freshly  cut  edges  of  healthy  skin.  The 
base  must  be  free  from  scar  tissue.  The  graft  should  be  fitted  accurately  into 
its  bed,  and  should  be  firmh-  fixed  in  place.  It  is  usually  wise  to  fasten  the  graft 
to  the  edges  of  the  gap  by  means  of  a  few  very  fine  stitches.  The  use  of  sutures 
must  depend  greatly  on  the  liability  of  the  flap  to  become  displaced.  Sutures 
are  usually  necessary  to  hold  a  flap  to  the  eyelid  or  to  a  portion  of  a  finger; 
they  may  be  dispensed  with,  howe\'er,  in  the  case  of  larger  flaps  which  are 
placed  on  a  flat  surface  antl  are  not  liable  to  movement.  It  is  important  not  to 
apply  a  ligature  to  any  point  which  subsecjuently  is  to  be  covered  by  a  graft. 

The  tlressing  of  the  grafts  is  important.  Ventilated  rubber  protective  tissue 
should  be  applied,  as  it  prevents  displacement  of  the  skin  through  adhesion  to  the 
outer  dressings  and  also  prevents  maceration  by  permitting  the  escape  of  fluids. 
Absolute  inmiobilization  of  the  part  is  essential,  and  the  dressing  should  not  be 
disturbed  for  at  least  two  weeks  without  special  reason.  Where  the  gauze  is 
placed  directly  against  the  skin,  it  is  wise,  if  possible,  to  leave  the  original  dress- 
ing undisturbed  for  even  a  longer  period  than  three  weeks.  The  graft  should 
be  kept  firnily  and  evenly  pressed  against  its  bed. 

Krause,  in  1893,  reported  cases  in  which  he  had  employed  the  same  method, 
but  in  which  he  had  transferred  much  larger  grafts  than  did  Wolfe;  he  advo- 
cated their  use  in  a  greater  variety  of  cases.  As  &'ause  said  in  1895,  however, 
the  method  is  to  be  used  only  when  the  Thiersch  method  is  inapplicable. 

The  method  is  particularly  useful  in  plastic  work  upon  the  fingers  or  hands, 
where  the  liability  to  cicatricial  contraction  is  great,  probably  owing  to  the  irri- 
tation of  the  exposed  scar  tissue  caused  by  constantly  repeated  trifling  trauma. 
Obviously,  protection  of  the  scar  tissue  by  the  entire  thickness  of  the  skin 
rather  than  by  a  thin  layer  of  epithelium  is  a  great  gain. 

There  are  certain  disadvantages  connected  with  the  Wolfc-Krause  grafting 
method.  In  the  hands  of  most  operators  the  likelihood  of  failure  has  been  much 
greater  than  when  the  Thiersch  grafts  are  employed.  'When  the  grafts  are  small 
and  the  surfaces  clean,  the  chance  of  securing  union  is  good.  When  ulceration 
is  present,  or  the  nr.trition  of  the  parts  is  impaired,  the  chance  of  success   is 
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poor.  But,  as  witli  many  .special  procedures,  the  pensoiial  surgical  factor  is 
very  .strong.  'J'lic  minute  care  and  patience  of  some  operators  will  lead  to  suc- 
cess in  almost  all  cases.  ^ 

The  use,  by  Lusk,  of  the  raised  cuticle  of  a  blister,  and  also  of  the  same  when 
dried  and  pulverized  under  antiseptic  means  and  sown  on  the  raw  surface,  should 
be  mentioned  as  being  more  ingenious  than  practicable.  Also  thus  may  be 
mentioned  the  skin  taken  from  the  frog,  the  membrane  inside  the  .shell  of  an 
egg,  etc. 

Among  grafts  should  be  mentioned  the  complete  and  immediate  transfer, 
for  plastic  purposes,  of  other  tissues  together  with  the  skin.  There  are  numer- 
ous recorded  instances  in  which  completely  severed  parts  of  the  body  have  been 
successfully  replaced.  Fingers,  toes,  and  noses  have  been  thus  restored,  and 
such  restoration  shoukl  always  be  attempted  where  possible.  In  such  attempts 
there  is  everything  to  gain  and  but  little  to  lose.  Of  late,  also,  considerable 
experimental  work  has  been  done  in  the  transfer  of  severed  members,  but  so  far 
the  results  have  not  been  of  practical  ^•alue.  Apparently,  in  the  larger  grafts 
of  this  sort  success  dejjends  on  the  restoration  of  continuity  of  the  arteries  and 
veins. 

Koenig,  in  1902  {Berliner  klin.  Wochenschrift,  XXXIX.,  1,  37),  excised  and 
transplanted  a  small  portion  of  the  ear  into  the  ala  of  the  nose,  holding  the  graft 
in  place  with  stitches.  Only  a  very  small  portion  necrosed;  the  remainder 
lived  and  gave  a  satisfactory  I'esult.  Cartilage,  which  formed  a  part  of  this 
graft,  is  fi'ee  from  blood-vessels,  and  yet  it  appears  to  have  lived.  Perhaps  the 
freedom  from  blood-vessels  rendei's  this  tissue  less  likely  to  necrose  than  vascu- 
lar tissue.  However  this  may  be,  the  success  of  Koenig  is  so  encouraging  as  to 
suggest  the  possibility  of  grafting  other  tissues  along  with  skin.  It  has  been 
found  by  histological  study  that  grafts  at  first  are  nourished  entirely  by  trans- 
udation, but  that  at  the  end  of  about  four  days  there  develop  minute  capillary 
vessels  through  which  increased  vigor  and  finally  active  growth  are  imparted. 

The  Reverdin  grafts  hasten  the  covering  in  of  scar  tissue  by  giving  new 
points  from  which  epithelium  may  spread;  they  also  stimulate  the  vital  activity 
of  contiguous  borders. 

The  Thiersch  grafts  cover  in  the  area  at  once  with  epithelium,  but  the  epi- 
thelium is  still  always  closely  adherent  to  the  scar  tissue  and  will  contract  if 
the  underlying  tissues  contract. 

The  Wolfe  graft,  including  the  whole  thickness  of  the  skin,  maintains  its 
former  characteristics.  Haii'  continues  to  grow  where  it  grew  before.  Sensa- 
tion is  restored  promptly  in  the  new  position.  The  flap  becomes  movable  on 
the  underlying  tissues,  except  at  the  edges  where  there  is  true  scar  tissue.  There 
is  also  a  layer  of  true  scar  tissue  at  the  base  of  the  flap,  but  this  is  usually  so  thin 
as  not  to  cause  any  contraction  or  lack  of  mobility  of  the  flap.* 

*Noesske:   Deutsche  Zeitschr.  f.  Chir.,  July,  1906,  p.  213. 
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PROSTHESIS. 


In  many  varieties  of  pla.'^tie  worii  it  is  necessary  that  some  inorganic  material 
be  introduced  to  fill  a  defect  or  to  give  support  to  parts  whicli  are  defective. 
The  material  used  may  be  I'emovable  or  it  may  remain  I)uried  in  the  tissues. 

False  teeth  and  glass  eyes  and  artificial  limbs  are  of  course  prosthetic  ap- 
pliances. But  the  forms  of  removalile  api)aratus  which  fill  defects,  and  with 
which  the  surgeon  interested  in  plastic  work  has  to  deal,  are  those  tlesigned  for 
filling  a  cleft  in  the  palate,  for  taking  the  place  of  a  missing  nose  or  ear,  or  for 
correcting  a  deformity  in  some  otb.er  part  of  the  body.  Removalile  aj^pliances 
intended  to  support  a  depressed  nose  are  examples  of  another  form  of  prosthetic 
apparatus:  and  the  introduction,  among  the  tissues,  of  a  permanent  support 
furnishes  still  another  example  of  the  utilization  of  prosthetic  a])i)aratus. 

Gersuny,  of  ^'ielma,  introduced  in  1899  a  new  metiiod  of  pi'osthesis.  He 
injected  vaseline,  \\hich  melted  at  a  temperature  a  little  higher  than  that  of  the 
body.  At  about  tiie  same  time  Delanger  tried  the  injection  of  spermaceti  in 
plastic  operations.  .Many  others  at  once  took  up  the  method  and  applied  it  in 
innumerable  ways.  The  correcting  of  the  deformity  known  as  "saddle  nose" 
furnished,  howe\'er,  the  widest  field  for  the  application  of  the  methotl.  Per- 
haps the  value  of  the  m.jthotl,  as  well  as  its  dangers  and  limitations,  may  be 
best  stated  by  a  brief  review  of  the  history  of  such  injections.  AMiile  vaseline 
was  the  first  substance  used,  it  soon  became  apparent  that  owing  to  its  low  melt- 
ing-point, varying  from  33°  to  39°  C.  (91.4°  to  102.2°  F.),  it  ditl  not  become 
firm  enough  for  many  purposes.  Slow  absorption  of  the  injected  mass  often 
took  place.  The  mass  also  often  became  widely  diiTuscd,  and  in  some  cases 
emboli  entered  the  circulation. 

In  order  to  secure  a  harder  material,  mixtures  of  vaseline  and  paraffin  were 
tried,  by  Lermoyez  among  others.  This  mixture  has  a  melting-point  between 
42°  and  46°  C.  (107.6°  and  114.8°  F.).  Eckstein,  in  1901,  sidjstituted  pure 
parafifin,  with  a  melting-jxiint of  about  60°C.  (140°  F.),  for  mixed  vaseline  and 
paraflSn.  The  danger  of  diffusion  and  slow  absorption  was  diminished  by  tiie 
rapidity  and  firmness  with  whicli  the  mass  hardened.  The  danger  of  embolism 
remainetl,  though  somewhat  diminished;  and  this  has  been  the  great  objection  to 
all  such  substances.  In  many  instances  of  injection  into  the  nose  there  has  been, 
as  a  result,  embolism  of  the  central  artery  of  the  retina,  causing  an  immediate 
and  irreparable  blindness.  A  more  terrible  outcome  from  a  cosmetic  operation 
can  scarcely  be  conceived  possible.  There  liave  also  been  instances  of  pulmo- 
nary embolism.     In  still  other  cases  thrombo-|>hleiiitis  has  happened. 

With  the  use  of  paraffin  tliat  had  a  relatively  high  melting-point  (about  60° 
C. ;  140°  F.)  a  new  danger  arose.  Burning  of  the  skin  and  burning  of  the  deeper 
tissues  may  occur  at  the  time  of  the  injection  and  lead  to  sloughing  and  deep 

vol..  IV.— 40 


62G  A.MKlilCAX    riiACTlCE   OF   SL'UGEIi^'. 

supiMiration.  Tlic  .s];)Ocial  gravity  of  this  coafiulatioii  lu'cro.sis  and  of  suppura- 
tion aliout  tiic  inicctci!  material  lies  in  the  fact  that  recovery  is  iin])()ssil)l('  until 
tlie  injei'teil  foreign  lioily  is  eiilii'cly  eliiuinateil.  Tlie  i-einoval  of  the  mass  is 
most  (lilHcuh  o\\  inii'  to  I  he  manner  in  w  hicli  it  spreads  throimli  tlie  tissues,  'i'hus, 
not  only  is  the  original  ileformily  not  fm-  long  l)ettei'<'d,  hut  tlie  <ipportuiiity  to 
adopt  other  methods  (jf  ti-eatmeiit  is  curtailed. 

A  clear  knowledge  of  what  iia|ipen>  when  tlie  mateiial  is  injected  gixcs  one 
an  understanding  of  the  I'isks  and  the  means  of  minimizing  tliem.  As  the  mass 
is  squeezed  from  the  syringe  it  follows  the  anatomical  lines  of  least  resistance. 
Therefore  it  is  of  the  utmost  imjiortance  that  the  area  into  which  it  is  intenderl 
to  force  the  injection  should  he  most  sharply  and  hrinly  limiteil  hy  mei-hanical 
pressure.  This  ]jressure  nurst  Ix'  maintained  until  the  mass  has  become  hard; 
the  lower  the  melting-iioint  the  longer  the  mechanical  piessiu'e  is  needed.  The 
ideal  tissues  into  which  to  force  the  injection  are,  of  course,  tlie  loose  subcuta- 
neous fat  with  its  intertwining  bands  of  fibrous  tissue.  The  injection  spi-eads 
irregularly.  Thei'c  are  fibrous  bands  running  about  and  through  the  injection. 
The  material  acts  as  a  foreign  body,  and,  as  in  the  ease  of  any  other  foreign  body, 
it  tends  to  become  encapsulated  by  fibrous  tissue.  Owing  to  the  irregularity  of 
the  injected  material  it  is  ])lain  that  any  fibrous  bands  running  through  the  mass 
may  also  undergo  hypertrophy.  Thus,  as  the  encajjsulation  goes  on,  it  may  be 
associated  with  a  crumbling  and  breaking  up  only  after  a  long  lapse  of  time,  and 
this  is  true  even  of  those  harder  materials  which  lia\-e  a  high  melting-point. 
Such  slow  breaking  up  of  the  mass  has  not  [iroved  uncommon. 

Another  untoward  result  is  the  overgrowth  of  fibrous  tissue  about  the  foreign 
body.  There  may  be  formed  a  kcloid-like  mass  which  is  hard,  reil,  and  dis- 
figuring. It  is  not  improbable  that  an  aseptic  coagulation  necrosis  from  too  hot 
injection  may  add  to  the  irritation  sufficiently  to  favor  this  keloid-like  formation. 

In  regard  to  the  risks  of  phlebitis  and  embolism  it  should  be  stated  that  many 
of  the  reportetl  cases  have  occurred  where  the  injection  has  been  made  beneath 
mucous  nieml)rane.  As  Nelaton  and  Ombredanne  remark,  however,  it  is  a  fact 
that  in  those  cases  in  which  injection  under  the  skin  of  the  nose  results  in  the 
destruction  of  the  cartilage  or  bone,  or  in  which  they  have  been  previously 
destroyed,  the  injection  is  necessarily  submucous  as  well  as  subcutaneous. 

It  is  undoubtedly  true  that  in  many  in.stances  the  results  obtained  have 
been  immediately  and  permanently  satisfactory,  and  yei  with  the  increasing 
lapse  of  time  the  number  of  ultimate  failures  grows  larger. 

If  the  method  is  to  be  tried,  the  ri.sks  already  stated  should  be  clearly  luider- 
stood.  It  should  further  be  remembered  that  the  removal  of  the  injected 
material,  if  it  becomes  necessarj',  is  a  most  difficult  [jrocedure  because  of  the  in- 
terwoven meshes  of  fibrous  tissue. 

Certain  definite  rules  should  always  be  kept  in  mind.  Such,  for  example, 
are  the  following: — 1.  Only  very  small  injections  .should  be  made  at  any  one 
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pitting.  It  is  wise  always  U>  wait  for  a  iiuniljiT  of  days  at  least  until  all  iii- 
Haiuniatory  reaction  is  passed  hcloi'e  another  injection  is  made.  With  these 
precautions  the  injections  may  be  repeated  as  often  as  necessary.  2.  Injec- 
tions arc  ne\-er  to  be  made  near  large  blood-vessels  or  in  particularly  vascular 
regions,  or  imdcr  mucous  membrane.  3.  Comjiression  aliout  the  area  until 
the  matei-ial  has  hardened,  and  absolute  (juiet  in  bed  for  some  hours  after  the 
injection,  are  essential  to  minimize  the  risk  of  embrjlism.  4.  Paraffin  with  a 
melting-point  of  about  o2°  C.  (12."). (>°  F.)  is  to  be  preferred,  as  it  has  been  gener- 
ally found  the  most  satisfactory.  .").  When  the  needle  is  removed,  care  should 
be  taken  lest  any  of  the  material  be  injected  close  to  the  skin  at  the  moment 
when  the  instrument  is  being  withdrawn. 

PLASTIC    SURGERY   AS    APPLIED    To    DIFKEREXT    REGIONS    OF 

THE    BODY. 

Neck,  Trunk,  and  Extremities.— In  correcting  cicatricial  deformities  or 
in  closing  gaps  left  after  operation  in  the  skin  of  the  extreniities,  ti'unk.  or  neck, 
no  general  rules  can  be  laid  down,  unless  it  be  tliat  the  skin  most  a\ailable 


Fig.  401. — Cifatrioial  Contraction    Following  Burn    of    Xeck    and    Chest.      (Original.)      a,  Front 

view ;  b,  jirofile  \'iew. 
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should  1)0  used.  In  tlie  (.'xtreinitios  it  is  most  important,  if  possil)lc',  to  avoid  scars 
on  the  fi(^\()i-  surface  near  a  joint,  owin^-  to  tlic  i-isl<  of  ]K'rmaiu'nt  contractions. 
It  is  well,  in  tilliiif;'  a  gap  left  in  a  iicxurc,  to  swin.i;;  a  Hap  in  in  such  a  manner  that 
its  boi'ders  shall  lie  across,  rather  than  parallel  with,  tiic  Irnjith  of  the  limit.  In 
many  instances  Thiersch  grafting  is  the  best  i^oHcy,  even  though  it  does  not 
entirely  prevent  contraction. 

In  the  upper  extremity  the  transfer  of  abddininal  or  thoracic  Haps  is  of  the 
utmost  value,  esitecially  if  the  avoidance  of  a  .scar  is  important.     (Fig.  406.)   In 


Fig.  402. — Cicatrix  Extending  from  tlie  Moutli    to    the  T'ml^iliciis.     Condition  of   tlie  parts  after  the 
transfer  of  flaps  from  tlie  anterior  surface  of  eacli  arm  to  the  front  of  tlie  neck.      (Original.) 


those  terrible  contractions  of  the  neck  wliich  follow  burns  and  scalds,  the  surgeon 
usually  has  to  utilize  whatever  sound  skin  is  left,  whether  it  be  on  the  che.st, 
back,  or  arms.  (Figs.  401  to  403.)  Under  no  circumstances  should  the  vitality 
of  a  flap  be  jeopa-rdized  by  too  great  a  desire  to  close  the  secondary  gap.  It  is 
wise  to  correct  any  deformities  of  bones  or  muscles  after  the  defects  in  the  skin 
are  corrected.     (Fig.  404.) 

The  Scalp. — In  closing  a  ga[)  left  through  the  loss  of  part  of  the  scalp,  Till- 
manns  has  suggested  turning  into  the  defect  three  or  four  ribbons  of  skin  taken 
from  the  sides.    Theojieration  is  as  if  portions  of  the  rim  of  a  wheel  were  turned 
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in  and  united  at  the  hul>  to  torui  sjiokes.  Thus,  a  large  gap  is  sulxlividcd  into 
several  smaller  ones.  This  gives  additional  edges  from  which  new  epidermis  may 
spread  out  to  cover  in  the  exposed  area.  The  pedicles  of  the  flaps  shoulil  be 
etiuidistant  from  each  other.  The  free  ends  should  be  sutured  together.  (Fig. 
405.)  Among  the  operations  described  for  the  repair  of  the  upper  li])  is  that  of 
Senn,  who  lowered  a  part  of  the  scalp  to  close  an  enormous  defect  in  the  face 
exactly  as  the  visor  of  a  helmet  is  lowered.  In  an  exactly  similar  manner 
portions  of  the  scalp  may  be  transferred   to   fill  defects  in  otlier  parts.     The 


Fig.  403. — Lateral  \'icw  of  SaiiH-  Patient  as  Pri'cedin;;.  Taken  at  Saiiio  Time. 


Ha])S  may  be  left  attached  at  each  end  and  may  be  slid  I'orward,  liackward, 
or  sidewi.sc.  In  this  manner  one  larger  may  be  diviiled  into  several  smallei- 
defects,  thus  giving  additional  borders  from  which  new  epithelium  may  spi-ead 
out.  An  area  of  ex])Osed  bone  may  similai-ly  be  covered  by  a  flap  of  skin  which 
does  not  include  the  underlying  periostemn.  In  this  manner  necrosis  of  bone 
may  often  be  prevented.  In  the  same  way  a  iiriniary  defect  may  !)e  closed  by 
creating  a  secondary  defect  in  a  le.ss  cons])icuous  position.  A  primary  defect 
also  may  be  closed  l:)y  creating  a  secondary  defect  in  a  place  where  it  in  time 
may  1)e  closed  by  turning  in  flaps  from  other  jjarts  in  accordance  with  routine 
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nictliods.      Ill  r\t('lisi\('  Idss  df  siili>1;uicc  of   the  scalp,  iciail'  lias  bcrii  I'lTcrtcd 
by  a  i)ati{.'iit  ami  rciicatccl  aj)]ilii'ali<)iMil' 'riiicrscli  grafts. 

The  Hands.       1  lie  \  aiioiis  {(iniicnilal  inalfin'iiialioiis  nl'  tlic  liaiul  licldiij;  more 
pro])(_'rly  to  tlu'  realm  of  nrtli(i|ic([ic  tiiaii  to  that  of  plastic  sui'iicry.     Hut  there 


Fin.  404. — ricatriii;il  rrmiracticin  ]0>ctenrliiig  from  IIitI  to  liuttocU  Causing  llowiiit;  • 
Femur  as  Well  as  Fk-xion  of  llic  Knee. 


•  !  tlic  Tibia  au.l 


is  no  branch  of  plastic  surgery  which  is  more  important  than  that  which  deals 
with  preserving  and  restoring  the  usefulness  of  the  hand  after  injury.     The 


Fig.  405. — Tillmans'  Method  of  Bridging  Across  a  Defect  m  the  Scali).  From  aromid  the  bonlers 
of  tite  defect  iu  tlie  scalp  (shaded  area)  four  flaps  are  cut.  The  free  ends  (1,  2,  3,  and  4)  all  lie  in 
one  direction.  The  free  end  of  each  fiap  reaches  nearly  to  the  pedicle  of  the  next  flap.  The  dotted 
lines  indicate  tlie  manner  in  which  the  flaps  may  be  turned  into  the  centre  and  united  (]',  2',  3',  i'). 
Tlius  in  place  of  one  Uvrge  defect  four  smaller  defects  are  created. 
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chief  injuries  with  which  tlie  siiijieoii  lias  to  deal  are  those  (hie  to  explosions,  to 
erushins;,  or  to  burns  and  scalds.  Oftentimes  there  is  a  coni!)ination  of  crushinij 
and  i)urning,  as  in  the  fre(|Uent  accidents  occurring-  in  laundry  mangles. 

One  nnist  not  be  content  with  the  correction  of  deformities  after  they  are 
developed.  It  is  of  the  utmost  importance  that  e\'erv  possible  portion  of  the 
hands  an(_l  hngers  be  preserved.  The  surgeon  wlio  amputates  a  finger  because 
the  skin  is  biu'ned  or  crushed  has  not  done  his  thitv  to  his  ijatieiit  unless  he  has 


Fig.  406. — Abdominal  I'lan  Traiisfcirril  to  tliu  I'on-arm.     Thumb  Destroyed. 


considered  most  carefully  whether  it  might  not  be  i>ossil)le  to  preserve  the  j/art 
by  covering  it  with  skin  from  another  region  of  the  body. 

In  plastic  restoration  of  the  hand  the  most  valuable  procedure,  one  far  too 
seldom  used,  is  an  adaptation  of  the  Italian  method  of  fixing  the  part  to  the 
skin  of  another  portion  of  the  liody,  and  llieii,  after  an  interval,  severing  this 
flap.  The  method  is  not  as  easil}'  applied  to  any  other  portion  of  the  body  as  to 
the  hand,foreai-ni,  and  arm.  It  is  a  very  easy  matter,  and  a  cause  of  comparatively 
slight  discomfort,  to  fix  the  hand  or  fingers  to  a  portion  of  the  skin  of  the  abdo- 
men or  chest.  Certain  general  rules  may  I)c  laid  down  with  reference  to  the  tran.s- 
fer  of  abdominal  or  thoracic  Haps  to  the  hand  or  arm.     Thus,  for  example: 

All  deep  scar  tissue  should  lie  dissected  awa>'. 

All  resistance  to  complete  unfolding  of  the  hand  shoidtl  be  overcome. 

As  far  as  iwssible,  the  edges  of  the  skin  which  is  left  should  be  free  from  scar 
tissue. 
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Fig.  407. — Conlr":ictfil 
Cicatricial  Conlractiin 


and   Immovaljlu  Hand  alter 
Dui-  t(i  Burns  in  a  Mangle. 


Any  preliminary  woi-k  {\\)0U  the  hand  may  well  !«■  iloiif  under  the  control  of  a 
t(Hirni([iiet. 

'Ilie  incisions  to  free  the  flap  and  to  fit  it  to  the  denuded  surface  must  be 
accui-ately   palteriie(K   with   .allowance  of  ahout  a  fourtli  for  shrinkage.     This 

may  easily  he  done  hy  plaemg  the 
suiiinated  hand  if  the  defect  is  in 
the  palm,  or  i>ronated  if  it  is  on 
the  hack,  just  below  the  area  from 
which  the  flap  is  to  l)e  raised. 

The  llap  should  include  about  1 
cm.  (|  in.)  of  subcutaneous  fat. 
.More  than  this  is  objectionab'.e  in 
•appearance  and  is  not  needed  for 
maintaining  thenutrition  unless  the 
area,  free(l  is  exceptionally  large  in 
extent. 

Suppuration  is  practically  inev- 
itable on  account  of  the  iinpossi- 
l)ility  of  pi-operly  dressing;  piortions 
of  the  denuiled  area. 

( )n  account  of  the  jjrobable  sup- 
puration, no  plastic  work  on  bones, 
joints,  or  tendons  should  be  under- 
taken at  the  time  of  the  operation 
on  the  skin. 

The  free  borders  of  the  flaps 
should  be  stitched  to  the  skhi,  at 
the  borders  of  the  area  to  be  filled, 
with  the  greatest  possible  accuracy, 
in  onlcr  to  secure  primary  union  and 
to  minimize  scar-tissue  formation. 

The  pedicle,  still  attached  to  its 
lias(\  may  be  approximated  by 
([uilted  sutures  to  the  opjaosite  edge 
of  the  gap  on  the  chest  or  abdo- 
men. These  (juilted  sutures  must 
not  be  so  tight  as  to  interfere  \\ith 
the  circulation  of  the  flap.  They 
sliould  be  introduced  exactl}'  along 
the  line  at  which  the  attached  bor- 
der is  to  be  severed  later.     Under 

Fig.  409.— Same  Hand  witli  Fingers  Fle.xcd.  nO   cirCUlUStanCeS   should   tllCSC   SUt- 


ilG.  408.— Same  Hand  vvitli  I'ingiTs   Extended  afkr 
Transfer  of  Abdominal  Flap. 
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ures  come  whhin  tho  area  to  he  cut  free  later.  II'  tliey  are  not  originally 
placed  with  care,  it  is  difficult  to  jiiiljj;e  at  the  second  opei-atioii  aloiiK  just  what 
line  the  flap  i.s  to  be  freed. 

As  far  as  possible  the  coi-ners  of  tiie  thoracic  or  alidoininal  wound  sliould  be 
approximated  at  the  first  oi)eration,  in  order  to  minimize  tlie  area  left  un- 
covered. 

At  the  second  operation  the  condition  of  the  wound  is  usually  such  that 
accurate  sutui'ing  of  the  Haps,  either  on  the  abdomen  or  on  the  hand,  is 
inaihisable. 

The  area  from  which  to  cut  the  fla])  should  be  selected  chiefly  with  reference 
to  an  easy  position  of  the  arm  when  h.xed  to  the  side  during  repair. 

The  flap  may  be  attached  above,  below,  or  at  the  side,  or  it  may  form  a 
bridge,  being  left  attached  at  both  ends. 

The  flap  should,  if  possible,  not  cross  the  median  line  of  the  body.     Nor 
should  dependence  be  placed  on  the  nu- 
trition of  the  flap  if  the  only  vessels  left 
intact  cross  the  median  line. 

An  inter\-al  n(  fi-oni  fnui'teen  to 
twenty  days  shoidd  elapse  between  the 
two  operations. 

The  earlier  after  the  original  injury 
the  plastic  operation  is  performed  the 
better  is  the  functional  result  to  l)e  ex- 
pected. It  is  often  unnecessary  to  wait 
for  cicatrization  after  the  original  in- 
jury. The  operation  may  be  performed 
as  soon  as  the  line  cf  demarcation  of  the 
gangrenous  tissue  appears,  or,  in  non- 
gangrenous  cases,  as  soon  as  the  ]irimary 
inHannnation  has  sulisidcd. 

The  entire  extremity  should  be  fixed 
to  the  body  by  a  i)laster-of-Paris  band- 
ag(\  This  should  not  \>q  remo\'ed  until 
the  patient  is  fully  ana-sthetized  for  the 
second  operation,  and  then  the  utmost  care  is  necessary  lest  the  liaji  !>e  torn  free. 

Restorixg  \  Lost  Thumb. — Xicoladoni*  hascU'visecl  a  most  ingenious  op- 
eration for  replacing  a  lost  thumli.  ( Fig.  110.)  He  substitutes  the  second  toe  of 
the  same  side  for  the  mi.ssing  thuml).  The  transfer  is  done  in  Iwo  opei'ations. 
At  the  first  he  makes  a  wide  Hap  on  the  dorsum  of  the  foot  and  unites  the  first 
phalanxof  thetoeto  what  remains  of  the  first  [jhaianx  or  metacarpal  nf  the  thumb 
with  a  silver-wire  suture.  The  flap  from  the  dorsiun  <if  the  foot  issutuicd  accu- 
*Archiv  f.  klin.  Cliii-.,  Ud.  IxIn.,  Hit.  :!. 


Fig.  410. — Substitution  of  Second  Toe  for  Lost 
'I'liuinb,      (.Vfter  Nicoladoni.) 
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nitcly  lutlic  niitci'.'ispcct  111'  till'  skin  at  the  l)a>c  nf  the  tliiinil).  In  Xii-nladdni's 
cases  boiiynnidii  hml  (nTuncti  in  alidiit  sixteen  oroiiilitci'ii  days.  At  tiiat  time  tlic 
flai)  at  till'  planlai'  snii'ai'i'  was  sc\-crc(l  anil  srwnl  iiiln  liii'  aiijilr  of  llir  lliiinili. 
In  his  two  cases  tlir  nntrition  became  snlliriiiiliy  estaljlislinl  to  ])iTveiit  sloufili- 
ing  after  the  toe  was  completely  sevei-rd  IVnni  the  fool,  in  iicithi'i'  of  them 
was  he  ah\v  to  secure  f;;oo(l  motion  in  Ihr  tluimli.  In  one  case  he  sutuicd  the  ten- 
don on  the  dorsal  snrface  al  the  liist  oiiei-aliiui,  and  in  the  other  he  waited  until 
the  second  operation  hefoi'e  sntui-inti'  the  tendons.  In  neither  case  was  free  use 
of  the  tendon  secured.  'I"he  tendons  wei'e  liound  up  in  the  scar  in  each  case. 
Althoujih  this  lack  of  mobility  was  a  drawback,  yet  the  tliunib  remained  fairly 
useful  beca\ise  of  the  motion  transmitted  to  it  thi-ouiih  the  nui.sch-s  which  are  at- 
tached to  its  metacarpal  bone.  If,  owin^  to  cicati'icial  adhesions,  the  motion  se- 
cured is  so  .slight  as  to  beof  little  \ise,  Xicoladoni  suggests  that  it  might  be  easily 
possible  to  free  the  tendon  ;iiiil  covei'  in  the  wound,  h-ft  after  the  excision  of  the 
scar  tissue,  with  a  flaji  fi-om  the  chest.  When  the  opei'ation  is  done  in  child- 
hood the  nutrition  of  the  new  thumb  i,-  not  suthcieiit  to  insure  full  growth.  Ap- 
pareiith'  the  disturbance  is  chielly  in  the  epiphyseal  line.  The  length  of  the 
thumb  is  ilelicieiit,  but  it  grows  in  bi-eadtli  and  thickness.  This  method  of  sup- 
plying the  thumb  is  to  be  pi-eferred  to  that  of  ti'ansfei-ring  pieces  of  the  tibia  and 
then  covering  them  with  a  llaji  of  skin  fi'oni  another  part. 

In  cases  in  which  the  tendons  are  more  or  less  tlestroy<<d,  the  po.ssibility  of 
tendon  lengthening  by  Lange's  method  (Vol.  II.,  p.  415)  is  to  be  considered. 

AVKinuoi)  Fi\(ii;iis.  SvxDArTYLi.sM. — The  degree  of  the  deformity  varies  \-ery 
greatly.  \\  hen  the  hng(>rs  ;ire  miited  by  a  web  only  a  third  as  thick  as  the  diam- 
eter of  the  Hngers,  and  broad  enough  to  allow  the  fingers  to  be  spread  a jiart  for 
a  third  of  their  diameter,  the  skin  can  be  imited  without  tension  after  divis- 
ion of  the  web.  The  difticidty  of  l)ringing  the  edges  of  the  skin  together  in- 
creases as  the  web  is  thicker  and  narrower.  I'nfortunately,  in  most  instances 
the  union  of  theHngers  is  much  too  close  and  the  webniuch  too  tliiek  to])ermit 
ready  suture  of  the  skin  after  the  division  of  the  web.  In  fact,  in  many  instan- 
ces the  imion  of  the  fingers  is  so  intimate  that  the  nails  arc  fused,  while  in 
extreme  instances  the  phalanges  are  also  fused. 

It  must  lie  recognized  at  once  that,  except  in  the  most  favorable  cases,  it 
is  unwise  to  attemjit  to  se])arate  more  tlian  one  web  at  a  single  operation.  The 
amount  of  a\'ailable  skin,  always  scanty,  is  often  insufficient  to  cover  the  denuded 
areas.  Time  allows  the  skin  covering  the  other  fingers  to  stretch  and  makes  the 
conditions  for  later  opei'ations  more  favorable. 

Primaiy  union  is  always  to  be  desirtMl  Ix'causeit  insures  against  cicatricial 
contraction  of  the  scar  antl  subsequent  deformity  of  the  fingers.  In  case  pri- 
mary union  does  not  take  place  in  the  angle  between  the  fingers,  or  unless  a  sep- 
aration at  this  point  has  been  previously  establisheil,  it  is  inevitable  that,  as 
healing  goes  on,  tlie  lli^•ided  web  will  to  a  certain  extent  reform.     Even  if  pre- 
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cavitions  arc  taken,  it  is  surprisin"-  to  oliscrvc  how  frequently  a  web,  ajiparently 
sufficiently  separated,  will  tend  to  spread  down  between  the  fingers.  For  this 
reason  it  is  well  to  establish  the  new 
coniniissure  between  the  fingers  at  a 
l)oint  somewhat  higher  than  is  normal. 
"Several  methods  have  been  devised 
for  establishing  this  ])oint  of  separation 
before  resorting  to  the  division  of  the 
remaimlrr  of  the  web.  One  pr()C(<lure 
has  for  its  object  the  formation  of  a  per- 
manent cicatrized  fistula  between  the 
fingers  at  the  point  where  they  should 
separate.  The  I'isks  of  sepsis,  as  well 
as  the  prolongation  and  discomfort  of 
treatment  without  conqx'usating  ail- 
vantages,  condemn  the  method.  'I'he 
desirecl  result  may  be  secured  more  ad- 
vantageously by  stitchhig  a  triangular 
fla])  from  the  dorsum  of  the  web  to  the 
skin  of  the  ])alm  where  the  noi'mal 
])oint  of  separation  is  to  be  established. 
Neither  of  these  procechux's  is  to  be  ad- 


vised.     Primary   union   of   well-foiiued 

flaits    is     the 


Fic:.  411. — Diday's  Operation.  Diagram  il- 
lustrating tlie  incisions  on  the  dorsal  surface. 
'I'lie  incisions  on  the  palmar  surface  should  he 
exactly  reversed. 


only  method  by  which  deformity  of  the  fingers  through 
contraction  of  the  sear  can  be  a\'oided. 

To  meet  these  conditions,  the  operation  \'ariously 
spoken  of  as  Nelaton's  or  Didot's — but  in  reality  first 
described  by  Diday — is  to  be  chosen.  (Figs.  411  and 
412.)  In  this  operation  a  flap)  is  to  i)e  raised  from 
the  dorsal  surface  of  one  and  from  the  palmar  surface 
of  the  otlier  finger  of  the  two  to  be  separated.  The 
Haps  are  to  (>xtend  from  the  apex  of  the  web  back- 
ward fully  as  far  as  the  location  of  the  normal  web. 
After  the  flaps  are  raised,  the  underlying  tissues  unit- 
ing the  fingers  are  to  be  divided.  In  doing  this,  the 
purgeon  should  begin  the  cut  at  the  tip  of  the  fingers 
and  should  carry  it  toward  the  hand.  A\'ith  care  to 
keep  exactly  in  the  middle  line  between  the  lingers 
there  is  little  danger  of  cutting  the  vessels  which 
are  imjiortant  in  maintaining  the  circulation  and  in  preventing  sloughing 
of  the  flaps,  whii'h  often  have  to  be  subjected  to  consitlerable  tension.     The 


Fig.  412. — Diagram  Showing 
in  Cross-section  the  Manner  in 
which  the  Fingers  are  Sepa- 
rated in  Diday's  C^peration. 
The  shaded  area  represents 
the  subcutaneous  fat  which 
must  be  removed  to  allow 
union  of  the  skin  arounil  the 
separated  fingers. 
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tiiip  fnim  cnch  lin<icr  is  thus  left  attadiril  In  llic  ;i(lj;icciit  tingci'  and  is  to  Ijo 
sutuicil  carcl'iijly  into  i)la((\ 

Even  in  cases  in  wiiicii,  lid'orc  division,  there  seemed  al)undant  skin,  it  is 
common  to  find  the  Haps  sulijeeted  to  consideruhlc  and  p08sil)ly  dangerous 
tension.  Under  iliese  conditions  one  must  cautiously  dissect  away  tlie  su- 
perfluous fat  from  tlie  exposed  sides  of  tiie  fingers,  care  lieing  taken  to  avoid 
cutting  aAva>'  enough  tissue  to  interfei-e  witli  the  ^■itaHly  of  the  fiaps.  'J'he  ves- 
sels and  nerves  ought  to  he  spared. 

Diday's  operation  is  always  to  he  se]eete<l  except  in  the  rare  cases  in  wliich 
the  web  is  so  thin  and  so  broad  as  to  allow  suliiic  of  th(>  surfaces  after  direct 
division  without  Hap  formation.  One  must  remember,  however,  tliat  Diday's 
o])eration  does  not  add  one  jot  to  the  amount  of  available  skin.  If  the  skin  is 
deficient  it  merely  tran.sfers  the  line  of  the  scar  from  the  sides  of  the  finger  to  the 
dorsal  or  palmar  surface. 

If,  at  the  first  operation,  one  finger  is  separated  fi-om  two  or  moi-e,  it  is  wise 
to  fashion  the  fla])s  in  such  a  manner  that  the  on  Mi  for  the  separated  finger 
shall  be  broader  than  that  left  on  the  several  united  fingers.  The  opportunity 
for  stretching  the  skin  is  greater  the  more  fingers  it  co\ crs. 

When  the  fingers  are  placed  so  close  together  as  not  to  permit  their  separa- 
tion with  sufficient  tissue  to  cover  in  the  raw  surfaces,  one  should  carefully  con- 
sider the  advisability  of  secm'ing  additional  skin  by  means  of  abdominal  flaps. 
It  is  of  such  i)rime  imiiortance  to  secure  useful  fingers  that  anv  reasonable 
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Fin.  413. — Diagram  Illustrating  a  A\'ay  in  which  the  Skin  May  \m'  t'tilized  to  Cover  Two  Fingers 
Completely,  this  procedure  leaving  on  two  fingers  that  are  still  united  a  large  area,  A  D  C,  which 
will  have  to  be  covered  with  a  flap  from  the  abdomen.  Enough  skin  must  be  sui»i>iicd  to  fill  tlie  extra 
denudeil  area  left  when  the  two  fingers  are  separated. 

measures  should  be  taken  to  pi'cvent  their  being  stiffened  or  deformed  or  their 
nutrition  and  growth  impaired  in  any  way  by  scar  tissue.  The  use  of  an  abdom- 
inal flap  is  certainly  far  preferable  to  the  excision  of  the  bones  of  one  finger 
in  order  to  secure  sufficient  skin  to  cover  the  others,  unless  of  course  these  are 
supernumerary  fingers.  The  method  of  attaching  the  abdominal  flap  would  be 
.-similar  to  that  describeil  for  restoration  of  the  skin  of  the  hand.     (Fig.  413.) 
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The  Face. — As  a  very  large  proportion  of  all  plastic  operations  arc  done 
ui)ou  tiic  face,  it  is  fortunate  that  in  this  locality  there  are  many  favoring  con- 
ditions. The  free  blood  supplj'  of  the  face  favors  prompt  healing  and  tends 
to  ]>re\'i'nt  septic  infection  of  thewonnds.  Anotiici'  advantage  lies  in  the  ease 
with  wliicli  flaps  may  be  transferred  without  fear  of  sloughing.  Yet,  in  spite 
of  the  vascularity  of  the  face,  ligation  of  vessels  is  seldom  necessary.  This  is 
advantageous  in  that  it  avoids  the  introduction  of  a  foreign  Ijody  within  the 
wound. 

In  planning  flaps,  it  is  important,  where  i)ossil)le,  to  ha^■e  incisions  antl  con- 
sec  [uently  scars  follow  the  natural  folds  in  the  skin.  Thus,  scars  in  the  naso- 
labial fold,  in  the  angle  between  the  nose  and  cheek,  antl  in  the  fold  that  reaches 
down  from  the  ala  outside  the  mouth,  are  relati\'ely  inconspicuous.  Scars  on 
the  foi-('head,  unless  concealed  l)y  the  liaii-  or  eyebrows,  are  most  consjjicuous. 
]\larkeil  deformity  must  inevitably  follow  any  operation  which  involves  cut- 
ting an}-  fibres  of  the  facial  nerve.  Therefore,  in  making  incisions  on  the  cheek 
the  course  of  these  fibres,  as  well  as  the  course  of  Steno's  duct,  must  be  kept 
constantly  in  mind. 

The  skin  of  the  foi'ciiead,  the  tem]:)les,  and  the  eyelids  is  thin,  lax,  and  freely 
movable.  It  is  thus,  indeed,  very  well  suited  for  plastic  operations.  That 
of  the  cheek,  Ijeing  thicker  and  more  adherent  to  the  underlying  tissues,  is  there- 
fore less  suitable,  while  the  skin  from  the  neck  contracts  so  much  as  to  lose  a 
large  i)ai't  of  its  value.  Scar  tissue  involving  the  whole  thickness  of  the  skin 
in  a  flap  greatly  endangers  its  vitality,  ^^'hile  the  flap  is  being  dissected  it  is  very 
important  that  the  tissues  should  not  be  pulled  out  of  shape.  Where  possible, 
the  pedicle  should  be  left  at  a  point  where  it  is  likely  to  contain  large  blood- 
vessels. It  may  then  be  narrower,  and  the  narrow(  r  the  pedicle  the  more  easily 
it  is  swung  into  position  and  the  less  the  deformity  produced  by  change  in  posi- 
tion. Gersuny  first  utiHzed  flaps  with  a  pedicle  of  subcutaneous  tissue  alone. 
This  has  proved  to  be  a  most  imj)ortant  step  in  closing  defects  in  the  mucous 
membrane.  By  this  mt-ans  a  fla]o  may  be  folded  into  position  through  a  slit 
cut  in  the  skin.  Monks  has  used  fla]>s  nourished  only  by  important  Ijlood- 
vessels  dissected  free  from  the  surrounding  parts. 

As  a  general  rule,  curved  incisions  are  always  to  be  preferred  to  straight 
incisions.  Thus,  it  is  always  of  great  assistance  in  turning  a  pedicle  to  pro- 
long the  incision  on  the  convex  side  in  a  shght  curve. 

Great  accuracy  of  apposition  in  suturing  is  always  important.  The  more 
accurate  the  apposition  the  less  the  stretching  of  the  scar.  Plial)le  sutures  are 
to  be  preferred  to  stiff  sutures,  and  sutures  \\hich  have  no  capillary  meshwork 
are  to  be  preferred  to  those  whicli  have. 

It  is  important,  in  order  to  pre\ent  spreading  of  the  scar,  that  the  layers  of 
fascia  mider  the  skin  be  firmly  united.  This  cannot  well  be  done  with  a  sub- 
cutaneous stitch,  which  therefore  .should  be  used  only  in  those  cases  in  which 
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there  is  no  tension  on  liu;  lliqis.  A  suliciiliincoiis  stitch  shmild  never  he  used  in 
those  cases  in  which  infection  may  occur.  Thus,  for  example,  it  sliould  not  he 
iiseil  in  (i|iei'ations  in  which  the  nioulh  lias  been  in\()lved.  As  fur  as  jiossihle  all 
gaps  which  are  formed  by  the  ii'uioval  of  flaps  should  he  united  by  a  suture  at 
the  time  of  the  operation,  or,  if  this  cannot  he  done,  .--liould  he  clos(-d  by  Tliiersch 
grafts  at  the  time.  Unless  it  is  absolutely  una\'oidablc,  no  ai-e.as  should  be  left 
to  heal  by  granulalion.  It  is  extremely  im|ii)rlanl  llial  under  no  ciicumstances 
should  the  pedicle  of  ;i  Hap  he  pul  undei'  the  sligiitest  tension  or  compression. 
This  may  happen  unless  care  be  used  in  suturing  tlie  gap  left  by  the  i-enicn-al 
of  the  flap. 

The  mucous  membrane,  as  well  as  the  skin,  often  re(iuires  a  sviture.  For- 
tunately, in  many  cases  in  which  nnicous  membrane  has  been  destroyed,  flaps 
of  skin  may  be  substituted,  hul  no  hairy  surface  of  skin  should  e\-ei-  be  turned 
into  the  mouth. 

It  is  important  above  all  else  to  maintain  the  general  contour  and  synunctry 
of  the  two  siiles  of  the  face.  The  utmo.st  care  should  l.)e  taken  to  ]irevent  ten- 
sion of  the  flaps  from  pulling  the  eyelids  or  lips  out  of  place.  As  far  as  is  con- 
sistent with  other  recjuirements  the  minimimi  of  tissues  should  be  destroyed, 
and  incisions  should  be  as  short  and  simi)le  as  jiossible.  In  certain  liranches  of 
plastic  work  temporary  osteoplastic  lesections  and  temporary  ])lastic  resections 
of  the  nose  are  of  the  utmost  value. 

Sensory  nerve  conduction  is  rc-c.stablished  very  promptly  in  plastic  ojierations. 
There  is  always  a  tendency  for  any  projections  of  skin  left  after  a  plastic  opera- 
tion to  flatten  out.  This  is  a  most  important  aid  to  the  surgeon  in  the  spon- 
taneous correction  of  any  irregulai-ity  which  may  he  left  after  ijla.-^tic  operations, 
but,  on  the  other  hand,  it  is  fatal  to  the  success  of  man}-  operations  which  are  in- 
tended to  create  any  prominence  such  as  is  aimed  at  in  rhinoplastic  operations 
and  in  operations  intended  to  build  up  defects  in  the  ear. 

"While  no  definite  line  can  he  di-awn  as  to  the  extent  to  which  minor  cosmetic 
operations  should  be  undertaken,  and  although  the  risk  is  trifling,  yet  one  must 
remember  that  there  are  risks  in  any  o]ieration.  It  is  especially  important  that 
the  immeiliate  dangers  and  the  remote  unsatisfactory  after-eft'ects  of  paraffin 
injections  should  always  be  kept  in  mind.  The  freriucnt  m-ging  on  the  part  of 
patients  to  have  some  cosmetic  o])eration  performed,  should  ne\-er  be  allowed  to 
override  the  conscience  of  the  surgeon.  It  is  also  wise  not  to  encourage  expec- 
tations, on  the  part  of  the  patient  or  friends,  that  are  inconsistent  with  the 
influence  of  the  obstacles  to  be  overcome.  It  shoifld  not  be  forgotten  that 
complaisant  co-operation,  on  tlie  part  of  the  surgeon,  with  the  irrational  antici- 
pations or  morbid  imaginings  of  a  })atient  are  apt  to  be  disappointing  to  all 
concerned,  provitling  for  common  observation  an  exhibit  which  is  likely  for  a 
long  time  to  annoy  the  patient  and  torment  the  surgeon. 

Meloplasty. — Meloplasty,  or  reparative  surgery  of  the  cheek,  is  necessary 


PLA8TIC   SURGERY.  n;]9 

after  tlic  rciuoval  of  new  j^rowllis,  after  ilestnictioii  In*  aeeideiit  or  disease,  for 
the  closure  of  eongenital  defects,  and  to  remedy  cicatricial  lockjaw. 

In  plastic  oj)erations  u])on  the  cheek,  the  surgeon  meets  the  tlithculty  of 
providing  an  inner  mucous  as  \\ell  as  an  outer  cutaneous  surface.  In  many 
cases,  also,  as  a  result  of  cicatricial  contraction,  there  is  an  ankylosis  of  the  jaw 
of  greater  or  less  extent.  The  choice  of  the  method  of  operation,  therefore, 
must  dc})end  greatly  on  the  extent  of  the  destruction  of  the  external  and  inter- 
nal surfaces,  and  on  the  mobility  of  the  jaw. 

Defects  which  in\'ol\'e  the  skin  and  sulicutaneous  tissues  may,  if  small,  he 
closed  by  undermining  the  edges  and  suturing  them  together.  Larger  superficial 
defects  are  best  closed  by  means  of  skin  giafts.  Souietinics,  however.  Haps  had 
l)etter  he  turned  in  from  some  neighboring  part.  Where  a  Hap  is  turned  in,  it 
had  better  come  from  beliiml  tlie  ga|i.  but,  in  cases  in  whicli  the  skin  is  insuffi- 
cient, the  flaps  may  be  taken  from  the  lower  jaw  or  from  the  neck.  In  de- 
termining the  ]iosition  from  whicli  the  Hap  shall  be  taken,  nuich  nuist  depend 
upon  the  condition  of  the  skin  about  the  lips  and  eyelids.  Above  all  else  it  is 
essential  that  the  eyelids  shall  not  be  drawn  upon  in  such  a  way  as  to  cause 
ectroijion,  and,  if  it  is  possible,  the  luouth  shoiHd  be  left  undisturbi'd,  oi-.  if  dis- 
tm'bed,  shoidd  be  restored  later  to  its  noi'mal  condition.  Any  defoi-mity  of  the 
mouth  is  always  most  conspicuovis. 

In  those  imstances  in  which  the  loss  of  sub.statice  is  in  the  mucous  niembnme 
alone  and  is  not  too  extensi\'e,  and  in  whi(  h  the  uuk'ous  membrane  elsewhei'e  is 
sound,  it  is  best,  when  .such  a  course  is  practicable,  to  take  the  Haps  needed  for 
repairing  the  defect  from  either  tlie  upper  v.r  the  lower  lip. 

The  mucous  membrane  from  the  hard  palate  may  l)e  utilized  to  till  in  gaps 
of  moderate  extent  in  the  mucous  membrane  of  the  cheek.  A  flaj)  can  be  made 
with  a  ])edicle  that  is  placed  posteriorly  and  that  therefore  may  be  swung  nut- 
ward  into  the  chei'k  through  the  gap  behind  the  teeth.  A  procedure  of  this  sort 
may  be  useful  in  those  very  rare  cases  in  which  ankylosis  of  the  jaw  has  resulted 
from  cicatrices  situated  far  back  in  the  cheek.  The  risk  of  sloughing  in  such  a 
flap  is  consideral^le. 

A\'illartl  Bartlett*  has  recently  rei^orted  an  ingenious  use  of  the  tongue  for 
hlling  a  gap  in  the  inner  surface  of  the  cheek  in  a  patient  in  whom  the  teetli.  on 
the  side  involved,  had  lieen  ]ireviously  lost.  The  tongue  was  split  longitudinally 
along  its  lateral  border.  The  upper  half  was  sutured  to  the  upper  border  of  the 
defect  in  the  mucous  membrane  of  the  cheek,  and  the  lower  portion  to  the  lower 
border.  The  operation,  of  course,  re(|uires  the  removal  of  any  teeth  that  may 
be  on  the  side  of  the  operation,  but  it  is  not  essential  that  the  teeth  should 
have  been  previously  lost.  The  mobility  of  the  tongue  is  so  great  that  the 
fixation  of  one  side  to  the  inner  surface  of  the  cheek  does  not  impair  its  useful- 
ness. 

*  .\niinls  of  Surgery,  xlv..  p.  ">7.3. 
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l<'ortuiiiit('ly,  in  dolVrts  of  the  clicck,  wlicii  sullicicnt  mucous  nirnilti-anc  is 
hicldnj^,  fi;ii)s  of  skin  may  l)c  lurncd  in  and  utilized.  Alliiou,L;li  in  time  llic  charac- 
ter of  the  ykin  will  cluuige  materially  and  will  come  to  resemble  mucous  mem- 
brane in  many  respects,  one  must  remeinbei-  that  hair  continues  to  jirow  on  the 
intiuned  surface.  Therefore,  no  part  of  the  beai'deil  face  should  e\'er  be  thus 
used,  imless  meastu'es  have  pi'eviously  been  taken  to  destroy  the  hair. 

\arious  methoils  have  been  proposed  by  which  deficiencies  in  the  mucous 
membrane  may  be  filled  by  Haps  of  skin  jiassed  throufih  a  slit  cut  into  the  mouth 
as  Vv-ell  as  under  flaps  wliich  have  been  temporarily  reflected.  Rotter  has 
proposed  introducinii  a  fiaji  throuiih  a  slit  at  the  anterior  vih^c  of  the  masseter. 
liardenhauer  has  proposed  int  I'oducin;^  a  Hap  of  skin  from  the  foi-eliead  or  arm 
through  a  slit  cxtendinj;  from  the  ala  nasi  to  the  malar  Ijone.  Roberts  ("  De- 
formities of  the  Face,"  p.  34)  has  sufigested  inverting  a  flap  of  skin  from  the  neck 

through  a  slit  into  the  mouth  at  the 
margin  of  the  lowei'  jaw.  The  pi-oced- 
in-e  of  Shrady  has  already  been  de- 
scribed (see  page  GIN). 

The  Operation  of  Gersuxv. — This 
operation  is  one  in  which  deHcient  nui- 
cous  membrane  is  supplied  liy  skin 
folded  u})  from  the  neck.  It  is  peculiar 
in  that  the  ]X'dicle  consists  of  subcuta- 
neous tissue  only.  While  this  fact  ena- 
bles the  sui'geon  to  complete  the  opera- 
tion at  one  sitting,  the  nutrition  of  the 
flap  is  so  precarious  as  to  make  the  op- 
eration unreliable.  An  incision  is  car- 
rie(l  downward  from  the  corner  of  the 
moutli  to  the  border  of  the  lower  jaw, 
and  then  extended  backward  to  the  edge 
of  the  masseter.     The  flap  thus  formed 

leld 
upward.     .\ny    cicatricial  tissue  in  the 


Fig.  414. — Gersiiny's  Operation.     Tlie  flap 
ABC  is  reflected  from  tlie  jaw.     Tlie  second 

flap,  Z)  £  f  G  is  tiien  cut  of  proper  size  to  fill      ig  separated    from    the   jaw    an 

any  gap  that  may  exist  in  the  mucou.s  mem- 
brane of  the  cheek.  This  flap  is  to  be  folded 
up,  the  subcutaneous  tissue  along  the  line 
DE  being  the  pedicle.  The  flap  A  B  C  is  then 
to  t:)e  replaced. 


pro].)riate  size  upward  from  the  neck. 


mucous  membrane  may  be  dividetl,  or  a 
tumor  removed.  The  resulting  gap  is  to 
be  filled  by  turning  a  second  flap  of  ap- 
The  i)edicleof  this  Ha[)  includes  tlie  sub- 
cutaneous tissues  and  periosteum  along  the  margin  of  the  jaw.  In  order  that  the 
flap  may  be  raised  up  into  place,  it  is  usually  necessary  to  cut  the  periosteum 
along  the  margin  of  the  jaw  and  free  it  somew  hat.  The  flap  is  then  sutured  to 
the  edges  of  the  gap  in  the  mucous  membrane.  The  first  flap  is  turned  down 
again  and  sutured  in  its  original  position.     (Fig.  414.) 
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The  cutting  of  the  second  flap  gives  admirable  access  to  the  submaxillary 
lymph  nodes.  The  gap  in  the  neck  may  be  closed  by  direct  suture,  by  apj^ro- 
priatc  flaps,  or  by  Thiersch  grafts. 

Obviously  in  men  the  operation  is  undesirable  because  a  bearded  portion 
of  the  neck  would  be  turned  into  the  mouth. 

Numerous  similar  methods  have  been  suggested.  Eiselberg  has  taken  skin 
from  a  beardless  portion  of  the  cheek.  The  hairless  portion  of  the  neck  may 
also  be  used,  and  thus  a  scar  on  the  face  may  be  avoided. 

In  those  cases  in  which  the  whole  thickness  of  the  cheek  has  been  destroyed, 
ankylosis  of  the  jaws  is  usual,  but  there  are  a  few  instances  in  which  the  mobility 
is  not  impaired. 

In  repairing  many  of  the  minor  defects  involving  the  entire  thickness  of  the 
cheek,  direct  union  of  the  refreshed  edges  of  the  gap  is  possible.  This  is  true 
especially  of  the  rare  congenital  fissures  of  the  face,  and  it  may  also  be  true  of 
certain  minor  destructive  changes. 

When  tlirect  union  is  impossible,  flaps  must  be  used.  When  the  loss  is  not 
too  great,  pedunculated  flaps  may  be  formed  from  the  upper  part  of  the  cheek 
and  from  the  side  of  the  lo\\er  jaw, 
and  these  can  be  slid  together  and  ap- 
proximated. This  method  of  gliding 
flaps  is  best  when  it  can  be  used.  It 
has  the  great  advantage  of  using  flaps 
which  have  already  a  mucous  as  well  as 
a  cutaneous  surface.     (See  Fig.  415.) 

However  the  defect  may  be  closed, 
it  is  of  great  importance  that  the  mu- 
cous and  cutaneous  surfaces  should  be 
thoroughly  separated  down  to  sound 
tissue.  If  this  is  not  done,  union  is  less 
perfect,  and  the  scar  is  likely  to  be 
depressed. 

If  for  any  reason  pedunculated 
flaps  cannot  be  taken,  the  gap  may  be 
filled  by  reflecting  a  flap  of  skin  from 
over  the  masseter,  with  its  base  near 
the  defect.     Or  a  flap  may  be  turned 

up  from  immediately  below  the  defect,  as  in  Kraske's  method.  As  much 
subcutaneous  fat  as  is  possible  should  be  taken  with  the  flap,  but  care  is  re- 
c^uired  if  injuiy  to  the  facial  nerve  is  to  be  avoided.  The  skin  must  be  sutured 
very  carefully  to  the  refreshed  mucous  membrane  at  the  sides  of  the  cavity. 
In  cutting  the  flap,  the  pedicle  may  be  left  a  short  distance  away  from  the  bor- 
der of  the  gap  to  be  filled.     If  this  is  done,  a  reflected  portion  of  skin  is  in- 
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Fig.  415. — Union  by  Flaps  from  Upper  Part  of 
Cheek  and  Lower  Jaw. 
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eluded  in  tlic  pedicle,  and  to  this  extent  the  nutrition  ol'  the  flap  is  assured. 
Kraskc,  however,  has  carried  the  incisions  which  free  the  etlges  close  up  to  the 
defect,  and  has  undermined  the  flap  to  within  about  a  centimeter  (|  in.)  of 
the  edge  of  the  defect.     In  this  manner  the  nutrition  of  the  flap  is  maintained 

through  the  subcutaneous  tissue  only. 
The  conditions  in  each  case  must  govern 
the  surgeon  in  detennining  what  his 
jirocedure  shall  lir.  In  cases  in 
which  there  is  much  scar  tissue  alxuit 
the  edges  of  the  gap,  the  method  of 
Ivi'aske  involves  considerable  risk  of 
loss  of  the  entire  flap.  If  there  is 
(ioul)t,  it  is  much  wiser  to  leave  a  little 
l)ri(lge  of  skin.  This  is  cut  across  at 
the  end  of  about  tlii'ee  weeks,  and 
there  are  thus  left  to  be  filled  two 
areas,  each  the  size  of  the  flap,  separat- 
ed by  a  narrow  strip  of  skin. 

In  either  case  there  are  left  raw 
external  surfaces  that  are  twice  the  size 
of  the  flap;  and  these  may  be  grafted 
or  filled  by  secondary  flaps  at  once  or 
later,  according  to  the  necessities  of 
the  case.  The  raw  surface  may  often  be  closed  satisfactorily  by  making  a 
curved  incision  downward  and  backward  under  the  jaw  from  the  anterior 
edge  of  the  original  flap  after  it  has  been  turned  into  position.  Thus  the 
skin  may  be  undermined  and  slid  upward  into  position  to  cover  the  raw 
surface.      (Fig.  416.) 

Gussenbauer's  Operation. — In  cases  with  a  relatively  small  defect  in  the 
cheek,  but  with  ankylosis  of  the  jaw,  the  operation  of  Gussenbauer  is  useful. 
This  operation  is  done  in  stages.  At  the  first  operation  a  trapezoidal  flap  of 
skin  about  4  cm.  (If  in.)  broad  anteriorly  and  6  cm.  (2f  in.)  posteriorly  is  cut 
out  on  the  cheek.  The  flap  is  dissected  from  the  corner  of  the  mouth  backward 
to  the  masseter  muscle.  It  is  left  attached  there  by  the  broad  pedicle.  (Fig. 
417.)  The  deeper  cicatricial  surface  of  the  cheek  is  then  divided  by  a  single  in- 
cision directly  backward  from  the  corner  of  the  mouth  to  the  masseter  mus- 
cle. Then  the  mouth  may  be  opened.  The  flap  of  skin  is  then  folded  in  so 
that  its  anterior  border  maj^  be  sutured  to  the  m.ucous  membrane  at  the  edge 
of  the  masseter  at  the  end  of  the  horizontal  incision. 

At  the  second  operation,  pcrformetl  after  the  lapse  of  four  weeks,  the  pedicle 
of  the  flap  is  cut  across  and  the  external  surface  is  folded  inward  to  line  the 
cheek  at  the  corner  of  the  mouth.    The  cicatricial  bands,  which  were  cut  across 


Fig.  416. — Kraske's  Operation,     The  flap  ^  is 
folded  up  into  the  defect. 
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to  permit  the  opening  of  the  jaw,  may  bo  reflected  to  form  new  gums  for  the 
upper  and  lower  jaws. 

At  a  third  operation  the  raw  external  surface  of  the  first  flap  may  be  covered 
in  by  turning  up  a  flap  from  the  bor- 
der of  the  lower  jaw. 

A  large  defect  in  the  cheek,  with  ht- 
tle  sound  skin  and  with  complete  closure 
of  the  jaws,  makes  a  condition  most 
difficult  to  remedy.  The  cicatrix 
which  fixes  the  jaw  must  first  be  di- 
videtl  so  that  the  mouth  can  be  freely 
opened. 

In  restoring  the  cheek  it  is  essential 
to  provide  against  such  shrinkage  of 
the  flajis  as  may  lead  to  fresh  ankj-- 
losis  of  the  jaw.  This  requires  that 
neither  the  inner  nor  the  outer  surface 
of  the  restored  check  be  left  exposed 
to  heal  by  granulation.  In  small  de- 
fects it  may  be  sufficient  to  have  the 
inner  surface  of  the  flap  covered  by 
Thiersch  grafts  before  it  is  fixed  in 
place.  But  for  large  areas,  this 
method  of  lining  the  inner  surface  of 
the  flap  may  not  prevent  vuidue  con- 
traction. On  the  other  hand,  the  external  surface  of  a  flap  which  has  been 
so  folded  that  the  skin  is  toward  the  mouth  may  be  covered  with  grafts  with 
much  less  risk  of  troublesome  contractions. 

Many  flap  operations  have  been  devised  for  filling  these  extensive  losses 
in  the  cheek.  The  choice  must  be  governed  Ijy  the  conditions  which  happen 
to  be  present.  Flaps  taken  from  the  neck  siirink  more  than  those  taken 
from  the  face.  Although  many  operations  are  mentioned,  the  advisability  of 
the  Italian  method  of  bringing  skin  from  the  arms  should  always  be  considered 
most  carefully. 

Czerny's  Oper.\tion. — A  flap  is  taken  from  behind  the  defect  in  the  cheek. 
The  pedicle  is  between  the  car  and  the  zygoma;  the  tip  of  the  flap  extends  far 
downward  and  backward  over  the  sterno-mastoid.  (Fig.  418.)  The  flap 
should  be  relatively  thick.  Care  should  be  taken,  however,  not  to  woimd  the 
branches  of  the  facial  nerve  just  below  the  pedicle.  The  flap  should  be  long 
enough  to  allow  the  rounded  tip  to  be  folded  back  on  to  the  main  body  of  the 
flaj)  and  sutured  to  the  mucous  membrane  at  the  edges  of  the  defect.  If 
planned  carefully,  this  tip,  which  is  to  be  turned  into  the  mouth,  may  be  taken 


Fig.  417. — Operation  of  Gussenbauer.  First 
stage:  The  solid  line  represents  the  incisions  in 
tlie  skin.  The  dotted  line  that  in  the  cicatricial 
mucous  membrane;  the  end  of  the  flap  of  skin  is 
folded  in  and  sutured  to  the  mucous  membrane 
when  the  mouth  is  opened,  a  to  a'  and  b  to  6'. 
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from  the  hairless  portion  of  the  neck  beliind  the  lower  part  of  the  sterno- 
mastoid. 

01)viously,  a  secondary  operation  is  necessary  to  restore  the  corner  of  the 
mouth  and,  if  necessary,  to  excise  any  redundant  tissue  where  the  flap  was 
turned  uj)on  itself. 

Israel's  Operation. — This  operation  re(iuires  at  least  three  sittings.  At  the 
first  a  long  vertical  flap  of  skin  is  disseetetl  up  from  the  side  of  the  neck.  (Fig. 
419,  a.)  The  pedicle  is  located  just  behind  the  angle  of  the  jaw,  is  oblifiuein  di- 
rection, and  is  somewhat  farther  from  the  edge  of  the  gap  to  be  filled  than  that 
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Fig.  418. — Czerny's  Operation,  a  Represents  the  formation  of  the  flap ;  the  clotted  line  indicates 
the  point  at  which  the  skin  is  to  be  reflected  to  fill  the  defect  in  the  mucous  membrane  of  the  cheek. 
6  Indicates  the  flap  in  position  and  the  freshly  denuded  area  united  by  suture;  the  tip  ^  is  shown 
folded  back  into  position. 

point  is  from  the  proper  location  of  the  corner  of  the  mouth.  The  wudth  of  the 
flap  should  be  sufficient  to  fill  the  gap  without  tension ;  the  length  should  be 
suflScient  to  enable  the  tip  of  the  flap  to  reach  the  point  at  which  the  new  corner 
of  the  mouth  is  to  be  formed.  This  w-ill  recjuire  that  it  should  extend  dow'n  to 
a  point  near  the  clavicle,  as  the  skin  of  the  neck  contracts  greatly.  The  flap 
should  include  the  skin  and  subcutaneous  tissues.  In  planning  this  flap  in 
the  case  of  men,  it  is  important  as  far  as  possible  to  get  the  tissues  from  that 
part  of  the  neck  which  is  situated  behind  the  beard.  When  thoroughly  freed, 
the  flap  is  folded  forward  so  that  the  skin  shall  be  inside.  The  lower  portion 
of  the  flap,  which,  when  folded  on  its  pedicle,  becomes  the  anterior  portion,  is  then 
sutured  to  the  refreshed  mucous  membrane  at  the  edges  of  the  defect  to  be  filled. 
(Fig.  419,  b.)     The  posterior  part  of  the  flap  lies  with  its  skin  surface  toward  the 
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portion  of  the  cheek  which  is  situated  just  behind  the  defect,  and  thus  the  entire 
raw  surface  of  the  fiap  is  left  exposed.  Tlie  area  from  which  the  flap  has  been 
dissected  is  then  sutured  by  stitches  placed  transversely.  The  lower  portion  of 
the  denuded'  area  can  be  closed  completely,  but  at  the  upper  portion  care  should 
be  taken  not  to  place  the  stitches  so  close  to  the  pedicle  as  to  impair  the  circula- 
tion in  the  flap  or  to  drag  on  the  lower  part  of  the  cheek  in  such  a  manner  as  to 
draw  it  away  from  the  portion  of  the  flap  that  is  sutured  into  the  gap. 

Great  care  should  be  taken  to  .set  accurate  apposition  between  the  edges  of  the 
nuicous  membrane  and  the  flap  at  the  upper  and  lower  borders  of  the  elefect. 


Fig.  419. ^Israel's  Operation.     First  stage,     a,  Tlie  flap  is  outlined.     6,  Flap  in  position. 
Tlie  secondary  gap  is' closed  by  sutures. 


At  the  posterior  border,  unless  under  exceptional  conditions,  no  attempt  should 
be  made  either  to  refresh  the  edge  of  the  mucous  membrane  or  to  unite  it  to  the 
flap.  Under  ordinary  circumstances,  anj^  attempt  made  at  the  first  operation 
to  introduce  sutures  at  this  point  would  threaten  the  life  of  the  anterior  por- 
tion of  the  flap.  The  two  surfaces  of  skin  which  are  opposed  to  each  other  are 
to  be  kept  apart  by  gauze  to  prevent  maceration.  As  far  as  possible,  leakage 
of  saliva  through  the  posterior  portion  of  the  defect  is  to  be  prevented.  The 
sutured  area  in  the  neck.jn'aj'  often  with  atlvantage  be' sealed,  in  order  to  pre- 
vent contamination  from  saliva  or  from  the  discharges  from  the  exposed  raw 
surfaces  of  the  flap.  It  is  well  to  dress  the  exposed  surface  with  some  smooth 
material  which  will  not  adhere. 

The  second  operation  is  to  be  performed  about  three  weeks  later.     The 
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pedicle  is  to  be  cut  across  at  its  base.  After  this  is  done,  the  outer  griiiiulating 
surface  of  the  whole  flap  is  curetted  and  cleaned.  The  posterior  i)art  of  the  flap, 
now  free,  is  turned  forward  and  united  at  the  corner  of  tlie  moiitli  to  tiie  anterior 
free  border.  Above  and  below,  the  edges  of  the  flap  arc  carefully  united  to  the 
refreshed  edges  of  skin  at  the  borders  of  the  original  gap.     (Fig.  420.) 

There  remains  still  a  sinus  leading  into  the  mouth  just  behind  the  flap.     No 
attempt  should  be  made  to  close  this  until  the  outer  layer  of  the  flap  has  united 
_  firmly  to  the  inner   layer.      Otherwise 

there  is  great  risk  of  cutting  off  the 
nourishment  from  the  outer  layer  of 
skin. 

This  ojx'ning  or  sinus  is  to  be  closed 
at  the  third  operation  by  cutting  per- 
|)en(licularly  througli  the  flap  where  it 
was  reflected,  and  sutui-ing  the  inner 
layer  of  skin  to  the  mucous  membrane, 
and  the  outer  to  the  skin  just  back  of 
the  opening.  It  is  important  to  sepa- 
rate freely  the  edges  of  the  inner  and 
outer  layers  of  the  flap  and  also  to  sep- 
arate freely  the  mucous  membrane  from 
the  skin  behind  the  opening.  Scar  tis- 
sue should  be  freely  excised. 

The  mucous  membrane  of  the  iqjpcn' 
and  lower  lips  also  should  be  dissected 
free  and  sutured  in  such  a  way  as  to  meet 
at  the  corner  of  the  mouth.  This  may 
be  done  at  the  second  operation  unless 
it  is  probable  that  changes  in  tension  made  at  the  third  operation  may  again 
draw  the  corner  of  the  mouth  out  of  shape.  The  restoration  of  the  corner  of 
the  mouth  had  usually  best  be  left  until  the  last. 

When  the  pedicle  is  cut  across,  the  surgeon  should  estimate  carefully  the 
length  of  flap  recjuired,  and,  in  case  the  original  flap  seems  likely  to  be  too  short 
to  reach  forward  to  the  mouth,  a  little  additional  skin  should  l^e  dissected  up 
from  the  cheek  just  above  and  in  front  of  the  pedicle  and  turnetl  forward  as  a 
portion  of  the  flap. 

The  Oper.\tion  of  Hahn. — This  operation  is  essentially  the  same  as  that 
of  Israel.  The  flap  is  taken  from  the  chest  instead  of  from  the  neck.  A  large  flap 
is  cut  out  with  its  base  at  the  clavicle  and  reaching  down  on  to  the  chest  as  far 
as  the  nipple.  The  flap  is  folded  up  in  such  a  manner  that  the  skin  faces  inward 
and  is  sutured  to  the  edges  of  the  mucous  membrane.  The  head  should  of  course 
be  held  flexed  and  immobilized. 


Fig.  420. — Israel's  Operation.  Second  stage. 
Flap  severed  from  the  pedicle  and  folded  for- 
ward upon  itself  to  form  the  external  layer. 
The  gap  at  the  posterior  part  of  the  defect  re- 
mains to  be  closed  at  a  third  operation. 
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At  a  second  operation  the  pedicle  is  severed  and  turned  up  to  form  the  new 
cutaneous  surface.  In  all  essential  particulars  the  techni(|ue  is  the  same  as 
that  employed  in  Israel's  operation. 

The  Operation  of  Bardenhauer  and  Schimjielbusch. — This  operation  is 
so  nuitilating  that  it  is  to  be  considered  as  a  possible  resort  only  under  the  most 
extraordinary  circumstances.  Two  flaps  are  taken,  at  least  one  of  which  should 
be  free  from  hair  in  order  to  fill  the  gap  in  the  mucous  membrane.  One  is 
taken  from  the  forehead,  with  the  pedicle  either  above  the  zygoma  or  at  the  root 
of  the  nose;  the  other  is  taken  from  the  side  of  the  neck,  with  the  pedicle  at  the 
margin  of  the  lower  jaw.  One  flap  is  twisted  or  folded  in  to  supply  the  defect  in 
the  mucous  membrane;  the  other  is  at  once  sutured  over  it  to  the  borders  of 
the  skin  about  the  defect. 

At  a  later  time  the  pedicles  of  the  flaps  may  be  divided;  if  necessary,  the 
corners  of  the  mouth  may  be  reconstructed  and  the  secondary  defects  created 
by  the  operation  closed,  un- 
less these  defects  have  been 
remedied  by  Thiersch  graft- 
ing at  the  time  of  the  original 
operation. 

Monod  and  Van  \'erts  op- 
erate in  a  similar  manner. 
They  locate  the  pedicle  of  the 
flap  from  the  forehead  at  the 
root  of  the  nose.  They  cut  it 
very  narrow,  taking  care  to 
include  the  facial  artery. 

In  these  operations  the 
surgeon  should  remember  that 
the  long  pedicles,  after  being 
severed,  are  returned  to  their 
original  positions.  Therefore 
the  jjortions  of  the  secondary 
defects  created  which  are 
near  the  pedicle  need  not  be 
closed  either  by  suture  or  by 
grafting. 

In  certain  extreme  cases 
there  is  complete  closure  of 
the    jaws    due    to    extensive 

v.nion  between  the  alveolar  processes  and  to  changes  in  the  masseter  and  in- 
ternal pterj'goid  muscles.  Untler  these  circumstances  it  may  be  necessary  to 
make  a  false  joint  in  front  of  the  cicatrix. 


Fig.  421. — Closure  of  a  Quadrilateral  Defect  of  the  Upper 
Lip  by  .Approximation  of  the  Sides  and  Excision  of  Crescentic 
.\reas  of  the  Cheek  Outside  Each  Ala. 
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Upper  Lip.— Plastic  operations  on  the  u])]))')-  lip  are  required  much  less  fre- 
quently than  upon  the  lower.  Operations  for  the  correction  of  hare-lip  are 
considered  elsewhere.     (See  Vol.  V.) 

Narrow  defects  similar  to  those  of  congenital  origin  may  be  closctl  by  draw- 
ing forward  the  tissues  at  the  sides  of  the  liji  and  from  the  cheeks.  The  opera- 
tive steps  in  such  cases  are  essentially  similar  to  those  for  the  correction  of 
hare-lip. 

Where  the  defect  in  the  lip  is  larger  and  extends  as  a  broad  gap  up  to  the 
nostrils,  incisions  may  be  carried  from  the  upper  border  of  the  defect  outward 
and  upward  in  the  fold  between  the  ala  and  the  cheek.     A  crescentic  piece  may 


Fig.  iki. — Shows  how,  in  Reforming  the  Upper  Lip,  in  Order  to  Obliterate  a  Triangular 
Gap  in  this  Part  of  the  Face,  the  U-shaped  incision  (a)  around  the  alae  is  converted  into  one  having 
the  shape  of  a  Y  (h). 

then  be  excised  from  each  cheek  just  outside  the  ala.  In  this  manner  the  ob- 
struction which  the  nose  offers  to  the  approximation  of  the  flaps  is  overcome. 
The  gaps  at  the  sides  of  the  nose  close  naturally  and  leave  only  slight  scars, 
inconspicuous  in  position.      (Fig.  421.) 

In  cases  in  which  the  upper  outer  portions  of  the  lip  below  the  alge  are  not 
destroyed,  the  defect  is  more  nearly  triangular.  Under  these  circumstances 
the  incisions  may  be  carried  upward  and  outward  from  the  apex  of  the  triangular 
defect,  curving  upward  around  the  ate.  The  tissues  at  the  sides  of  the  defect 
may  then  be  brought  down  to  form  the  free  border  of  the  lip,  while  those  points 
which  lie  at  first  below  the  alse  are  drawn  inward  to  be  united  in  the  median 
line  below  the  septum.  In  order  to  gain  sufficient  freedom  for  the  flaps,  it  may 
be  necessary  to  prolong  the  upper  ends  of  the  incisions  outward  on  to  the  cheeks. 
(Fig.  422.) 
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Wide  quadrilateral  gaps  may  be  closed  by  drawing  in,  from  the  cheeks,  flaps 
that  have  been  freed  by  two  horizontal  incisions — one  extending  out  from  the 
upper  edge  of  the  defect,  the  other  from  the  corner  of  the  mouth.  (Fig.  423.) 
The  objections  to  this  method  are,  that 
two  disfiguring  scars  are  made  in  con- 
spicuous positions  upon  the  cheek,  antl 
that  the  lower  border  of  the  new  lip  has 
no  red  border.  The  operation  may  be 
useful  in  loss  of  the  entire  lip. 

In  cases  in  which  the  entire  upper  lip 
is  lost,  quadrilateral  flaps  may  be  cut 
out  from  the  cheeks  at  each  side  of  the 
defect.  The  incisions  extend  upward 
from  the  corners  of  the  mouth  to  points 
just  outside  the  ala^  of  the  nose.  (Fig.  424.) 
They  then  turn  at  right  angles,  being  car- 
ried outward  on  the  cheeks  far  enough 
to  give  sufficient  height  for  the  new  upper  lip.  They  then  turn  downward  again, 
at  right  angles  to  the  cross  cut  and  roughly  parallel  with  the  original  incisions, 
sufficiently  far  to  allow  the  two  flaps  to  be  swung  inward  and  to  be  united  by 


Fig.  423. 


Fig.  424. — Shows,  in  a,  a  Method  of  Remedying  a  Quadrilateral  Defect  in  the  Upper  Lip.  The 
incisions  may  start  at  1  or  at  2,  on  one  side  of  the  defect,  and  at  the  corresponding  points,  1'  or  2', 
on  the  other.  They  extend  up  along  the  sides  of  the  alie  to  A  and  A',  then  turn  at  right  angles  and 
are  carried  out  to  B  and  B',  respectively,  from  which  points  they  again  curve  downward,  to  C  and 
C  The  length  of  the  cuts  AB  and  A'B'  must  be  sufficient  to  make  a  lip  of  proper  height. 
The  manner  of  closing  the  wounds  is  shown   in  b. 

their  upper  extremities  in  the  median  line.  In  those  cases  in  which  the  sides 
of  the  deficiency  present  red  borders  it  is  well  to  preserve  them  and  start  the 
incisions  higher  up  near  the  ala  of  the  nose.    Thus,  tissue  is  saved  and  the  ex- 
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isting  red  borders  arc  utilized.  Where,  liowcN'cr,  llie  side  of  the  deficiency  is 
made  up  of  scar  tissue  which  cannot  bo  utilized  it  nuist  be  sacrificed.  On  the 
other  liand,  it  would  usually  be  desirable  to  preserve  this  scar  tissue  if  possible 
and  supply  the  red  Ijorder  at  a  secondary  opei'ation  i-ather  than  to  sacrifice  it 
at  once. 

The  Operation  of  Sedillot.— This  operation  is  suitable  for  those  cases  in 
wliich  the  loss  of  the  lip  is  complete. 

(^ladrangular  flaps  are  taken  from  each  side  of  the  defect,  the  pedicles  being 
above  instead  of  below.  On  each  side  a  vertical  incision  should  start  just  out- 
side the  nose,  miilway  between  the  corner  of  the  mouth  and  the  lower  eyelid. 


Fig.  425. — Operation  of  Sedillot.  The  incision  starts  at  the  side  of  tlie  nose  and  is  carried 
downward  outside  the  cleft  to  a  point  below  the  corner  of  the  mouth.  It  should  then  turn  out- 
ward and  a  little  downward  (AB)  for  a  sufficient  distance  to  provide  proper  height  for  the  lip. 
Then  the  incision  is  carried  upward  to  C  in  a.  In  case  the  sides  of  tlie  defect  (a  b,  a'b')  arc  cov- 
ered with  mucous  membrane  they  may  be  freed  everywhere  except  at  the  corners  of  the  mouth 
(b,  b')  and  left  to  be  attached  along  the  lower  border  of  the  restored  upper  lip,  a  a'  being  at  a  lower 
level  than  B  B'  after  they  are  united  as  in  Fig.  425,  b. 


(Fig.  425.)  It  should  extend  downward  toward  the  prominence  of  the  chin.  This 
incision  sacrifices  any  tissue  at  the  outer  border  of  the  defect  in  the  upix-r  lii)  un- 
less a  narrow  strip  of  mucous  membrane  is  left  attached  at  each  corner  of  the 
mouth  to  be  fastened  to  the  new  lower  border  of  the  lip.  From  the  bottom  of  this 
incision  a  cut  is  made  at  right  angles,  extending  outward  for  a  sufficient  distance 
to  give  proper  height  to  the  new  upper  lii).  An  incision  is  then  carried  directly 
upward  parallel  with  the  original  incision.  The  last  incision  may  with  advan- 
tage be  turned  slightly  outward  at  the  top.  It  may  end  at  a  level  a  little  below 
the  ala.  The  lower  ends  of  the  two  flaps  thus  formed  are  united  in  the  median 
line,  the  upper  border  of  the  gap  being  previously  refreshed  in  order  that  the 
inner  sides  of  the  flaps  may  be  united  to  it. 
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Fig.  426  . — Gurdon  Buck's  Method  of 
Remedying  the  Loss  of  Half  of  the  Up- 
per Lip. 


Those  operations  which  leave  the  pedicles  of  the  flaps  below,  are  usually 
preferable  to  those  which  leave  the  pedicles  above,  because  as  a  result  of  retrac- 
tion of  the  scar  there  is  less  tendency  for  the  flaps  to  be  dra^\ai  upward  and 
expose  the  teeth. 

Gurdon  Buck's  Method. — Gurdon  Buck,*  in  restoring  the  loss  of  half  of  the 
upper  lip,  has  turned  up  a  flap  from  the  same  half  of  the  lower  lip.  The  pedicle  of 
the  flap,  under  these  circumstances,  is  close 
by  the  red  border  of  the  midtUe  of  the 
lower  lip.  Any  mucous  membrane  which 
may  be  saved  about  the  borders  of  the  de- 
fect to  be  fiUed  should  be  carefully  reflected 
and  utilized. 

The  following  are  the  steps  in  the  op- 
eration: The  extremity  of  the  lower  lip, 
where  it  joins  the  cheek  on  the  same  side  as 
the  defect,  is  divided  throughout  its  entire 
thickness,  at  right  angles  to  its  border,  for 
a  distance  of  about  an  inch  (A  B) .  (Fig.  426.) 
From  the  end  of  this  incision  a  second  is  car- 
ried inward,  parallel  to  the  lip  border,  for 
a  distance  of  about  an  inch  and  a  half  (BC).  To  facilitate  the  turning  upward 
of  this  flap  an  additional  cut  should  be  carried  upward  from  the  end  of  the 
second,  half  way  to  the  border  of  the  lip  (CD).  This  last  incision  simply  narrows 
the  pedicle  and  allows  more  freedom  in  moving  the  flap. 

It  is  necessary,  at  a  second  operation,  to  enlarge  the  side  of  the  mouth  by  a 
transverse  incision  supplemented  by  incisions  which  free  the  mucous  membrane 
of  the  upper  and  lower  lips  and  allow  it  to  be  drawn  outward  to  the  corners  of  the 
new  mouth. 

Operations  intended  to  restoi'e  the  upper  lip  by  the  use  of  a  flaji  from  the 
forehead  have  been  done.  They  are  to  be  unhesitatingly  condemned,  save 
under  most  extraordinary  circumstances. 

Sexn's  Operation. — Senn  {New  York  Med.  Jour,  and  Phila.  Med.  Jour., 
1903,  \c\\.  LXXVII.,  p.  1,097)  has  in  a  most  ingenious  manner  used  part  of  the 
scalp  to  repair  an  extensive  loss  which  included  not  only  the  whole  upper  lip, 
but  also  the  entire  nose,  most  of  both  cheeks,  and  both  lower  eyelids.  (Fig. 
427.)  The  flap  extended  across  the  top  of  the  head  from  ear  to  ear.  It  was 
wide  enough  to  cover  the  entire  height  of  the  defect  from  the  mouth  to  the 
bridge  of  the  nose.  It  was  left  attached  by  two  pedicles,  one  at  each  end  just 
above  the  ears  and  including  the  temporal  arteries.  In  order  to  guard  against 
the  risk  of  sloughing,  Senn  separated  the  flap  in  five  different  stages,  at  intervals 
of  about  a  week.  At  these  preliminary  operations  an  extra  area  of  skin  was 
♦"Reparative  Surgery,"  Appleton  &  Co.,  New  York,  1876. 
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I'oldrtl  in  from  tlie  middle  of  the  foreliead  to  line  liuit  i)art  of  the  flap  wliich  was 
to  form  the  new  upper  lip,  while  the  other  parts  of  the  flap,  which  were  to  close 
in  the  mouth,  were  covered  by  Thiersch  grafts  to  prevent  undue  contraction. 
"Wlien  freed  the  flap  was  lowered  into  position  exactly  as  the  visor  of  a  helmet 
is  lowered.  The  upper  and  lower  borders  of  the  defects  in  the  cheeks  were 
refreshed  and  sutured  to  the  edges  of  the  flaps.  The  nasal  passages  were  opened 
by  transverse  incisions,  which  were  kept  from  closing  by  the  use  of  triangular 
lead  tubes.  The  hair  upon  those  parts  of  the  flaj)  which  were  not  already  bald 
was  destroyefl  by  exposure  to  the  .r-rays.  Additional  operations  were  neces- 
sary to  perfect  the  eyelids  and  build  up  a  shapely  nose,  but  the  flap  taken  from 


Fig.  427. 


Fig,  428. 


Fig.  427. — Operation  of  Senn.  Shows  the  extent  of  the  destruction  and  Indicates  the  incisions 
made  at  the  first  operation.  The  dotted  lines  indicate  the  complete  incisions.  The  extra  piece  of 
skin  taken  from  the  middle  of  the  forehead  was  used  to  line  the  new  upper  lip. 

Fig.  428. — Shows  the  Flap  Lowered  into  Place  and  Sutured  to  the  Freshened  Borders  of  the 
Defect.     The  incisions  into  the  nasal  cavity  are  not  yet  made. 

the  scalp  most  successfully  closed  the  great  gaps  in  the  upper  lip  and  cheeks 
which  had  left  the  whole  mouth  exposed,     (ti'igs.  427  and  428.) 

Lower  Lip. — Most  of  the  defects  in  the  lower  lip  which  need  to  be  restored 
are  the  result  of  the  excisions  of  epitheliomata.  Some  are  the  results  of  other 
causes,  chiefly  accidents. 

Fortunately,  in  many  cases  the  gap  to  be  filled  is  relatively  small.  In  all 
cases  where  it  is  going  to  be  possible  to  bring  the  edges  of  the  gap  together 
directly,  without  the  formation  of  any  flaps,  the  gap  should  be  converted  un- 
hesitatingly into  a  V-shape.  This  may  usually  be  done  advantageously  where 
the  mucous  membrane  at  the  corners  of  tlie  mouth  is  not  involved,     ^^llcn  the 
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corners  of  the  mouth  are  destroyed,  some  more  extensive  interference  is  generally 
necessary.  The  chief  advantage  of  direct  suture  is  that  there  will  remain  only  a 
single  linear  scar  which,  in  a  man,  maybe  concealed  by  the  beard.  The  elasticity 
and  power  of  adaptation  of  the  tissues  about  the  mouth  are  remarkable. 

In  cases  in  which  liberating  incisions  are  necessary,  the  more  simple  the  cuts 
made  the  better.  They  should,  wherever  possible,  follow  the  natural  lines  of 
the  features.  Thus,  in  those  cases  in  which  direct  union  is  not  possible,  the  pro- 
cedure of  choice  is  the  making  of  a  curved  incision  from  the  corner  of  the  mouth 
on  each  side  outward  and  then  downward,  in  order  that  the  flap  thus  formed 


Fig.  429. 


Fig.  430. 


Fig.  429. — Liberating  Incision  Extending  Outward  from  the  Corner  of  the  Mouth. 

Fig.  430. — Operation  of  Serre.  In  order  to  restore  tlie  widtli  of  tlie  moutli  a  small  piece  of 
cheek  may  be  excised  on  each  side,  .'^t  the  same  time  it  is  important  to  preserve  carefully  the  mu- 
cous membrane  at  the  corner  of  the  mouth. 

may  glide  inward  to  meet  its  fellow  of  the  opposite  side.  (Fig.  429.)  This  proced- 
ure is  usually  as  effective  as,  and  less  disfiguring  than,  other  more  formal  opera- 
tions which  depend  on  the  same  principle.  Nevertheless,  it  may  be  well  to 
describe  briefly  the  operations  of  Serre,  Jaesche,  Dieffenbach,  and  Heurtaux,  all 
of  which  are  adaptations  of  the  principle  of  sliding  together  lateral  flaps  freed 
liy  incisions  carried  outward  from  the  corners  of  the  mouth. 

In  all  operations  it  is  essential  that  the  mucous  membrane  should  be  stitched 
to  the  skin  at  the  edges  of  the  lip.  It  is  especially  important  for  the  comfort 
of  the  patient,  and  to  prevent  cicatricial  contraction,  that  no  gaps  be  left  un- 
covered in  the  new  corners  of  the  mouth.     Before  any  incisions  are  made  with  a 
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view  to  niobilizing  flaps  it  is  very  iiiiiKirtaiit,  lirst,  to  roHcct  and  save  any  mu- 
cous border  which  would  otherwise  be  sacrificed.  Then,  in  the  next  place,  in 
planning  the  incisions  one  must  estimate  whether  the  closure  of  the  secondary 
gap  will— if  no  allowance  be  made— cause  distortion  or  asymmetry. 

Operation  ofSerre. — A  longitudinal  incision  is  made  directly  outward  from 
the  corner  of  the  mouth  on  each  side.  In  this  way  the  tissues  at  each  side  of 
the  V-shaped  gap  in  the  lip  arc  mobilized  so  that  they  can  be  brought  together. 
The  mucous  membrane  is  sutviredio  the  skin  on  each  side,  thus  restoring  the  red 
Iwrtler  of  the  new  lower  lip  and  corners  of  the  mouth.  The  width  of  the  mouth  is 
restored.  In  order  to  give  space  between  the  ujiper  and  lower  lijis  at  the  corners 
of  the  mouth  it  is  often  necessary  to  excise  a  small  amount  of  tissue  along  the 
lines  of  tlie  liberating  incisions;  l)ut,if  this  is  done,  the  mucous-membrane  bor- 
der should  first  be  reflected 
from  below  u])\vard  in  order 
that  it  may  Ije  utilized  to  cover 
in  the  new  edge  of  the  lip  as  far 
as  is  possible.     (Fig.  430.) 

This  operation  leaves  the 
lower  lip  drawn  much  more 
tightly  than  the  upper,  which  is 
of  course  somewhat  ]juckered 
forward. 

When  it  is  found  that  suffi- 
cient freedom  is  not  obtained 
by  the  simple  lateral  incisions 
of  Serre,  they  may  be  prolonged 
according    to    the    method    of 


Va  \\i       ^^^^  i\     \v  Jaesche  or  of  Dieffenbach. 

Operation  of  Jaesche. — In 
this  operation  a  more  extended 
V-shaped  deficiency  may  be 
closed  by  extending  the  incisions 
from  the  corners  of  the  mouth 
outward  and  a  little  upward, 
and  then,  with  a  rather  sharp  curve,  cutting  downward  in  lines  parallel  with 
the  sides  of  the  V  and  reaching  as  low  as  the  apex  of  the  V.  Thus  two  flaps 
are  formed  which  may  be  swung  inward  to  unite  in  the  median  line,  while  the 
gaps  left  at  the  sides  may  be  closed  by  uniting  the  upper  and  outer  edges. 
(Fig.  431.) 

Operation  of  Dieffenbach. — A  horizontal  incision  is  made  on  each  side 
through  the  cheek  directly  outward  from  the  corner  of  the  mouth.  The  combined 
length  of  the  incisions  should  equal  the  width  of  the  mouth.     From  the  outer 


Fig.  431. — Operation  of  Jaesche. 
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ends  of  these  incisions  cuts  are  carried  downwarci  anil  inward  parallel  with  tlu; 
sides  of  the  V-shaped  gap  in  the  lip.  The  two  rhomboid  flaps  (CAB  anil  C'A'B') 
thus  formed  are  swiing  inward  and  luiitcd  in  the  median  line.  (Fig.  432.)  The 
mucous  membrane  should  be  sutured  to  the  skin  at  the  border  of  the  new  lip. 
The  two  triangular  gaps  are  closed  by  sutiu'ing  the  upper  to  the  outer  sides.  The 
operation  resembles  closely  that  of  Jaesche,  except  that  the  flaps  have  angular 
instead  of  rounded  corners.     As  in  the  other  operations,  it  is  essential  to  suture 


Figs.  432. — Operation  of  Dieffenbacli.     a,    Method  of  cutting  the  flaps;    b,  the  flaps  united. 


the  mucous  membrane  of  the  upper  lip  accuratel}'  to  that  of  the  lower  lip  at  the 
corners  of  the  mouth.  In  order  to  do  this  satisfactorily  it  is  often  of  great  help 
to  free  somewhat  the  mucous  membrane  of  the  upper  lip  at  the  two  sides  and 
draw  the  mucous  flaps  thus  formed  toward  the  middle  of  the  lower  lip.  This 
step  prevents  cicatricial  contraction  of  the  new  mouth,  and  adds  greatly  to  the 
comfort  of  the  patient  when  fed. 

Heurtaux's  Operation. — In  Heurtaux's  operation  *  a  single  flap  is  formed 
by  carrying  an  incision  in  a  long  curve  outward  and  downward  from  one  corner 
of  the  mouth.  This  flap  is  then  swung  upward  and  forward  across  the  defect  and 
united  to  the  edges  of  the  gap  at  the  other  side.  In  order  to  prevent  puckering 
in  the  skin  on  the  convex  side  of  the  curve  a  triangular  area  may  be  excised  just 
below  the  jaw.  (Fig.  433.)  The  operation  is  not  well  adapted  to  cases  in  which 
the  gap  involves  more  than  one  side  of  the  lower  lip.  On  the  other  hand,  the  di- 
rection of  the  incision  which  frees  the  flap  opens  up  the  region  of  the  submaxillary 
lymph-nodes,  while  the  triangular  area  of  skin  which  may  be  resected  is  taken 
*  Archives  Provinciales  de  Chirurgie,  1S93,  vol.  ii.,  p.  747. 
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directly  from  the  region  of  these  nodes.  Under  ordinary  circumstances  the 
excision  of  this  triangular  area  of  skin  may  be  olwiated  by  a  simple  curved 
prolongation  of  the  incision  backward,  thus  making  the  whole  incision  have  an 
S-shape. 

Malgaigne's  Operation. — In  (|uadrilateral  defects  of  moderate  extent  "the 
procedure  of  Malgaigne*  is  often  satisfactory.  (Fig.  434.)  Horizontal  incisions 
are  cari'ied  outward  from  each  corner  of  the  defect — one  from  the  corner  of  the 
mouth  and  one  from  the  lower  angle  of  the  defect  on  each  side.  Thus,  at  the 
sides  of  the  gap,  there  are  raised  two  flaps  which  may  be  ilrawn  inward  to  unite 


Fig.  433. 


Fig.  434. 


Fig.  433. — Heurtaux's  Operation.     The  figure  shows  resection  of  a  secondary  area  of  sldn  to 
allow  accurate  apposition  of  the  flaps.     Access  is  given  to  tlie  submaxillary  lymph  nodes. 
Fig.  434. — Operation  of  Malgaigne. 


in  the  median  line.     Often  it  will  be  found  that  this  procedure  draws  the  new 
lip  very  tightly,  especially  at  the  lower  part. 

The  conditions  which  must  be  met  are  so  varied  that  a  thorough  under- 
standing of  the  various  other  methods  is  necessary  before  one  decides  to  give 
Malgaigne's  the  preference.  Flaps  may  be  taken  from  the  chin.  The  opera- 
tions of  Syme,  Buchanan,  and  Trelat  are  the  types  of  this  group.  They  all  de- 
pend upon  jumping  a  flap  from  the  side  to  a  point  above  the  central  prominence 
of  the  chin.  It  is  essential  to  the  success  of  all  the  operations  of  this  group 
that  the  tip  of  the  chin  remain  undisturbed  in  its  attachments  to  the  jaw. 

*  Malgaigne:   "M^decine  Op^ratoire,"  vol.  ii.,  p.  209. 
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Where  flaps  are  taken  from  the  chin  the  absence  of  an  inner  mucous  surface 
is  hkely  to  lead  to  a  formation  of  firm  adhesions  between  the  jaw  and  the  flap, 
and  these  adhesions  may  interfere  to  a  great  extent  with  the  functional  useful- 
ness of  the  new  lower  lip. 

Operation  of  Syme.* — Where  the  whole  lower  lip  has  been  removed,  leaving 
a  ^^-shaped  gap  to  be  filled,  two  flaps  are  raised  from  the  sides  of  the  chin.  This  is 
done  by  prolonging  the  original  cuts  which  removed  the  lip.  These  incisions 
thus  cross  above  the  prominence  of  the  chin  which  is  left  undisturbed.  The 
length  of  these  prolongations  of  the  incisions  should  ecjual  the  length  of  the  in- 


FiG.  435. — Operation  of  Syme.     a.  Method  of  cutting  the  flaps;  6,  tlie  flaps  united  above  the  un- 
disturbed prominence  of  the  chin. 

cision  from  the  corner  of  the  mouth  to  the  point  at  which  they  cross.  The  in- 
cisions should  then  turn  at  a  sharp  angle  and  run  upward  and  backward  to  form 
rhomboid  flaj^s  which  may  be  united  in  the  median  line  directly  above  the 
prominence  of  the  chin.  (Fig.  435,  a.)  The  triangular  flaps  are  closed  by  sut- 
uring the  imier  and  outer  sides  together  from  the  bottom,  if  this  is  possible, 
but  usually  the  gap  must  be  united  horizontally.     (Fig.  435,  b.) 

Operation  of  Buchanan. — Buchanan's  operation  differs  in  no  essential  re- 
spect from  that  of  Syme.  The  incisions  are  curved  instead  of  angular.  The 
excision  of  the  lip  is  done  by  a  U-shaped  instead  of  a  \'-shaped  incision.  The 
incisions  for  freeing  the   flaps  pass  downward   and  outward,  and  then  curve 

*  "Ob.ser  vat  ions  in  Clinical  Surgery,"  p.  60,  Monthly  Journal  of  Medical  Sciences,  Edin- 
burgh, 1846-47,  p.  643. 
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upward  and  backward.  Owing  to  tlic  form  of  the  incisions  the  gaps  left  are 
closed  horizontally. 

Neither  of  these  operations  can  be  used  in  those  cases  in  which  the  prom- 
inence of  the  chin  is  lost.  The  normal  relation  of  this  prominence  to  the  jaw 
is  essential  to  success.  The  new  lower  lip  must  have  this  point  oi  support 
below  to  prevent  it  from  being  drawn  downward. 

Operation  of  Trelat.*— The  operation  of  Trelat,  based  on  exactly  the  same 
principles  as  those  of  Syme  and  Buchanan,  differs  from  them  only  in  the  fact  that 


Fig.  436. — Operation  of  Trelat.     a,  Incisions  required;  b,  the  flaps  united. 

the  area  of  skin  left  on  the  point  of  the  chin  is  cjuadrilateral  and  broad  at  the  top 
rather  than  triangular  and  pointed.     (Fig.  436.) 

Similar  in  principle  to  the  bilateral  operations  just  mentioned  is  the  unilateral 
Operation  of  Langenbeck,  in  which  a  quadrilateral  flap  is  taken  from  below 
the  point  of  the  chin,  the  pedicle  being  just  below  the  corner  of  the  mouth.  Where 
there  is  a  choice,  the  pedicle  should  be  on  the  side  where  the  deficiency  is  least. 
It  is  essential  that  an  area  of  sound  skin  be  left  between  the  deficiency  and  the 
flap  which  is  to  fill  it.  The  flap  is  to  be  jumped  above  this  area  of  skin  and 
sutured  into  position  to  form  the  new  lip,  while  the  gap  left  is  to  be  closed  by 
drawing  the  edges  together  laterally.     (Fig.  437.) 

Operation  of  Blasius. — This  operation  is  useful  only  in  broad  triangular 
defects  which  do  not  extend  far  down  upon  the  chin.  The  flap  is  taken  from  one 
♦Bulletin  de  la  Soci6t6  de  Chirurgie,  February  28th,  1877,  p.  170. 
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side  or  the  other.  From  the  apex  of  the  triangular  gap  a  cut  is  made  in  direct 
continuation  of  the  shortest  side  downward  into  the  submaxillary  region.  (Fig. 
438.)  The  flap  thus  marked  out  is  to  be  freed  and  slid  upward  to  form  the  new 
lip.  The  objections  to  the  operation  are:  that  the  flap  inevitably  tends  to  draw 
downward  again  into  its  old  position,  thus  leaving  the  lip  deficient ;  and  besides, 
if  the  gap  extends  at  all  into  the  region  of  the  chin,  the  flap  will  be  without 
mucous  membrane  on  its  inner  svuface. 

Berg's  Operation.* — This  is  an  elaboration  of  the  operation  of  Blasius.and 
is  intended  to  fill  larger  gai)s  in  the  lower  lip.  The  incision  is  made  down  into 
the  submaxillary  region  as  a  direct  continuation  of  the  shortest  side  of  the  gap  to 
be  filled.     The  cut  should  curve  slightly  toward  the  median  line.     The  length 


Fig.  437. 


Fig.  438. 


Fig.  437. — Operation  of  Langenbeck.  An  incision  A  B  is  carried  from  the  lower  angle  of  the  ga]> 
to  a  prolongation  of  one  of  its  sides.  The  distance  to  B  should  be  enough  to  enable  B'  to  be  attached 
to  the  corner  of  the  mouth.  A  second  incision  B  C  is  carried  down  at  right  angles  to  the  first,  and 
from  C  a  third  incision  is  made  parallel  with  the  fi/st.     C  is  united  to  A. 

Fig.  438. — Operation  of  Blasius. 


of  the  incision  should  equal  the  height  of  the  gap  to  be  filled.  The  incision 
should  then  curve  sharply  backward,  in  a  direction  roughly  parallel  with  the 
side  of  the  gap.  Thus,  a  flap  is  formed  which  may  be  more  freely  raised  into 
position,  while  the  triangular  space  left  below  may  be  closed  by  suturing  each 
of  the  three  angles.     (Fig.  439.) 

This  operation,  while  it  is  not  open,  as  much  as  some  other  operations,  to 
the  serious  objection  that  the  flap  may  undergo  retraction,  is  very  liable,  owing 
*  Malgaigne's  "M^decine  Op^ratoire,"  vul.  ii.,  p.  206. 
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to  the  complete  absence  of  the  mucous  lining,  to  be  followed  by  the  formation  of 
cicatricial  adhesions,  between  the  lower  jaw  and  the  flap,  and  subsequently  by 
contraction  of  the  latter. 

There  are  two  other  operations  which  should  perliai)s  be  mentioned,  although 
chiefly  for  the  purpose  of  condenniing  them— viz.,  Chopart's  and  Sandelin's 
operations. 

Operation  of  Chopart.— This  operation  has  been  used  in  closing  a  quadrilat- 
eral defect  in  the  lower  lip.     Incisions  are  carried  downward  to  below  the  jaw 


Fig.  439. — Operation  of  Berg. 


Fig.  440. — Operation  ol  Sandelin. 


in  direct  prolongation  of  the  sides  of  the  gap  to  be  filled.  The  flap  thus  freed  is 
drawn  up  to  make  the  new  lip.  This  operation  is  objectionable  in  that  it  violates 
one  of  the  fundamental  principles  of  plastic  surgery :  it  fails  to  make  a  change  in 
the  direction  of  the  flap  and  also  to  furnish  it,  when  in  position,  with  a  jsroper 
support.  The  result  is  that  the  skin  inevitably  draws  down,  and  the  original 
deformity  is  reproduced.  Prolongations  of  the  incisions  backward  may  free 
the  flap  a  little,  but  not  sufficiently  to  be  of  material  benefit. 

Operation  of  Sandelin. — The  operation  of  Sandelin  (Schulten-Morgan)  is 
open  to  much  the  same  objection  as  is  Chopart's.  Owing  to  the  fact  that  the 
skin  is  slid  along  without  change  in  direction,  there  is  great  tendency  to  repro- 
duction of  the  deformity  as  cicatrization  progresses.  MHiere  the  whole  lower 
lip  is  gone,  a  crescentic  incision,  roughly  parallel  with  the  bordei's  of  the  defect 
in  the  lip,  is  made  under  "the  chin.  The  ends  of  the  incision  should  be  below 
and  outside  the  corners  of  the  mouth.     The  width  between  the  incision  and  the 
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defect  should  be  sufficient  to  reach  from  the  mouth  to  below  the  prominence  of 
the  chin.  The  flap  thus  formed  is  to  be  left  attached  only  at  the  two  ends. 
(Fig.  440.)  AVhen  freed  from  the  jaw  it  is  to  be  slid  upward  and  forward  into  po- 
sition to  form  a  new  lip,  and  is  to  be  fastened  to  the  jaw  to  jirevent  it  from  slid- 
ing back  until  it  shall  have  become  firmly  adherent  in  its  new  position.  The 
defect  left  below  is  to  be  sutured  from  side  to  side  as  far  as  is  possible,  in  order 
to  minimize  cicatricial  contraction. 

While  the  portion  of  the  operation  which  has  just  been  described  is  not  to 
be  recommended,  the  second  part  is  most  ingenious  and  is  capable  of  application 
to  many  other  operations.  A  strip  of  the  mucous  membrane  and  underlying 
tissues  along  the  lower  inner  surface  of  the  upper  lip  is  cut  free  except  at  the 
two  ends.  This  ribbon  of  mucous  membrane  is  then  twisted  and  also  drawn 
downward  and  sutiu'cd  to  the  border  of  the  newly  formed  lower  lip,  while  the 
gap  in  the  upper  lip  is  closed  by  suture  also.     Thus  the  superfluous  mucous  mem- 


FiG.  441. — Operation  of  von  Bruns.     a.  The   defect    in  the   lower  lip  and  tlie  hnes  of  the  incisions 
are  shown  in  tliis  figure;  b,  the  flaps  have  been  brouglit  into  positiun  and  sutured. 


brane  of  the  upper  lip  is  utilized  in  such  a  way  as  to  form  a  new  red  border, 
for  the  lower  lip. 

There  are  certain  fundamental  objections  to  taking  flaps  from  the  chin. 
Wherever  possible,  it  is  important  that  flaps  should  include  skin  and  mucous 
membrane.  The  mucous  membrane  does  not  extend  down  upon  the  chin. 
Thus  the  flaps  have  to  heal  by  granulation  on  their  jjosterior  surfaces,  with  the 
result  that  they  contract  and  often  become  so  bound  down  to  the  lower  jaw  as 
to  interfere  with  their  usefulness.     Furthermore,  the  flaps  are  taken  from  the 
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immcdiiik'  vicinity  of  the  region  in  which  the  delect  ahx'ady  exists.     Thus  there 

must  be  cither  great  tension  of  the  parts  or  an  insufficiency  of  the  new  lip. 

To  obviate  these  difficulties  flaps  have  been  taken  from  the  upper  lip  and 

adjacent  parts  of  the  cheek,  very  fretiuently  with  most  gratifying  results  and 

surprisingly  little  scar. 

Oi'EiiATioN  OF  VON  Bruns. — von  Bruns'  operation  for  closure  of  a  defect  of 

the  lower  lip  is  the  exact  counterpart  of  the  Malgaigne-Sedillot  operation  for 

closure  of  a  defect  in  the  upper  lip. 

The  ojjeration  is  particularly  applicable  to  those  cases  in  which  the  portion 

of  the  lower  lip  removed  has  been  very  broad  below.     It  has  the  further  point 

to  recommend  it  that  the  resultant  scars  follow  the  lines  of  the  naso-labial  folds. 

When  the  entire  lower  lip  lias  been 
removed,  leaving  a  quadrilateral  gap 
to  be  filled,  the  lateral  incisions  are 
prolonged  upward  and  inward  from 
the  corners  of  the  mouth  to  points 
tlirectly  below  the  ate  of  the  nose. 
fFig.  441.)  Parallel  incisions,  separat- 
ed from  the  first  incisions  by  a  dis- 
tance sufficient  to  give  j^roper  height 
to  the  new  lip,  are  to  be  made  in  each 
cheek.  The  upper  ends  of  the  two 
incisions  are  to  be  united  by  a  cut 
made  at  right  angles  to  the  two  sets 
of  incisions  just  described.  In  cases 
in  which  additional  depth  of  the  new 
lip  is  retjuired  in  the  median  line, 
a  little  extra  tissue  may  be  gained 
by  making  the  connecting  incision 
follow  the  edge  of  the  ala  nasi  and  ex- 
tend upward  a  little  at  the  border  of 
the  nose,  rather  than  by  carrying  it 
straight  across  at  right  angles  to  the 
other  incisions. 

In  cases  in  which  it  is  possible,  the 


Fig.  442. — Operation  of  Estlander.  The  pedi- 
cle of  tlie  flap  lies  toward  tlie  middle  of  tlie 
upper  lip.  It  includes  enough  skin  and  mucous 
membrane  to  insure  adequate  nutrition.  The 
first  incision  upward  and  outward  from  the  cor- 
ner of  the  mouth  at  the  edge  of  the  gap  should 
equal  in  length  the  height  of  the  gap.  The  inner 
border  of  the  flap  is  to  be  of  the  same  length. 


corner  of  the  mouth  is  to  be  preserved, 
and  at  all  events  every  possible  bit  of  mucous  border  is  to  be  left  attached  to 
the  upjjer  lip  in  order  that  it  may  be  freed  and  brought  down  to  cover  in  the 
edge  of  the  newly  formed  lip. 

Operation  of  Larger. — In  principle  this  operation  is  similar  to  that  of  von 
Bruns.  The  flap  is  unilateral,  instead  of  bilateral.  The  operation  is,  therefore, 
particularly  applicable  to  those  cases  in  which  the  gap  involves  chiefly  one  side 
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of  the  lip.     The  mucous  membrane  from  the  somul  side  may  usually  be  drawn 
across  the  flap  to  complete  the  red  border. 

Operation  of  Estlander. — Estlauder's  method  of  fiUing  a  wedge-shaped  gap 
in  the  side  of  the  lower  lip  by  swinging  down  a  triangular  flap  from  the  ujjper  lip 
is  often  most  useful  and  may  be  applied  to  the  correction  of  deformities  about 
the  corner  of  the  mouth.  (Fig.  442.)  The  flap  thus  turned  into  the  gap  is  left  at- 
tached toward  the  middle  of  the  upper  lip.  The  apex  of  the  flap  shoukl  lie  up- 
ward and  outward.  When  swung  into  position  the  flap  should  be  made  as  wide 
as  possible  by  suturing  together  directly  the  lower  parts  of  the  sides  of  the  defect, 
the  flap  being  reserved  to  fill  the  upper  part.     The  resulting  scar  will  thus  have 


Fig.   443. — Second  Operation  of  Langenbeck.     a,   Shows  the  lines  of  the  incisions;  in  6  the 
are  in  position  and  the  edges  of  the  wound  have  been  sutured. 


a  Y-  instead  of  a  V-shape.  The  gap  in  the  upper  lip  may  be  closed  by  direct 
suture. 

The  chief  objection  to  the  operation  is  the  liability  of  inversion  of  the  flap. 
This  is  due  chiefly  to  its  thickness.  If  hairs  grow  on  the  inverted  area  they 
may  give  much  annoyance. 

Second  Oper.\tion  of  Langenbeck. — Another  operation  of  Langenbeck 
utilizes  a  principle  which  is  of  the  utmost  importance  in  the  surgery  of  the 
mouth.  It  depends  entirely  upon  the  elasticity  and  vascularity — what  might  be 
termed  the  plasticity — of  the  borders  of  the  mouth.  The  operation  consists  sim- 
ply in  incisions  which  encircle  the  corners  of  the  mouth,  thus  making  it  possi- 
ble to  approximate  the  sides  of  the  gap.  The  mouth  is  of  course  narrowed  by 
exactly  one-half  the  breadth  of  the  deficiency.     The  elasticity  of  the  tissues  is 


664 


AMERICAN  PRACTICE  OF  SURGERY. 


sucli,  however,  tliat  this  loss  is  soon  compensated;  and,  furthermore,  the  cor- 
ner of  the  mouth  soon  becomes  properly  moulded  into  its  new  location.  (Fig.  443.) 
It  is  a  matter  of  considerable  importance  that  the  technique  and  advantages 
of  this  operation  should  be  fully  understood,  because  modifications  of  it  may  be 
used  constantly  in  combination  with  other  operations.  In  the  fir.st  place,  when 
the  gap  in  the  lower  li])  has  much  hcii^ht,  the  operation  in  question  cannot  be 
utilized  unless  it  is  to  be  comljined  with  other  procedures.  Under  other  condi- 
tions, however,  the  only  limitations  to  the  operation  are  the  too  great  narrow- 
ing of  the  mouth  and  the  risk  of  impairing  the  circulation  at  the  tips  of  the  flaps. 
Opeeation  of  Mauclaire. — Mauclaire  {La  Tribune  Medicale,  Jan.  23d,  1904, 
p.  53)  has  described  an  operation  in  which  he  was  obliged  to  remove  the  entire 

lower  lip  and  the  skin  below  it  which 
coveretl  the  diseased  submaxillary 
lymph  nodes.  In  order  to  fill  the  gap 
thus  made  he  turned  in  a  flap  the 
pedicle  of  which  was  located  below, 
at  the  side  of  the  defect,  while  the 
body  of  the  flap  extended  over  the 
sterno-mastoid  muscle  and  terminat- 
ed up  on  the  mastoid  process.  Thus 
the  tip  of  the  flap,  which  goes  to  make 
up  the  front  of  the  lower  lip,  may  be 
covered  with  hair.     (Fig.  444.) 

Operation  of  Alfred  C.  Post. — 
Alfred  C.  Post  (Ashhurst's  "Inter- 
national Encyclopaedia  of  Surgery," 
Vol.  v.,  p.  474)  has  suggested  that 
deficient  mucous  membrane  in  the 
lips  may  be  supplied  by  folding  a 
flap  of  skin  up  from  the  neck  through 
a  slit  cut  along  the  border  of  the 
lower  jaw,  just  as  is  done  in  opera- 
tions upon  the  cheek.  He  has  fur- 
ther suggested  the  possibility  of 
transferring  a  flap  of  skin  from  some  distant  part  of  the  body,  attaching  it  first 
to  the  wrist  and  later  transferring  it  to  the  mouth. 

Operation  of  Watts. — Watts*  has  operated  on  a  case  in  which  the  entire 
loss  of  the  lower  lip  was  supplied  by  an  adaptation  of  the  Italian  method.  A 
flap,  including  the  skin  and  subcutaneous  fat,  was  dissected  up  from  the  right 
upper  arm.  The  under  surface  of  the  flap  was  covered  with  Thiersch  grafts,  so  that 
at  the  end  of  ten  days  the  flap  was  covered  with  skin  on  both  sides.    At  a  sub- 

*  Bulletin  of  the  John  Hopkins  Hospital,  vol.  xvi.,  p.  109. 


Fig.  444. — Operation  of  Mauclaire.  A  flap  from 
the  mastoid  region  is  transferred  to  the  chin  and 
lower  lip. 
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sequent  operation  the  flap  was  sutured  into  position  and  tlie  arm  was  held  in  a 
plaster  cast  for  about  three  weeks.  Under  local  anaesthesia  the  flap  was  grad- 
ually separated  in  order  that  the  circulation  might  not  be  completely  cut  ofl" 
at  one  time.  At  subsequent  operations  the  flap  was  trimmed  and  sutured 
accurately  into  position. 

This  operation  has  a  strong  point  in  its  favor  in  that  it  causes  no  further 
mutilation  of  any  other  part  of  the  face  or  neck.  A  very  serious  objection  to 
the  operation  is  tlie  tremendous  contraction  which  the  flap  undergoes  while 
the  grafts  are  growing,  in  tlic  interval  between  the  time  when  it  is  freed  and  the 
time  when  it  is  sutured  into  position. 

In  determining  the  type  of  plastic  operation  to  be  adopted  in  any  individual 
case,  the  factors  which  must  be  considered  are  the  extent  and  shape  of  the  loss 
of  substance  and,  more  especially,  the  necessity  for  additional  incisions  in  order 
to  reach  the  lymph  nodes  of  the  neck.  In  planning  an  operation  it  may  often  be 
possible  to  make  these  secondary  incisions  serve  the  double  purpose  of  giving 
access  to  the  triangles  of  the  neck  and  also  of  freeing  flaps  to  All  the  deficiencies. 


Fig.  445. — Esmarch's  Operation  for  Restoring  the  Red  Border  of  tlie  Mouth.  Incisions  A  E  C 
and  B  F  D  surround  tlie  mouth,  the  flaps  being  left  attached  at  the  common  pedicle  C  D.  The 
position  of  the  pedicle  would  obviously  vary  with  the  location  of  the  gap. 

One  must  also  bear  in  mind  the  possibility  of  being  obliged,  while  dissecting  out 
lymph  nodes,  to  tie  vessels  which  may  impair  the  nourishment  of  the  flaps  as 
planned. 

Certain  conditions  must  be  fulfilled  in  a  successful  cheiloplasty.  First, 
there  must  be  a  mouth  of  proper  size  which  can  be  opened  and  closed  easily. 
The  teeth  must  be  covered  and  the  lips  must  prevent  any  escape  of  saliva  or 
food  during  mastication.  The  lips  must  as  far  as  possible  be  restored  to  their 
normal  shape,  and  they  should  have  a  red  border  and  an  inner  surface  of  mucous 
membrane  throughout  at  least  a  moderate  height,  in  order  to  prevent  firm 
fixation  to  the  jaw.  Furthermore,  the  disfigurement  secondary  to  the  restora- 
tion of  the  lips  must  be  inconspicuous. 

Restoration  of  the  Mouth. — Extreme  narrowing  of  the  mouth  may  fol- 
low cicatricial  contraction  due  to  burns  or  ulcerative  processes  about  the  lijis. 
Occasionally  it  may  be  necessary  to  enlarge  the  mouth  as  a  secondary  operation 
after  the  removal  of  very  large  epitheliomata.  Oftentimes  there  may  exist  at 
one  portion  of  the  mouth  sufficient  red  border,  if  properly  treated,  to  be  utilized 
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in  ciirircliiii;  tlic  wliolo  inoutli.  Vinlcr  tlicsc  conditions  the  ends  of  the  sound 
nnirous  border  are  to  be  separated  by  incisions  reaching  to  a  central  pedicle. 
In  this  manner  the  two  ends  may  be  freed  and  united  at  a  point  opposite  the 
pcdielo.     (Fig.  44,5.) 

Where  the  opening  of  the  nioutli  is  very  small  two  lateral  incisions,  extending 
through  the  whole  thickness  of  the  cheek,  are  carried  diiectly  outward  from  the 
angles  of  the  mouth  far  enough  to  make  the  mouth  of  proper  width.  The  mucous 
membrane  is  then  sufficiently  separated  to  allow  its  being  stitched  to  the  skin 
all  around  the  new  opening.  It  may  be  wise  in  these  cases  to  cut  away,  where  it 
exists,  a  considerable  portion  of  the  sulx'utaneous  fat,  and  where  there  is  any 
superfluous  skin  it  may  be  cut  away  to  some  extent  in  order  to  bring  into  slightly 
greater  prominence  the  new  nuicous  border.  It  is  especially  important  that  the 
skin  and  mucous  membrane  be  united  at  the  angles  of  the  new  mouth.  If  pri- 
mary union  is  not  secured  at  this  point,  renewed  contraction  of  the  opening  will 
certainly  follow.  It  is  well  at  the  corner  of  the  mouth  to  divide  the  incision  in 
the  mucous  membrane  into  a  horizontal  Y,  in  order  that  the  small  triangular 
flap  thus  formed  may  be  stitched  to  the  skin  at  the  corner  of  the  mouth.  This 
procedure  is  exactly  analogous  to  that  used  in  operations  for  webbed  fingers. 
In  carrying  the  incision  outward  from  the  cheek  it  may  often  be  wise  to  make 
the  cut  through  the  mucous  membrane  at  a  level  a  trifle  higher  than  that  through 


Fig.  446. — Method  of  Restoring  to  its  Normal  Shape  the  Deformed  Corner  of  the  Mouth. 
The  flap  ABC,  which  is  left  attached  by  the  red  border  at  .4,  where  the  distortion  ceases,  and  by 
the  space  between  C  and  the  mouth,  is  transferred  to  the  slit  CD. 

the  skin,  as  thereby  a  little  more  mucous  membrane  woukl  be  brought  into  view 
on  the  lower  than  on  the  upper  lip,  and  the  normal  relations  would  be  more 
closely  imitated. 

In  certain  cases  it  is  necessary  to  restore  a  corner  of  the  mouth,  which  has 
been  distorted  by  cicatricial  contraction,  to  its  normal  shape  and  position. 
The  operation  of  choice  in  these  cases  must  depend  on  circumstances.  Where 
the  mouth  is  of  normal  size  and  is  lined  by  normal  mucous  membrane,  which, 
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however,  has  become  distorteLl  by  cicatricial  contraction  of  the  tissues  about  it, 
the  operation  of  choice  would  be  the  slitting  in  of  a  flap  to  till  the  gap  left  by  the 
excision  of  the  contracted  tissues.  More  generally,  however,  the  tissues  of  the 
borders  of  the  mouth  are  injured  as  well  as  those  of  the  lips.  Under  these 
circumstances  it  is  necessary  to  alter  the  size  and  borders  of  the  mouth  itself  by 
the  transfer  of  a  flap.  This  may  be  done  by  a  V-shaped  incision  around  the 
deformity,  combined  with  an  incision — or,  if  necessary,  a  V-shaped  excision — 
extending  out  into  the  cheek,  to  change  the  position  of  the  corner  of  the  mouth. 
(Fig.  446.) 

Eversion  of  the  red  border  of  the  lip  may  be  coi-rectetl  by  freeing  the  mucous 
membrane  by  an  incision  carried  exactly  along  the  line  where  it  joins  the  skin. 
After  the  border  of  mucous  membrane  is  thoroughly  free,  so  that  it  may  resume 
its  normal  position,  the  skin  should  be  brought  in  to  support  it.  If  no  other 
operation  seems  more  feasible,  this 
may  be  done  by  carrying  downward, 
from  the  edge  of  the  skin  below  the 
middle  of  the  gap,  two  curved  diverg- 
ing incisions.  The  central  promi- 
nence of  the  chin  lies  between  the  in- 
cisions. (Fig.  447.)  The  parts  of 
the  lip  outside  each  of  the  incisions  is 
split  Ijy  undermining  tiie  skin,  care 
being  taken  to  avoid  injury  to  the 
mucous  membrane.  The  two  flaps 
of  skin  thus  formed  are  moved  up- 
warel  and  inward  to  be  imitetl  to  each 
other  in  the  median  line  above  the 
undisturbed  prominence  of  the  chin. 
In  cases  in  which  the  ectropion  of 
the  lip  is  unilateral  only  one  flap 
need  be  raised. 

Oper.\tion  of  Serre. — In  cases 
in  which  there  is  widespread  de- 
struction about  the  corner  of  the 
mouth,  Serre  has  devised  a  method 

of  filling  the  gap  by  quadrilateral  flaps  freed  for  a  sufficient  distance  to  make 
it  possible  to  draw  them  across  the  defect.  The  extent  and  number  of  the 
incisions  made  mu.st  depend  on  circumstances.     (Fig.  448.) 

The  EyeUds. — While  most  plastic  work  upon  the  eyeHds  falls  within  the  prov- 
ince of  the  oculist,  the  sia-geon  must  nevertheless  understand  the  principles 
which  govern  the  general  procedures,  antl  very  frerjucntly  he  will  be  called  upon 
to  perform  plastic  operations  in  cases  in  which  the  external  surface  of  the  lids 


Fig.  447. — Correction  of  Eversion  of  the  Red 
Border  by  Bringing  up  Supporting  Sliin  Flaps  to 
Hold  the  Freed  Mucous  Membrane  in  Place. 
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has  been  lost  by  ulceration  or  through  the  removal  of  new  growths,  or  in  cases 
ill  wliich  the  lid  is  (h-awn  out  of  .shape  by  cicatricial  contractions  of  the  ex- 
ternal surface. 

Those  forms  of  ectropion  which  require  for  their  correction  the  resection  of 
the  conjunctiva,  correction  of  the  tarsal  cartilage,  or  shortening  of  the  edge  of 


Fig.  448. — Operation  of  Serre.  In  order  to  fill  the  defect  ABCDEF,  an  incision  D  G  is  carried 
outward  from  the  upper  border  of  the  defect  on  to  the  cheek.  A  second,  B  H ,  is  carried  inward  on  to 
tlie  chin  from  the  lower  border  of  the  defect.  Two  others  are  carried  downward,  one,  C  I,  from  the 
lower  outer  corner  of  the  gap,  and  another,  K  J ,  parallel  to,  and  as  far  in.side  of  the  first  as  the  upper 
portion  of  the  gap  is  wide  (distance  should  equal  ED). 

The  flap  from  the  outer  part  of  the  chin,  JKCI,  if  sufficiently  undermined,  may  be  drawn  upward 
to  meet  tlie  upper  border  of  tlie  defect,  DE.  The  flap  from  the  median  part  of  the  chin,  HBA,  may  be 
drawn  outward  upon  the  cheek  to  the  outer  border  of  the  gap,  CD.  The  flap  GD  C  from  the  cheek  may 
be  drawn  inward  somewhat  to  help  fill  the  gap.  If  all  of  these  incisions  prove  unnecessary,  some  may 
be  omitted. 


the  lid  belong  distinctively  to  the  oculist  and  will  not  be  discussed  here.  There 
are,  however,  many  cases  of  ectropion  which  reciuire  a  plastic  operation  upon 
the  skin  alone. 

Ectropion  due  to  cicatricial  contraction  of  the  sivin  of  the  lid  may,  in  the 
milder  cases,  be  corrected  by  very  simple  measures.  In  any  event,  however, 
all  cicatricial  tissue  must  be  removed. 

The  Operation  of  Bonnet  consists  in  making  a  transverse  slit  through  the 
skin  slightly  below  the  edge  of  the  lid,  undermining  the  edges  of  the  incision, 
and  suturing  the  wound  peri)en(licularly. 

The  Operation  of  Wharton  Jones  is  usually  to  be  preferred,  however,  to 
that  of  Bonnet,  and  in  those  cases  in  which  the  cicatricial  tissue  is  limited  in  ex- 
tent, causing  only  a  partial  ectropion,  it  is  usually  the  method  of  choice.  A  V- 
shaped  incision  is  made  immediately  below  the  cicatrix.  The  arms  of  the  V 
embrace  the  scar  and  reach  nearly  to  the  edge  of  the  lid.  The  scar  is  separated 
from  the  underlying  tissues  and  is  pushed  upward.  The  skin  at  the  outer  sides 
of  the  V  is  undermined  to  a  slight  extent.  The  incision  is  then  closed  by  sut- 
ures in  such  a  manner  that  it  is  converted  into  a  Y. 

The  Operation  of  Guerin. — Guerin  has  devised  a  more  complicated  and 
less  satisfactory  operation  for  the  correction  of  ectropion — an  operation,  however, 
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which  may  be  useful  in  exceptional  cases.  He  makes  an  incision  in  the  shape 
of  a  flattened  W.  The  ends  of  the  outer  arms  of  the  W  come  below  and  be- 
yond the  commissures  of  the  lids,  while  the  central  point  of  the.W  comes  below 
the  middle  of  the  lid.  The  skin  between  the  arms  of  the  two  V's  which  go  to 
make  up  the  W  is  undermined,  and  the  points  of  these  two  flaps  are  then  united 
just  above  the  middle  of  the  W.  Two  triangular  gaps  are  thus  formed  which 
may  be  closed  in  part  Ijj-  sutures  or  may  be  grafted  or  left  to  granulate.  The 
operation  brings  no  new  skin  into  the  lower  lid,  and,  owing  to  the  cicatrices 
which  must  result  from  the  gaps  which  are  left,  is  one  in  which  recurrence  may 
be  very  likely  to  take  place.  Other  operations  are  ordinarily  to  be  preferred 
when  the  deformity  is  so  extensive  as  not  to  be  easily  corrected  by  the  opera- 
tion of  Wharton  Jones. 

Method  of  Jaeger  and  Richet. — Jaeger  and  Richet  have  devised  a  com- 
plicated operation  which  has  little  to  commend  it.  An  incision  is  made  paraUel 
with  and  slightly  below  the  border  of  the  lid.  The  edges  of  this  incision  are 
undermined  so  that  the  border  of  the  lid  may  be  raised  into  position.  A  gap  is 
thus  formed  along  the  line  of  the  incision.  Parallel  with  and  a  little  below  it 
a  second  incision  is  made.  This  bridge  of  skin  between  the  two  incisions  is 
completely  freed  and  raised  to  meet  the  edge  of  the  lid.  The  gap  is  thus 
transferred  to  the  location  of  the  lower  incision.  This  may  be  closed  in  part 
Ijy  sutures  passed  transversely,  thus  converting  the  secondary  horizontal  gap 
into  a  T.  The  central  bridge  may,  if  too  long,  as  is  often  the  case,  be  short- 
ened by  resection  at  the  middle. 

The  Method  of  Dieffenbach. — This  method  is  intended  to  close  a  triangu- 
lar gap.  The  base  of  the  triangle  is  parallel  with  the  border  of  the  lid  and  slightly 
removed  from  it,  the  apex  being  away  from  the  border  of  the  lid.  From  each  end 
of  the  base  of  the  triangle  lateral  incisions  are  carried  outward  and  away  from  the 
lids.  The  flaps  thus  marked  out  are  undermined  and  slid  inward  to  be  united 
beneath  the  border  of  the  lid.  The  excision  of  the  cicatrix  and  the  tension  of 
the  flaps  are  intended  to  be  sufficient  to  correct  the  ectropion,  but  it  must  be 
remembered  that  no  new  skin  is  brought  in  from  beyond  the  lid  itself. 

Other  operations  intended  to  correct  ectropion  tlepcnd  for  their  success  upon 
increasing  the  tension  from  side  to  side  in  the  skin  or  through  the  whole  thickness 
of  the  lid.  They  are  applicable  chiefly  to  those  cases  in  which  the  ectropion  is 
due  to  relaxation  of  the  tissues,  but  an  understanding  of  the  principles  upon 
which  they  are  based  may  often  aid  the  surgeon  in  closing  a  defect. 

The  simplest  procedure  of  all  is  the  excision,  from  the  edge  of  the  lid,  of  a 
V-shaped  piece  including  its  whole  thickness.  A  hare-lip  pin  may  be  of  use  in 
uniting  the  edges.  When  the  excision  is  at  the  middle  of  the  lid  the  collection 
of  tears  may  interfere  with  prompt  union.  The  modification  of  von  Amnion,* 
who  makes  the  excision  at  the  outer  end  of  the  lid,  is  preferable. 

*  Zeitschrift  fiir  Augenheilkunde,  Bd.  i.,  S.  529. 
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The  Operation  of  Dieffenbach  gives  results  similar  to  tliat  of  von  Ammon. 
A  triangular  i)iccc  of  skin  is  exc-ised  directly  oiitsiile  the  outer  canthus.  The 
base  of  the  triangle  is  horizontal  and  is  dir(>ctly  continuous  with  the  outer 
commissure.  The  apex  points  downward.  The  edge  of  the  lid  is  then  cut  away 
for  the  distance  desired,  and  a  V-shaped  piece  of  mucous  membrane  is  also  ex- 
cised. The  canthus  is  divided,  and  the  skin  of  the  outer  part  of  the  lid  is  then 
drawn  outward  to  fill  the  gap  originally  made  outside  the  commissure. 

The  OrERATioN  of  Szymanowski  is  very  similar  to  that  just  described. 
The  ciliary  border  of  the  lower  lid  is  excised  for  a  distance  of  about  5  or  G  mm.  (| 
in.)  from  the  outer  canthus.  A  very  long  and  thin  triangular  fiaj)  of  skin  is  then 
excised  from  just  outside  the  outer  canthus.  The  upper  angle  of  this  denuded  area 
should  be  about  7  or  8  mm.  (f  in.)  above  the  outer  canthus,  and  the  lower  angle 
nearly  the  same  distance  below  it.  (Fig.  449.)  The  outer  end  of  the  lower  lid  is 
then  split  for  a  short  distance  inward.  The  corner  of  the  flap  thus  formed  is 
drawn  obliquely  upward  into  the  upper  angle  of  the  gap  which  has  been  formed 
to  receive  it. 

The  Operation  of  von  Graefe. — von  Graefe  has  planned  an  ingenious 
and  somewhat  similar  operation.  He  carries  an  incision  from  the  inner  to  the 
outer  canthus  along  the  free  border  of  tlie  lid.  From  either  end  of  this  line  a 
perpendicular  incision  is  made,  and  the  skin  between  these  two  incisions  is  freed 


Fig.  449. 


Fig.  430. 


Fig.  449. — The    Operation  of    Szymanowski.      The  outer  end  of  the  ciliary  border  is  excised. 
The  point  a  is  brought  up  into  the  apex  a'  of  the  triangle  excised  outside  the  outer  canthus. 
Fig.  450. — Operation  of  von  Graefe. 


to  form  a  flap.  From  either  or  both  corners  of  this  flap  a  cfuadrangular  ])iece  of 
skin  is  cut  away.  The  inner  side  of  the  quadrangle  has  a  re-entrant  angle.  (Fig. 
450.)  In  this  manner,  by  drawing  up  the  flap  to  fill  the  gap,  the  skin  of  the  lid 
is  drawn  more  tightly  transversely;  at  the  same  time,  perpendicularly  it  is  less 
tense  than  before. 

The  Oper.\tion  of  Richet  is  suitable  for  the  correction  of  ectropion  and  is 
also  available  for  filling  a  defect  near  the  outer  canthus.  Two  concentric  incis- 
ions, convex  to  the  outside,  are  carried  around  the  outer  canthus.  The  skin  be- 
tween the  two  is  excised  and  the  outer  commissure  is  freed  from  the  underlying 
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bone.  From  the  middle  of  the  outer  incision  opposite  the  canthus  an  incision  is 
carrieil  downward  and  inward,  with  a  long  sweep,  on  to  the  cheek.  From  the 
middle  of  this  cut  another  incision  is  carried  upward  and  outward.  The  two 
pointed  flaps  between  these  incisions  are  then  f recti  and  transposed  in  such  a 
manner  that  the  apex  of  the  outer  flap  is  carried  above  the  inner  to  fill  the 
gap  in  the  lower  lid.     (Fig.  451.) 

In  those  cases  in  which  the  border  of  the  lid  ami  the  conjunctival  mucous 
membrane  are  both  destroyed  it  is  often  necessary  to  resort  to  two  operations 


Fig.  451. — Operation  of  Richet.     The  gap  between  a  b'c  and  adc  may  be  filletl  by  tlie  transfer  of 
the  two  pointed  flaps  as  tlie  lettering  indicates. 


— one  intended  to  restore  the  skin  surface,  the  other  to  replace  the  mucous 
membrane. 

Various  methods  have  been  tried  for  the  restoration  of  the  mucous  mem- 
brane. The  flap  which  is  used  to  form  the  external  layer  of  skin  may  be  doubled 
upon  itself  so  as  to  make  an  inner  as  well  as  an  outer  layer.  Grafts  of  mucous 
membrane  ha\e  been  taken  with  success  from  the  vagina,  the  lip,  and  the  inner 
surface  of  the  cheek.  Thiersch  grafts  also  have  been  used  to  line  the  new  lid. 
The  conjunctiva  of  a  rabbit  has  also  been  grafted  upon  the  iimer  surface  of 
the  new  lid.  In  any  of  these  procedures  the  flaps  which  are  to  form  the  external 
surface  of  the  lid  ma^'  be  prepared  and  their  internal  surfaces  grafted  before 
they  are  brought  into  their  new  positions,  though  if  this  is  done  the  shrinkage 
of  the  flap  is  very  great.  Flaps  of  skin  may  be  folded  in  so  that  the  epidermal 
surface  will  be  toward  the  eye.  One  of  the  most  ingenious  of  the  procedures  of 
this  sort  is  the  folding  down  of  a  flap  of  skin  from  the  upper  lid  to  form  the  inner 
layer  of  the  lower  lid.  The  flap  is  left  attached  at  the  edge  of  the  upper  lid 
for  some  days  until  its  nutrition  is  well  established.  Fuchs  has  taken  a  piece 
of  skin,  together  with  a  thin  laj'er  of  cartilage  from  the  concha  of  the  ear,  to 
make  the  new  inner  lining  of  the  eyehd. 

These  various  procedures,  however,  in  which  the  reconstruction  of  the  whole 
thickness  of  the  lid  is  involved  are  so  intimately  connected  with  the  eye  itself 
that,  for  the  details  of  technicjue  in  operating  and  in  the  after-care,  the  article 
on  the  surgery  of  the  eye  must  be  consulted. 
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It  is  evident  that  iu  .ill  operations  involving  the  eyelids  it  is  of  the  utmost 
importance  to  preserve,  by  the  most  careful  dissection,  every  possible  bit  of  sound 
mucous  membrane. 

Blephar(H'lasty. — While  some  of  the  operations  thus  far  mentioned  are 
adapted  to  the  filling  of  defects  in  the  lids,  those  which  arc  to  be  described  are 
intended  primarily  to  fill  deficiencies,  although  they  are  of  com-se  equally 
available  as  aids  in  correcting  cicatricial  ectropion. 

The  operations  intended  to  restore  the  eyelid  may  Ije  divided  into  various 
groups. 

The  first  and  by  far  the  most  generally  useful  method  is  the  Indian — that 
of  transplanting  a  flap  of  skin  from  the  neighboring  parts.  In  the  early 
operations  of  this  kind  the  flap  was  left  with  a  broad  pedicle,  and  in  a  few  in- 
stances the  pedicle  was  carried  across  an  area  of  soimd  skin.  The  name  of 
Fricke*  is  usually  associated  with  the  operation;  but  it  has  been  variously 

modified,  and  adapted  to  different 
conditions,  by  Blasius,  Hasner,  De- 
nonvilliers,  Anmion  and  Langen- 
beck,  St.  John,  and  many  others. 
(Fig.  452.) 

In  most  of  the  operations  the 
flap  is  to  be  i)ractically  vertical 
when  cut.  It  should  have  the  form 
of  the  gap  to  be  filled,  but  should  be 
a  third  larger  in  size.  The  pedicle 
should  be  opposite  to  the  inner  or 
outer  canthus  and  should  immedi- 
ately adjoin  the  gap  to  be  filled. 
The  flap  may  be  taken,  according 
to  circumstances,  from  the  skin  at 
the  inner  or  at  the  outer  side  of 
the  eye,  and  may  be  either  above  or  below  the  eye.  The  subcutaneous  tis- 
sue should  be  included  in  the  flap.  When  much  cicatricial  tissue  exists  about 
the  face,  the  spot  from  which  the  flap  is  taken  may  be  modified  according  to 
the  conditions  existing.  The  temple,  the  forehead,  the  region  of  the  cheek 
bone,  the  side  of  the  nose,  have  all  been  utilizetl  for  flaps.  The  smaller  the 
pedicle  the  more  easily  the  flap  may  be  turnetl  into  its  new  position.  Langen- 
beck  especially  has  called  attention  to  this  fact  and  also  to  the  increased  ease 
of  turning  the  flap  by  curving  away  from  the  eye  the  end  of  the  incision  next 
the  pedicle.  The  flap  in  all  cases  should  be  wide  enough  to  overcorrect  slightly 
the  deformity,  because  there  is  always  some  tendency  to  contraction  of  the  flap. 

*  Fricke:  "Bildung  nener  Augenlider  nach  Zerstorung  unci  dadurch  liervorgebrachter  Aus- 
wartswendung  derselben,"  Hamburg,  1829. 


Fig.  452. — Operation  of  Fricke.  In  order  to  fill 
the  gap  ABC  the  flap  BA'B'  is  cut  from  the  tem- 
poral region.  A'  is  brought  to  A.  The  secondary 
gap  may  be  closed  at  once. 
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The  pedicle  should  be  placed  hi  such  a  maimer  that  if  it  contracts  it  will  not 
tend  to  draw  the  lid  away  from  the  eye.  Thus,  it  should  be  somewhat  toward 
the  canthus  rather  than  directly  opposite  the  gap  in  the  lid.  The  flap  should  be 
sutured  into  position  with  the  greatest  accuracy,  but  it  is  always  wise  first  to 
close  the  area  from  which  the  flap  has  been  taken.  Otherwise  suture  of  the  de- 
nutlcd  area  may  pull  upon  the  pedicle  enough  to  draw  the  litl  out  of  position. 

While  the  conditions  in  no  U\o  cases  are  exactly  alike,  and  while  in  practice 
the  condition  of  the  skin  about  the  eye  is  the  factor  which  determines  the  plan- 
ning of  the  flaps,  nevertheless  a  clear  understanding  of  certain  well-recognized 
types  of  flap  is  essential. 

Hasner's  Operation. — Hasner*  has,  in  a  similar  maimer,  taken  a  flap  from 
the  glabella  and  forehead  to  fill  a  gap  in  the  inner  part  of  the  lower  lid.  (Fig. 
453.)     Hasner  has  also  applied  the  same  principle  to  cases  in  which  the  upper 


Fig.  453.  Fig.  454. 

Fig.  453. — Hasner's  Operation.     The  tip  of  the  flap  A'  is  brought  to  the  end  of  the  defect  A. 
Fig.   454. — Hasner's   Modified  Operation.     A   forked   flap   for   reconstruction    of   the  canthus 
may  be  taken  from  the  nose  or  from  the  temporal  region. 

and  the  lower  lid  about  the  inner  or  outer  canthus  had  both  been  destroyed, 
with  the  loss  of  a  horseshoe-shaped  area.  In  this  operation  the  end  of  the 
flap  farthest  from  the  pedicle  is  divided,  so  that  when  it  is  transferred  to  its 
new  position  one  arm  v«ill  fit  into  the  upper  lid,  while  the  other  will  fit  into  the 
lower  hd.     (Fig.  454.) 

Oper.vtion  of  Blasius. — The  operation  of  Blasius  closely  resembles  that  of 
Hasner,  except  that  the  flap  is  taken  from  the  skin  covering  the  side  of  the  base 
of  the  nose  when  the  gap  to  be  filled  is  near  the  imier  conmiissure.f 

St.  John,  instead  of  taking  a  vertical  flap  from  one  side  of  the  eye,  took  his 
flap  for  the  upper  lid  from  just  below  the  lower  lid,  in  such  a  manner  that  the 
scar  would  follow  the  wrinkle  in  the  skin  at  the  edge  of  the  orbit. J 

Schaler  and  Hirschfcld  have  transferred  flaps  of  skin  from  one  eyelid  to  the 
other  in  order  to  close  small  gaps. 

*  Medicinische  Zeitung,  March,  1842. 

t"  Entwiirf  einer  anatomischen  Begriindung  der  Augenheilkunde. " 
t Trans.  Am.  Ophth.  Soc,  1893,  p.  597. 
VOL.  IV.— 43 
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Fig.  455. — Operation  of  Lan- 
dolt.  A  flap  attached  only  at  the 
two  ends  is  lowered  from  the  up- 
per to  fill  a  gap  in  the  lower  lid. 
The  attached  ends  are  divided 
only  after  the  flap  has  becomefirm- 
ly  adherent  in  its  new  situation. 

Operation  of  Monks.- 


Ori;i!.\TH)x  OF  Landolt. — Landolt  (Arch,  d' Ophthalmol.,  1885,  p.  492)  has 
devised  a  most  ingenious  operation  for  the  restoration  of  the  lower  lid  by  means 
of  the  skin  from  the  upper.  When  a  strip  along  the  whole  length  of  the  lower 
lid  is  destroyed  two  cuts  are  made  along  the  whole  length  of  the  upper  lid. 

One  is  just  above  and  parallel  with  the  lid  bor- 
der. The  second  is  not  quite  1  cm.  (f  in.) 
above  the  first.  The  ends  of  the  flaj)  thus  marked 
out  are  left  attached.  The  entire  bridge  of  skin 
is  then  separated,  together  with  the  orbicularis 
muscle,  and  is  displaced  downward,  to  form  the 
new  lower  lid.  (Fig.  455.)  The  gap  in  the  upper 
lid  is  closed  by  sutures  at  once.  At  a  later  opera- 
tion the  pedicles  of  the  flap  are  cut  across,  aiul  the 
ends  may  then  be  sutured  into  accurate  position 
at  either  canthus.  The  operation  is  unsuitable 
in  those  cases  in  which  the  defect  extends  far 
from  the  lid  border. 

■Monks  (Boston  Medical  and  Surgical  Journal,  Oct. 
20th,  1898)  has  introduced  an  entirely  new  iirinciple  in  jjlastic  surgery,  suggested 
to  him  by  a  procedure  of  Dunham. 

Monks  filled  a  defect  in  the  lower  lid  by  a  flap  taken  from  the  forehead.  The 
peculiarity  of  his  procedure  consisted  in  making  the  pedicle  include  only  the  an- 
terior branch  of  the  temporal  artery  and  vein,  with  the  surrounding  subcutaneous 
tissues.  The  flap  was  brought  into  position  by  tunnelling  under  the  skin  be- 
tween the  proximal  end  of  the  pedicle  and  the  gap  to  be  filled.  Thus  the  pedicle 
was  buried  without  making  an  external  scar.  The  incision  made  in  dissecting 
out  the  pedicle  and  the  secondary  gap  in  the  forehead  were  closed  by  sutures. 

The  second  method  of  blepharoplasty  is  the  French,  which  includes  opera- 
tions of  an  entirely  different  character.  A  flap  taken  from  adjacent  tissue  is 
slid  directly  into  the  gap  without  jumping  it  across  an  intervening  area  of  un- 
disturbed skin.  Under  most  circumstances  these  operations  are  less  satisfactory 
than  those  in  which  a  flap  with  a  pedicle  is  turned  into  the  gap.  But  in  cer- 
tain instances  the  skin  of  the  parts  immediately  adjacent  is  the  best. 

Method  of  Dieffenbach. — The  method  of  Dieffenbach  *  is  adapted  for  clos- 
ing a  triangular  gap  in  the  skin  of  the  niidtUe  of  the  lower  lid.  A  horizontal  incis- 
ion is  carried  outward  from  the  angle  of  the  defect  close  by  the  outer  commissure. 
This  is  continued  far  enough  to  obtain  a  flap  sufficientl)^  wide  to  fill  the  gap. 
The  incision  is  then  carried  downward  parallel  with  the  outer  side  of  the  defect. 
(Fig.  456.)  The  trapezoid  flap  of  skin  thus  freed  is  slid  inward  to  fill  the  gap 
in  the  lid.  ^\Tiatever  portion  of  the  gap  left  in  the  cheek  cannot  be  closed  satis- 
factorily by  sutures  should  be  covered  by  Thiersch  grafts. 

*  Caspar's  Wochenschrift,  Bd.  i.,  S.  8. 
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Szymanowski  *  modifies  the  incision  in  a  manner  which  gives  a  slightly 
wider  flap  and  at  the  same  time  renders  it  easier  to  fill  in  the  area  from  which 
the  flap  is  taken.  He  carries  the  incision  upward  and  outward  instead  of  directly 
outward.  The  contraction  of  scars  made  by  this  incision  would  have  less  tend- 
ency to  draw  the  new  lid  out  of  place. 

Arltf  niakcs  the  free  upper  edge  of  the  flap  wider  than  the  pedicle.  He  finds 
that,  by  carrying  the  lower  end  of  the  outer  incision  farther  down  upon  the 
cheek,  the  flap  may  be  turned  more  readily. 

The  chief  objection  to  these  operations  is  that  a  scar  is  left  on  a  conspicuous 
portion  of  the  face  over  the  upper  jiart  of  the  malar  bone.     In  order  to  obviate 
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s^m 


Fig.  456. 


Fig.  457. 


Fig.  4,56. — Operative  Method  of  Dieffenbach.     The  dotted  line  shows  how  Szymanowski  mod- 
ifies tile  incision. 

Fig.  457. — Operation  of  von  Siklossy.     Tlie  secondary  gap  is  transferred  to  a  point  near  tlie  ear, 

this,  von  Siklossy  has  proposed  carrying  the  original  horizontal  incision  directly 
backward,  if  need  be,  to  the  ear.  By  undermining  the  skin  below  this  incision 
it  is  indeed  possible  to  form  a  very  wide  flap,  which  can  then,  after  the  gap  has 
been  closed,  be  slid  diagonally  inward  without  any  further  cuts.  If,  however, 
the  tension  is  not  sufficiently  removed  by  this  long  incision,  it  may  be  carried 
downwai'd  just  in  front  of  the  ear.  Thus,  any  new  gap  created  may  be  con- 
cealed by  the  hair,  but  at  the  expense  of  a  long  scar.     (Fig.  457, ) 

Harl.a.n's  Method  of  Closing  the  Secondary  Gap. — Harlan  \  has  turned 
down  a  flap  from  the  temple  to  help  close  the  secondary  gap  created  by  the  slid- 


*"Handbuch  der  oper.  Chir,,"  S.  223.  fGraefe  u,  Saemisch,  Bd,  iii,,  S,  475. 

J"  System  of  Diseases  of  the  Eye,"  by  Norris  and  (~)liver,  viii.,  p.  118,  Figs.  40,  41,  and  42. 
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iiig  in  of  the  flap  in  Dieffenbach's  method.  The  advantages  of  this  second  flap 
are  that  it  brings  sound  skin  alongside  the  primary  flap  and  transfers  the  granu- 
lating area  to  a  point  above  the  canthus.     (Fig.  458.) 


Fig.  458. — Harlan's  Method  of  Closing  the  Secondary  Gap,  in  Dieffenbach's  Method.  The  sec- 
ondary gap  DCE,  made  by  sliding  in  tlie  flap  EHGF,  is  closed  by  Harlan  by  means  of  a  flap, 
ABCD,  which  is  taken  from  the  temporal  region  and  which  can  be  turned  down  on  its  pedicle, 
leaving  only  a  small  tertiary  gap  at  Z. 

Ill  ortlcr  to  fill  a  gap  in  the  inner  part  of  the  upper  lid,  Landolt  split  the 
sound  external  portion  of  the  lid  into  a  flap  of  mucous  membrane  and  a  flap 

of  skin.  The  cutaneous  flap  is  freed  from  the 
edge  of  the  lid  upward  as  far  as  the  eyebrow. 
Thus  a  flap  is  freed  which  may  be  slid  inward 
to  close  the  gap.  The  operation  is  not  to  be 
recommended.  Instead  of  bringing  tissue  from 
other  parts  to  supply  the  defect  it  mars  the 
remaining  sountl  portion  of  the  lid. 

Harlan  has  modihed  this  procedure  some- 
what by  dividing  the  flap  of  mucous  membrane 
from  the  skin  flap  more  extensively.  He  freed 
the  cutaneous  flap  to  a  point  be5'ond  the  outer 
canthus  and  upward  to  a  point  above  the  eye- 
brow. In  this  manner  much  greater  mobil- 
ity of  the  flap  was  obtained,  and  any  second- 
ary gap  that  might  remain  was  transferred 
to  a  point  well  outside  the  canthus. 

Second  Oper.\tion  of  Hasner. — When  the 
defect  is  at  the  corner  of  the  eye  and  involves 
both  lids,  the  method  of  Hasner  is  useful. 


Fig.  459. — Hasner's  Second  Opera- 
tion. Hasner's  method  of  filUng  a  gap 
at  the  inner  canthus  allows  greater  mo- 
bility of  the  borders  of  the  defect.  The 
flaps  CAF  and  EBD  may  be  slid  into 
the  defect.  If  the  tips  of  the  flaps  are 
redundant  they  maybe  trimmed  off,  as 
shown  in  the  dotted  lines  to  fi  and  G. 
Cutting  off 'the  point  of  the  upper  flap 
to  G  gives  a  straighter  new  border  to 
the  lid.  (See  Norris  and  Oliver;  ".\ 
System  of  Diseases  of  the  Eye,"  p.  119.) 
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Two  sickle-shaped  flaps  arc  formed  immediately  adjoining  the  gap.  The 
upper  incision  has  its  base  at  the  bridge  of  the  nose  and  its  tip  above  the  eye, 
while  the  conditions  are  reversed  with  the  lower  flap.  By  bringing  the  tip  of  the 
lower  flap  up  against  the  base  of  the  upper,  the  gap  is  filled.  Hasner  has 
modified  the  operation  slightly  by  shortening  the  tips  of  the  flaps.*     (Fig.  454.) 

The  Operation  of  Bl"RO^^■. — The  operation  of  Burow  involves  the  removal 
of  a  triangular  piece  of  skin  from  the  temporal  region.  The  apex  of  the  trian- 
gle is  to  be  upward,  the  base  at  the  level  of  and  just  outside  the  outer  commis- 
sure.   The  area  of  skin  excised  should  equal  the  size  of  the  gap  in  the  lower  lid 


Fig.  460. — Operation  of  Burow.      In  order  that  tlie  point  B  may  be  brought  readily  in  rontact  with 
B'  (immediately  below  the  inner  canthus),  Burow  excises  the  redundant  skin  in  the  triangle  A. 


to  be  filled.     The  skin  below  the  freshly  excised  area  is  then  undermined  and 
slid  inward.     (Fig.  460.) 

The  operation  might  be  useful  when  two  areas  of  the  lids  were  lost,  but  the 
removal  of  the  second  triangular  area,  in  order  to  allow  better  adjustment  of  the 
flap  to  fill  the  original  area,  involves  an  unnecessarj-  sacrifice  of  sound  skin. 

The  Oper.\tion  of  Kn.\pp. — In  cases  in  which  the  gap  in  the  lower  lid  is 
f  luadrangular  in  shape  Knapp  carries  two  jjarallel  horizontal  incisions  out  over  the 
cheek  fiom  the  upper  and  lower  sides  of  the  defect.  The  flaps  of  skin  Ijetween 
the  incisions  are  undermined  and  they  are  made  long  enough  to  be  drawn  in- 
ward to  fill  the  gap.  The  objection  to  the  operation  is  that  the  lateral  stretch- 
ing of  the  flap  causes  a  loss  in  its  height  and  may  consequently  make  the  amount 
of  skin  intended  for  filling  the  gaj)  somewhat  deficient.     fFig.  461.) 

♦Hasner:  "Entwurf  einer  anatomischcn  Begriindung  der  Augenheilkunde." 
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The  Italian  Method. — Under  most  unusual  circumstances  it  may  be  necessary 
to  resort  to  still  a  third  method — the  Italian.  Paid  Berger  (Congres  franpais  de 
Chirurgic,  October  9th,  1899,  p.  361)  has  described  the  technique.  The  patient 
nuist  first  be  made  gradually  accustomed  to  the  position  which  later  he  or  she 
will  have  to  occupy  for  two  weeks.  The  arm  is  so  placed  that  its  inner  side 
comes  close  to  the  outer  canthus.  The  flap  is  first  carefully  marked  oft'  on  the 
arm  and  is  then  freed  and  sutured  in  posilion.  The  pedicle  is  left  rather  Ijroad 
and  may  be  cut  across  at  the  end  of  two  weeks.  The  agony  endured  fi-om  the 
constrained  position  is  so  great  that  the  method  has  been  used  but  seldom. 


Fig.  461. — Operation    of    Knapp.     A  rectangular  flap  is  di.ssected  up  on  each  side  of  the  defect, 
and  the  two  are  then  united  so  as  to  obliterate  the  gap. 

Although  the  upper  arm  has  generally  been  used  for  the  flap,  the  constraint  is 
much  more  endurable  when  the  forearm  is  used. 

The  Indian  method  is  in  most  instances  so  very  satisfactory  and  gives  rise  to 
so  slight  a  scar  that  practically  the  only  cases  in  which  the  Italian  method  need 
be  considered  are  those  in  which  all  the  skin  about  the  upper  face  has  been  in- 
volved in  scar  tissue. 

The  use  of  '\^'olfe  grafts  in  plastic  work  upon  the  eyelids  is  mentioned  in  the 
section  on  Skin  Grafting  (p.  622). 

While,  so  long  as  the  dressing  is  in  place,  there  is  usually  no  risk  of  the  dis- 
placement of  the  flaps  due  to  opening  the  lids,  it  is  nevertheless  a  wise  precau- 
tion, in  certain  instances,  to  unite  the  upper  and  lower  lid  margins  with  two 
or  three  temporary  silk  stitches. 
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PLASTIC  SURGERY  OF  THE  NOSE. 

In  this  section  the  classical  work  of  Nelaton  and  Ombredanne — "  La  Rhino- 
plastie,"  1904 — has  been  used  with  the  greatest  freedom.  Many  of  the  illustra- 
tions are  taken  from  their  work.  The  smaller  treatise  of  Depage — "  La  Chirurgic 
Reparatrice  de  la  Face,"  1905 — has  also  been  freely  consulted  in  this  and  the 
preceding  sections. 

Loss  of  the  nose  has  in  the  past  been  due  to  many  causes.  In  India,  for  ex- 
ample, amputation  of  the  nose  was  a  common  form  of  punishment.  In  Italy 
the  noses  of  brigands  were  cut  ofT.  Among  the  Egyptians,  Greeks,  and  Romans 
this  mutilation  was  a  form  of  punishment  for  adultery;  in  the  twelfth  century 
it  was  a  penalty  for  assault  upon  women.  In  all  these  instances  the  intention 
was  to  stamp^the  victims  as  criminals  and  to  make  them  permanentlj'  repulsive. 
When  the  Danes  invadeil  England,  women  and  young  girls  cut  off  their  noses 
in  order  to  save  their  honor  by  making  themselves  hideous.  In  Germany  the 
duels  between  students  have  at  times  been  responsible  for  nasal  disfigurement. 
In  some  instances  in  personal  fights  parts  of  the  nose  have  been  bitten  or  cut  off. 
Fortiuiately,  with  the  advance  of  civilization  the  loss  of  the  nose  from  these 
causes  is  less  frequent. 

The  loss  of  the  nose  has  occurred  as  the  result  of  gangrene  during  typhoid 
fever  and  severe  confluent  smallpox.  Anthrax  and  the  Alep])o  boil  have 
destroyed  more  or  less  of  the  nose.  Gangrene  of  the  nose  may  also  follow  severe 
frost-bite.  The  chief  causes  of  destruction  are,  however,  syphilis,  tuberculosis, 
and  malignant  disease.  Fortunately,  the  treatment  of  the  last  two  diseases  by 
means  of  the  x-ray  has  diminished  the  liability  of  extensive  destruction.  The 
recognition  of  the  necessity  for  prompt  and  efficient  treatment  has  decreased 
the  ravages  of  congenital  syphilis.  Syphilis  is  most  likely  to  produce  destruc- 
tion of  the  bony  supports  of  the  nose.  Tuberculosis  and  malignant  disease 
commonly  destroy  portions  of  the  external  siu'face. 

In  order  that  the  hideous  disfigurement  due  to  the  loss  of  the  nose  might  be 
removed,  rhinoplasty  has  been  practised  for  centuries.  It  is  one  of  the  oldest 
branches  of  surgery  and,  from  the  three  different  procedures  practised  in  the 
different  countries,  the  general  methods  have  been  called  the  Indian,  the  French, 
and  the  Italian. 

As  in  any  branch  of  therapeutics  the  multiplicity  of  remedies  indicates  the 
ineffectiveness  of  all  agents,  so  the  great  number  of  rhinoplastic  operations  which 
have  been  devised  indicates  that  none  is  satisfactory.  In  fact,  no  operation  in 
plastic  surgery  offers  such  difficulties. 

The  distinguishing  characteristics  of  the  three  leading  methods  may  be 
briefly  stated  as  follows : — The  Indian  method  consists  in  taking  a  flap  from  the 
forehead  and  bringing  it  into  place  by  twisting  the  pedicle.    The  French  method 
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is  constituted  by  sliding  flaps  inward  from  adjacent  [iarts.  The  Italian  method 
is  characterized  by  the  practice  of  taking  a  flap  from  the  arm  and  suturing  it 
into  position  without  com])letely  severing  its  original  attachments  until  after  it 
has  united  sufficiently  to  be  nourished  by  its  new  attachments. 

Innumerable  modifications  of  the  original  operations  have  been  devised, 
chief  among  them  being  the  doubling  over  of  a  flap,  the  use  of  an  internal  and  an 
external  flap,  and  the  use  of  flaps  which  include  periosteum,  bone,  or  cartilage. 

The  selection  of  the  method  of  operation  must  depend  upon  the  degree  of 
destruction  of  the  nose,  upon  the  soundness  of  the  skin  of  the  surrounding  parts, 
upon  the  general  health  and  age  of  the  patient,  and  upon  the  necessity  or  desira- 
bility of  minimizing  the  scars  made  upon  the  face.  In  general,  it  may  be  stated 
that  when  the  bony  or  cartilaginous  supports  of  the  nose  are  destroyed,  any 
operation  which  brings  into  position  only  an  unsupported  flap  of  skin  will  inevi- 
tably give  an  unsatisfactory  result  as  soon  as  the  inflammatory  swelling  which 
follows  the  operation  subsides.  Double  flaps  which  employ  an  internal  and  an 
external  layer  of  skin  yield  slightly  better,  but  still  unsatisfactory,  results.  Some 
form  of  bony  or  cartilaginous  support  is  essential  if  the  contour  of  the  new  nose 
is  to  be  maintained.  Nature  tends  to  flatten  out  all  projecting  areas  of  skin  and 
subcutaneous  tissue.  This  fact,  which  helps  to  simplify  most  plastic  work,  is 
a  direct  disadvantage  in  operations  like  rhinoplasty,  where  the  attempt  is  made 
to  create  projections. 

The  Indian  Method. — The  original  Indian  operation  is  one  that  has  little  to 
commend  it,  although  the  immediate  results  may  seem  satisfactory.  The  in- 
flammatory swelling  gives  considerable  stifi'ness  to  the  nose  at  first,  but  later 
cicatricial  contraction  occurs,  the  nares  become  very  small  if  not  completely 
obliterated,  and  the  skin  loses  its  shape  and  sinks  into  a  shapeless  nmss.  In 
these  cases  the  criticism  is  true  that  rhinoplasty  has  converted  a  repugnant  into 
a  ridiculous  deformity. 

The  many  operations  performed  and  the  attempts  to  perfect  the  technique 
have,  however,  been  of  service  in  determining  the  most  useful  incisions  and  the 
best  methods  of  treating  the  pedicle,  and  in  establishing  similar  general  rules. 
They  laid  the  foundations  for  future  work.  A  thorough  understanding  of  the 
technique  is  therefore  essential. 

A  pattern  of  felt  is  first  to  be  made  of  the  proper  size  to  fill  the  defect.  Then, 
with  an  allowance  for  shrinkage  of  about  a  third,  the  shape  of  the  flap  is  marked 
out  on  the  forehead.  The  free  end  which  is  to  form  the  tip  of  the  nose  and  the 
septum  lies  at  the  edge  of  the  hair.  The  pedicle,  which  should  be  about  2  cm. 
(f  in.)  wide  and  of  about  the  same  length,  lies  between  the  inner  ends  of  the  eye- 
brows. Thus  the  arteries  on  each  side  of  the  nose  are  included  in  the  pedicle. 
The  flap  is  turned  through  one  hundred  and  eighty  degrees  to  bring  it  into  posi- 
tion.    (Fig.  462.) 

Many  variations  from  the  original  method  have  been  devised.     Some  op- 
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erators  change  the  form  of  the  pedicle,  others  the  shape  of  the  flap,  and  others 
still  the  direction  of  the  flap. 

It  is  plain  that,  as  just  described,  the  pedicle  is  turned  in  such  a  manner  that 
its  cutaneous  surface  crosses  over,  at  the  base  of  the  nose,  a  small  area  which  has 
not  been  denuded  of  skin.  Under  these  conditions  the  pedicle  must  be  cut  across 
as  soon  as  the  nutrition  of  the  flap  is  assured.  This  cut  may  be  made  at  the 
level  of  the  uppei'  edge  of  the  gap  to  be  filled.     In  that  case  any  portion  of  the 


Fig.  462. — The  Indian  Operation. 


pedicle  that  is  separated  from  the  flap  may  be  replaced  m  its  original  position. 
If  desired,  the  pedicle  may  be  severed  as  near  its  base  as  is  possible.  It  may 
then  be  unfolded  and  be  placed  over  the  glabella.  By  carrying  one  incision  at 
the  side  of  the  pedicle  downward  underneath  the  other,  the  turning  of  the  flap  is 
gi-eatly  facilitated,  but  the  nutrition  of  the  flap  may  be  impaired.  First  one  and 
then  the  other  artery  entering  the  pedicle  is  cut  ofT  if  the  incision  is  carried 
far  enough.  But  by  giving  the  ])edicle  a  slight  obliquity,  not  only  is  it  sub- 
jected to  less  torsion,  but  the  flap  need  not  be  so  long,  because  the  pedicle  can 
be  used  to  fill  a  portion  of  the  gap  in  the  nose. 

The  various  methods  in  which  the  incisions  may  be  prolonged  downward 
upon  the  nose  are  best  understood  from  the  diagrams.  (Fig.  463.)  Lisfranc  and 
Labat  have  carried  the  incision  on  one  side  down  to  or  even  across  the  base  of 
the  nose.  Dieffenbach  prolonged  one  incision  down  to  the  upper  edge  of  the 
defect.  From  this  point  a  cut  may  be  carried  down  on  each  side  of  the  defect. 
The  skin  included  between  these  cuts  may  I:ie  inverted,  or  the  area  of  skin  in- 
cluded between  them  and  about  the  edge  of  the  gap  may  be  excised.  In  all 
of  the  modifications  except  that  of  Landreau  the  pedicle  lies  between  the  eye- 
brows. Landreau  changes  the  position  of  the  whole  flap  by  making  the  pedicle 
come  from  the  midflle  of  the  forehead,  so  that  when  it  is  swung  into  position 
there  is  much  less  twisting  of  the  jiedicle. 

The  great  risk  in  this  last  method  is  that  the  nutrition  of  the  flap  may  be  im- 
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jjaircd.  The  natural  course  of  the  vessels  is  disregarded.  Furtliemiore,  a 
greater  gap  and  one  harder  to  close  is  made  in  tiie  fdrciiead.  In  the  other  opera- 
tions at  least  one  of  the  arteries  which  i-un  up,  one  on  either  side  of  the  nose,  is 


^5X>-  ^^^ 


<^% 


'^S^  ^^ 


Fig.  463. — Diagrams  Showing  the  Different  Ways  of   Making  the  Pedicle  of  the  Flap  from  the 
Forehead.      (After  N^laton  and  Ombr^danne.) 

preserved.    If  either  artery  is  cut,  the  risk  of  sloughing  is  greater  than  if  both 
are  left  as  in  the  original  method. 

After  the  flaps  have  united  in  their  new  positions  and  when  the  dressings  are 
removed,  the  pedicle  is  always  found  projecting  outward  as  a  brawny  mass  of 
skin.  In  time,  as  the  swelling  goes  down,  this  deformity  becomes  less  conspicu- 
ous. In  those  operations  in  which  the  pedicle  is  applied  directly  to  a  freshly 
denuded  surface,  in  approximately  the  position  it  will  always  occupy,  no  special 


Fig.  464. — Diagrams  Showing  Some  of  the  Various  Forms  of  Frontal  Flaps  which   have  been 

used  in  rhinopKisty. 

thought  need  be  given  to  this  matter.     Any  necessary  retouching  may  be  done 
later. 

The  modifications  in  the  shape  of  the  flaji  have  been  made  chiefly  at  the  free 
end  which  goes  to  form  the  septum,  the  tip  of  the  nose,  the  alt,  and  the  nostrils. 
In  the  original  operation  the  flap  was  oval.     In  order  to  facilitate  moulding  the 
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flap  into  its  proper  shape,  Delpech  divides  the  upper  portion  of  the  flap  into  three 
points  (Fig.  464,  a),  while  Langenbeck  divides  his  into  two  points  with  a  square 
piece  between  them  (Fig.  464,  g);  von  Graefe  makes  a  heart-shaped  flap  with 
a  square  piece  above  to  form  the  septum  (Fig.  464,  d);  Lisfrauc's  main  flap 
has  a  triangular  shape  with  a  small  square  above  it  to  form  the  septum  (Fig. 
464,  c) ;  a  second  one  of  Langenbeck's  flaps  also  has  a  triangular  shape,  but  with 
a  smaller  triangle  above  it  (Fig.  464,  h).  Labat  gives  to  the  flap  the  shape  of 
the  ace  of  spades.  (Fig.  464,  b.)  There  are  \'arious  other  modifications  in  the 
shape  of  the  flaps:  the  central  portion  may  be  triangular:  the  other  angles 
may  be  sharp  or  rountleil :  the  divisions  between  the  upper  portions  of  the  flap 


Fig.  465. — Operation  of  Nelaton  and  Ombrfdanne.  ("La  Rhinoplastie,"  1904.)  At  a  prelim- 
inary operation  a  piece  of  the  eiglith  costal  cartilage,  which  ultimately  is  to  form  a  bridge  for  the 
nose,  is  inserted  transversely  beneatli  the  skin  of  the  forehead  through  a  short  cut  on  the  side  at  the 
edge  of  the  hair.  Six  weeks  later  tlie  flaps  may  be  folded  and  turned  into  position.  In  a  the  three  in- 
ternal flaps  are  shown;  in  b  tlie  frontal  flap,  moulded  at  the  tip,  is  shown  turned  down  into  place. 

may  be  wide  or  merely  incisions,  etc.  Linhart  and  Blasius  have  divided  the 
operation  into  two  stages.  At  the  first  stage  they  fold  over  those  portions  of 
the  flap  which  form  the  alse,  and  double  in  the  part  which  forms  the  cohmina;  at 
the  second  operation  they  turn  down  the  whole  into  position.  The  procedure 
offers  no  special  advantages.     (Fig.  464,  i.) 

The  method  which  is  characterized  by  taking  a  longer  flap  and  folding  over 
the  entire  tip  to  form  an  internal  surface,  has  no  special  advantages.  Nothing 
is  to  be  gained,  either,  except  in  special  cases,  by  taking  two  smaller  rather  than 
one  large  flap  from  the  forehead.      (Fig.  464,  /  and  7n.) 

Innumerable  methods,  which  it  is  not  necessary  to  describe  in  detail,  have 
been  devised  for  utilizing  double  flaps :  one  to  be  folded  in  to  form  an  inner  sur- 
face for  the  new  nose,  while  the  other  is  turned  or  tlra\\n  into  position  to  cover 
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tlic  first.  The  method  of  Koenig  may  br  incntioned  because  he  took  both  flaps 
from  the  forehead.  The  internal  one  lie  cut-  as  a  long  narrow  strij)  from  tiie 
median  line  and  folded  it  down  into  position,  while  he  turned  down  the  external 
flap  from  the  side  of  the  forehead. 

Nelaton  and  Ombredanne,*  in  what  they  recommend  as  the  method  of  choice, 
form  an  inner  surface  of  the  new  nose  by  folding  in  three  flaps;  one  folded  down 
from  the  glabella,  and  one  on  each  side  folded  inward.  These  they  cover  with  a 
flap  cut  from  across  the  forehead,  beneath  which  flap  a  piece  of  the  eighth  cos- 
tal cartilage  has  been  previously  inserted.  The  operation  is  in  all  essential 
respects  the  same  as  that  which  they  recommend  for  the  correction  of  saddle 
nose.  The  direction  of  the  flap  is  changed  in  order  to  gain  length  sufficient  to 
allow  some  infolding  of  the  lower  end,  which  is  to  serve  as  a  lining  for  the  new 
nostrils.     (Fig.  465.) 

At  best,  the  Indian  operations  prcjduce  terrible  scars  upon  the  forehead. 
In  most  cases  the  larger  exposed  areas  which  are  left  may  best  be  covered  by 
Thiersch  grafts.    Attempts  have  been  made,  however,  to  minimize  the  size  of 
the  gap  by  lateral  incisions  extending  outward  from  the  upper  border  of  the  de- 
fect along  the  border  of  the  hair.  Thus, 
two  lateral  flaps    are  formed    which 
may  be  approximated.     (Fig.  466.) 

The  French  Method.— In  attempt- 
ing to  buikl  up  an  entirely  new  nose  the 
method  of  using  flaps  drawn  in  from  the 
cheeks  is  absolutely  useless.  The  meth- 
od of  folding  or  turning  in  flaps  in  cases 
in  which  the  loss  is  partial  yields  excel- 
lent results.  In  those  operations  which 
have  been  done  to  construct  an  entire 
nose  in  this  manner,  attempts  have  been 
made  to  secure  the  flaps  in  their  new 
position  in  one  of  two  ways: — either  the  outer  border  of  the  flap  may  be  secured 
to  the  superior  maxillary  bone  or  periosteum  at  the  side  of  the  nose,  or  else  the 
flap  may  be  jumped  across  undisturbed  skin  and  underlying  tissues  at  the  side 
of  the  nose.  But  even  under  these  conditions  flaps  of  skin  not  held  forward  by 
firm  support  must  sink  into  a  .shapeless  mass.  Nevertheless,  Serre,  Nelaton, 
Hueter,  and  Syme  have  described  operations  by  which  flaps  taken  from  the 
cheeks  just  outside  nasal  defects  have  been  slid  inward  to  make  a  new  nose. 
In  all  of  these  instances  the  pedicles  of  the  flaps  have  been  above,  at  the  base  of 
the  nose.  The  flaps  have  been  united  in  each  case  in  the  median  line.  In 
operations  of  this  nature,  however,  in  which  both  external  and  internal  flaps 
are  used,  the  French  method  may  be  of  greatest  value. 

*  "La  Rhinoplastie,"  p.  188. 


Fig.  466. — Method  of  Approximating  Edges 
of  Gap  Left  after  Turning  Down  a  Flap  from 
the  Forehead. 
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The  procedure  of  Blasius  may  be  mentioned  here,  as  in  it  flajis  are  taken 
from  the  cheek,  which,  instead  of  being  turned  or  slid  into  their  new  position, 
are  folded  in  so  that  the  raw  surfaces  are  exposed.  Then  the  skin  becomes 
the  lining  foi-  the  new  nose,  the  outer  covering  of  which  must  be  provided  for  in 
other  ways.  The  operation,  however,  is  not  to  be  recommended  when  there  is 
any  extensive  loss  of  bony  support. 

Many  operations  have  been  performed  in  which  one  set  of  flaps  was  taken 
from  the  cheek  and  the  other  from  the  forehead.  One  of  the  earliest  was  that  of 
Verneuil,  who  folded  down  a  frontal  flap  to  form  the  inner  surface  of  the  nose, 
and  who  then  slid  forward,  outside  of  this,  flaps  from  each  side  of  the  cheek, 
which  were  stitched  together  in  the  median  line.  A  nose  so  formed,  however, 
must  necessarily  be  shapeless  and  unsatisfactory. 

Much  more  rational  is  the  method  of  Thiersch,  who  folded  in  a  flap  from 
each  cheek  toward  the  median  line.  Thus  the  inner  surface  of  the  nose  was 
formed.  A  flap  was  then  turned  down  from  the  forehead  to  cover  the  outside 
of  these  flaps.  By  making  the  first  flaps  long  enough,  the  outer  ends  may  be 
folded  backward  in  the  median  line,  raw  surface  to  raw  surface,  to  form  a  new 
septum.  The  cutaneous  surface  of 
these  flaps  would  thus  line  the  entire 
anterior  and  inner  walls  of  the  nasal 
cavity  as  far  back  as  the  septum 
was  destroyed. 

If  elf  erich  *  has  folded  a  flap  in 
from  one  cheek,  and  has  covered 
the  outer  raw  surface  with  a  flap 
turned  in  from  the  opposite  cheek. 
(Fig.  467.)  The  pedicle  of  the  first 
flap  was  at  the  side  of  the  nose. 
That  of  the  second  was  above,  be- 
tween the  eye  and  base  of  the  nose. 
In  this  operation  no  provision  is  made  for  a  septum.  The  external  flap  cannot 
be  made  to  cover  accurately  and  completely  the  raw  surface  of  the  internal 
flap.  In  case  any  rudimentary  ala  remains  on  the  side  from  which  the  internal 
flap  is  taken,  the  flap  at  first  must  of  necessity  be  folded  around  outside  of  it. 
At  a  secondary  operation  the  pedicle  of  this  flap  may  be  cut  across  and  the 
free  edge  pushed  forward  to  be  sutured  to  the  renmants  of  the  ala,  the  nose 
thus  gaining  in  symmetry  and  in  size. 

Keegan  fokled  down  two  flaps  from  each  side  of  the  base  of  the  nose,  and 
covered  their  anterior  raw  surfaces  with  a  frontal  flap.  The  diagrams  further 
on  illustrate  many  of  the  various  procedures. 

The  Italian  Method. — The  Italian  operation  is  one  which  presents  certain 
*  Gesellschaft  f.  Chir.,  1888,  Bd.  xviii.,  S.  108. 


Fig.  467. — Operation  of  Helferieh.  A  flap  from 
one  cheek  is  folded  in  to  fonn  the  inner  layer.  It  is 
covered  by  a  flap  from  tlie  otlier  cheelc. 
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distinct  advantages  and  in  solcpted  cases  is  the  most  satisfactory.  A  flap  is 
transferred,  in  two  or  more  stages,  from  some  part  of  the  arm  or  forearm.  No 
scar  is  made  upon  the  check  or  forehead.  The  method,  however,  is  one  which 
entails  considerable  suffering  on  the  part  of  the  patient,  owing  to  the  awkward 
and  strained  position  in  which  the  arm  luust  be  fastened  foi'  a  fortnight.  Fur- 
thermore the  wound  must,  fioni  its  location,  become  more  or  less  foul  and 
offensive.  There  is  also  a  certain  amoimt  of  risk  that  an  embolism  may  oc- 
cur when  the  arm  is  set  free.  This  is  secondary  to  venous  thrombosis,  due  to 
more  or  less  infection  and  also  in  some  measure  to  the  interference  with  the  cir- 
culation in  the  constrained  arm.  Although  previously  described,  the  operation 
is  associated  with  the  name  of  Tagliacozzi,  in  part  on  account  of  the  apparatus 
which  he  devised  for  securing  the  arm  to  the  head.  This  apparatus  consisted  of 
a  canvas  cap  covering  the  whole  of  the  top,  back,  and  sides  of  the  head.  Holes 
were  cut  out  for  the  ears.  The  cap  extended  down  the  neck  where  it  was  joined 
to  a  camisole  which  fitted  snugly  about  the  chest,  but  allowed  free  movement 
of  the  arms.  Fastened  to  the  camisole  on  the  side  on  which  the  fla])  from  the 
arm  was  to  be  taken  was  a  cloth  gutter  which  extended  forward  in  such  a  way 
as  to  fit  below  the  arm  when  it  was  raised  and  flexed  so  that  the  fingers  might 
grasp  the  back  of  the  head.  From  the  vicinity  of  the  bend  of  the  elbow  two 
cloth  bands  extended  back  on  each  side,  one  of  each  set  being  fastened  to  the 
side  of  the  cap,  the  other  to  the  camisole.  A  continuation  of  the  gutter  ex- 
tended onward  along  the  back  of  the  forearm  to  the  wrist,  where  it  broadened 
out  in  such  a  manner  as  to  fasten  the  wrist  to  the  top  of  the  head.  Thus  the 
arm  was  fixed  so  that  its  anterior  surface  lay  close  in  front  of  the  face  and  so  that 
the  spread  fingers  grasped  the  back  of  the  head. 

Berger  modified  somewhat  the  position  in  which  the  arm  was  fixed,  by  rais- 
ing it  higher  and  rotating  it  in  such  a  manner  that  the  forearm  lay  oblit^uely 
across  the  front  of  the  head.  The  upper  arm  lay  a  little  to  one  side  of  the  middle 
of  the  face  and  the  head  was  turned  a  little  toward  it  to  luring  the  nose  into  posi- 
tion. There  was  no  essential  difference  between  the  two  methods  as  regards  the 
manner  of  attaching  the  flap. 

With  the  introduction  of  plaster  of  Paris  the  various  forms  of  specially 
constructed  apparatus  have  been  practically  supplanted.  The  plaster  bandage 
should  encircle  the  chest  below  the  arms,  extend  upward  at  the  back  and  sides 
of  the  neck,  and  cover  the  entire  scalp  and  forehead.  The  ears  need  not  be  in- 
cluded, nor  need  the  plaster  extend  over  the  shoulders  in  front.  Greater  strength 
may  be  gained  by  incorporating  within  the  bandage  a  metal  strip,  curved  so  as 
to  extend  in  the  median  line  from  the  forehead  backward  across  the  top  of  the 
head  and  downward  along  the  neck  and  back  to  the  bottom  of  the  plaster. 
The  padding  should  be  of  such  a  nature  that  it  does  not  slip  out  of  place  or 
become  matted.  Relatively  thin  felt,  pieces  of  Canton  flannel,  and  glazed 
sheet  wadding  are  the  best  materials.     If  the   plaster  bandages  are  laid  on 
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smoothly,  an  ordinary  knit  untlcrvest  \Yithout  seams  or  buttons  makes  a 
most  satisfactory  padding  for  the  chest,  provided  it  be  properly  reenforced  by 
extra  padding  in  those  places  on!}-  in  which  pressure  is  likely  to  do  harm.  The 
head  may  be  covered  with  Canton  flannel.  Padding  may  be  needed  about  the 
occiput  and  mastoid  processes  and  to  a  less  extent  on  the  parietal  and  frontal 
prominences.  The  head  should  be  flexed  and  turned  a  little  toward  the  side 
from  which  the  flap  is  to  Ije  taken.  The  part  of  the  plaster  cast  which  includes 
the  head,  neck,  and  chest,  may  be  made  removable  by  spUtting  it  across  the  front 
of  the  chest  and  holding  it  in  place  with  straps.  It  should  be  applied  at  the 
latest  on  the  day  before  the  operation,  in  order  that  it  may  be  thoroughly  hard. 
It  may  well  be  worn  at  times  during  several  days  in  order  that  the  patient  may 


Fig.  468. — Methods  of  Flap  Formation  by  Utilization  of  the  Arm.  (After  N^laton  and  Ombr#- 
danne.)  a,  Flap  of  Tagliacozzi.  Both  ends  are  at  first  left  attached,  and  a  strip  of  gauze  is  passed 
beneath.  Later,  one  end  is  cut  free  and  fastened  to  the  nose ;  b,  flap  of  von  Graefe ;  c  and  d,  flap 
of  DiefTenbach.  At  the  first  step  both  ends  are  left  attached  and  the  flap  is  folded  on  itself.  At 
a  later  stage  one  end  is  cut  free  and  fastened  to  the  nose. 


become  accustomed  to  it.  ^^'hen  the  flap  is  in  position,  and  with  the  patient 
fully  anaesthetized,  the  arm  is  fixed  by  strips  of  plaster  bandage  applied  across 
the  back  of  the  arm  and  forearm.  Each  strip  should  extend  from  the  hand, 
which  is  fixed  to  the  head,  along  the  forearm  and  arm  to  the  back  of  the  chest. 
The  fingers  may  be  left  free.  Strips  of  plaster  bandage  must  also  I  le  applied  a  t 
the  outer  side  of  the  flexed  arm  to  prevent  motion  of  the  elbow  from  side  to 
side.     Particular  pains  should  be  taken  to  avoid  pressure  on  the  tip  of  the  elbow. 

Depage  has  had  satisfactory  results  from  using  ordinary  bandages  without 
special  aj^paratus  of  any  sort. 

In  the  original  Italian  operation  a  flap  was  taken  from  the  anterior  surface 
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of  tlic  upper  arm  over  the  IwUy  of  tlie  l)icep.s.  The  broad  pedicle  of  the  flap 
lay  about  an  inch  and  a  half  above  the  bend  of  the  elbows.  The  narrower  upper 
end,  which  was  sutured  to  the  root  of  the  nose,  lay  well  up  on  the  arm.  The 
broad  pedicle  when  cut  across  was  moulded  into  shape  to  form  the  septum  and 
the  two  ala^,  together  with  a  lining  for  the  nostrils.  This  may  be  facilitated  by 
splitting  the  broad  end  into  three  jiarts.  In  all  the  modifications  of  this 
method  the  pedicle  is  used  to  form  the  lower  jiart  of  the  nose.     (Fig.  468.) 

Von  Graefe  and  Dieffenbach  have  modified  somewhat  the  shape  of  the  flap. 
They  made  a  longer  and  narrower  pedicle  resembling  the  handle  of  a  shovel. 
This  longer,  narrower  pedicle  obviously  impairs  the  nutrition,  ])ut  allows  greater 


Fig.  469. 


-The  Operation  of  Fabrizi.     The  flap  is  taken  from  tlie  arm  close    to  the   bend    of 

the  elbow. 


freedom  in  moving  the  flap  and  may  be  very  useful  in  cases  in  which  the  ate 
are  not  destroyed,  but  in  which  the  lower  septum  is  lacking.  Dieffenbach  freed 
only  one  side  of  a  long  pedicle  at  first,  thus  insuring  better  nutrition  of  the  flap 
while  at  the  same  time  gaining  something  in  mobility. 

The  Operation  of  Fabrizi. — Fabrizi  *  has  taken  a  flap  from  the  anterior 
and  outer  lower  part  of  the  upper  arm.  (Fig.  469.)  He  fixed  the  arm  with  the 
elbow  in  front  of  the  chin  and  with  the  hand  placed  on  the  opposite  shoulder; 
the  head,  as  a  matter  of  course,  was  flexed  in  order  to  bring  the  nose  near  the 
elbow. 

The  Operation  of  Steinthal. — Steinthal  f  has  devised  an  operation  which 
involves  a  double  transfer  of  a  flap  from  the  front  of  the  chest.  The  flap  is  first 
attached  to  the  radial  side  of  the  forearm  just  above  the  wrist.  (Fig.  470,  a.)  The 
second  step  is  taken  when  the  union  between  the  flap  and  the  forearm  is  suffi- 
cient to  insure  the  nutrition  of  the  flap.     It  includes  the  seijaration  of  the  flap 

♦Gazette  des  Hopitaux,  1841,  p.  429.       fBeitrage  zur  klin.  Chirurgie,  1901,  xxix.,  S.  485. 
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and  the  immediate  suture  of  the  free  end  to  the  Ixase  of  the  nose.     The  hand  is 
fastened  to  the  head,  with  the  palm  on  the  forehead.     (Fig.  470,  6.) 

Methods  of  Israel  and  of  Kuester. — Israel  *  and  Kuester  j  have  utilized 
a  flap  from  the  upper  arm\\ith  the  cutaneous  surface  turned  inward.   (Fig.  471.) 


Fig.  470. — The  Operation  of  Steinthal.  a,  First  step:  attachment  of  tlie  flap  from  the  chest 
to  tlie  radial  side  of  the  forearm  preparatory  to  its  transfer  to  tlie  nose;  b,  second  step:  detachment 
of  the  chest  flap  from  tlie  arm  and  reattachment  to  the  nose. 

The  position  in  which  the  arm   is  attachctl   is  exactly  as  it  is  in  the  original 
Italian  operation,  but,  by  having  the  pedicle  above  instead  of  below,  the  position 

of  the  flap  is  exactly  reversed.  The 
raw  surface  must,  of  course,  be  cov- 
ered later  by  an  anterior  flap  taken 
from  any  desired  point. 

Israeli  has  also  devised  an  in- 
genious application  of  the  Italian 
method,  in  accordance  with  which  a 
flap  may  be  taken  from  the  lower 
part  of  the  ulnar  side  of  the  fore- 
arm. (Fig.  472.)  In  this  operation 
a  portion  of  the  ulna  is  included  to 
give  bony  support.  The  pedicle  of 
the  flap  is  toward  the  elbow;  and  the 
free  end,  which  is  attached  at  the  base 
of  the  nose,  is  taken  from  just  above 
the  wrist.  The  pedicle  curves  some- 
what toward  the  posterior  surface  of  the  forearm. 

*  Gesellschaft  f.  Chir.,  1895,  xxiv.,  137.  f  Arch.  f.  klin.  Chir.,  1S94,  xlviii.,  179. 

t  Arch.  f.  klin.  Chir.,  1896,  liii.,  255. 
voi^.  IV. —44 


Fig.  471. — Kuester's  Operation.  A  flap  is  ta- 
ken from  the  upper  arm,  with  the  cutaneous 
surface  turned  inward. 
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^^'hell  the  flap  is  taken  from  the  forearm  the  maintenance  of  the  position  is 
much  less  irtcsome  than  when  it  is  talceu  from  the  upper  arm.  On  the  other 
luuul,  the  slvin  of  the  forearm  i.s  thinner  and  has  less  subcutaneous  fat  than  the 
skin  of  the  upper  arm,  and  therefore  shrinks  more.  Most  hberal  allowance  should 
in  any  case  be  made  for  slu'inkage,  in  order  to  avoid  tension  not  only  on  the 


Fig.  472. — Operation  of  Israel.  The  flap  ABC  DEF  is  cut  from  the  ulnar  side  of  the  forearm. 
Tlie  pedicle  A  F  is  a  Httle  toward  tlie  back  of  the  forearm.  A  portion  of  the  ulna  is  chiselled  off 
and  included  in  the  flap  GH,  thus  giving  support  to  the  skin. 

flaps,  but  also,  and  more  particularly,  on  the  pedicle.  It  is  also  important  to 
allow  for  shrinkage  if  we  wish  to  secure  good  alse  and  a  good  columna. 

The  plan  of  utilizing  a  finger  to  form  a  new  nose  may,  notwithstanding  cer- 
tain differences  between  the  two,  be  regarded  as  a  modification  of  the  Italian 
method. 

James  Hardie,*  in  1875,  first  used  a  finger  in  reconstructing  a  nose.  He 
split  the  skin  longitudinally  along  the  palmar  surface.  At  the  base  of  this  in- 
cision he  made  transverse  cuts.  Two  lateral  flaps  were  thus  reflectetl  and  sut- 
ured to  the  margins  of  an  incision  made  in  the  median  line  of  the  nose,  after  the 
finger  had  been  placed  inside  the  nose.  This  fir.st  operation  was  done  for  the 
purpose  of  correcting  a  saddle  nose.  The  operation  was  not  entirely  successful, 
but  since  then  similar  operations  have  been  performed  by  various  operators  mth 
success. 

Vredena,t  in  1902,  modified  Hardie's  operation  by  utilizing  the  proximal 
phalanx  as  a  coknnna. 

*  Brit.  Med.  Jour.,  1875,  ii.,  p.  393.  t  Russk.  Vrach,  1902,  1,  717. 
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In  these  operations  the  finger  was  implanted  into  a  gap  in  front  of  the  nasal 
cavity. 

Finneyjf  in  1907,  described  a  new  method  of  utilizing  a  finger  by  inserting 

it  within  the  nose,  underneath  the  skin  which  had  been  previously  raised  and  ^^>^  -> 

refreshed  on  the  under  surface  without  eternal  incision.     He  used  the  ring  finger  ^jj^^^c-*^'''^ 

of  the  left  hand.     The  nail  and  matrix  were  completely  removed  and  the  dor-  X^sj^^^ ' 

siun  of  the  finger,  as  far  as  the  distal  end  of  the  first  phalanx,  was  denuded  of  Vjj^ 

skin.     The  skin  from  the  entire  tip  of  the  finger  was  also  removed,  leaving  ^     \i,    ^ 

the  distal  phalanx  partially  exposed.     The  retracted  antl  deformed  skin  cover-  Cv.' 

ing  the  nose  was  gradually  freed  from  its  attachments  below  without  making  -i  Lc  -V-^ 

any  external  incision.     It  was  stretched  forward  by  inserting  a  bhmt  instru-  )y^^ 

ment  within  the  nose.     The  upper  part  was  freed  from  the  nasal  process  of  the  fj^jy^\ 

frontal  bone,  and  the  inner  surface  of  the  skin  covering  the  front  of  the  nose  was  ^  a,e>>^^ 

denuded  along  the  middle  line.     In  order  that  the  raw  surfaces  might  lie  in  con-  a      y^)?-*" 

tact  with  the  raw  surfaces  on  the  back  of  the  finger,  the  tip  was  pushed  within  V^  tvi  it/ 

the  nose  until  it  rested  on  the  nasal  process  of  the  frontal  bone.     It  was  held  in  V^  i-_ 

place  by  sutures  at  the  lower  border  of  the  nose.     The  finger  was  then  fixed  >^^-'^ 

i  A.  \ 

in  position  by  strips  of  adhesive  plaster  and  by  plaster-of-Paris  bandages.    At  }\JoJ^  " 
the  end  of  two  weeks  the  finger  was  cut  off  at  the  metacarpo-phalangeal  joint; 
at  the  end  of  another  week  the  skin  over  the  nasal  spine  of  the  superior  maxilla 
was  split,  and  the  projecting  proximal  phalanx  was  flexed  and  its  base  inserted 
into  the  hole  made.     Thus  a  new  columna  was  formed. 


Replacement  of  the  Nose. 

There  have  been  several  authenticated  instances  of  replacement  of  the  nose 
after  it  had  been  completely  severed.  Cases  have  been  reported  of  replacement 
after  the  nose  has  been  cut  off  as  a  form  of  punishment  and  after  it  has  been 
severed  in  battle  or  in  duels.  Under  circumstances  in  which  such  a  course  is 
possible  the  attempt  should  always  lie  made  to  replace  a  severed  nose,  as  every- 
thing is  to  be  gained  and  nothing  lost  by  the  attempt. 

There  have  also  been  numerous  instances  in  which  noses  have  been  trans- 
planted. Usualty  the  nose  was  taken  from  an  unfortunate  slave,  although 
there  are  instances  in  which  brigands  have  robbed  of  his  nose  the  first  traveller 
whom  they  met,  in  order  to  replace  the  lost  member  of  one  of  their  company, 
which  had  been  cut  off  as  a  punishment. 

Myer,  in  1881,  completely  detached  a  piece  of  skin  from  the  forearm  and 
transplanted  it  to  form  a  new  nose.  Krause  has  similarly  used  pieces  of  de- 
tached skin  to  cover  infolded  flaps.  The  use  of  a  piece  of  the  ear  to  form  a  new 
ala  is  mentioned  in  the  section  on  that  subject. 

♦Surgery,  Gynecology,  and  Obstetrics,  vol.  v.,  p.  23. 
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Organic  and  Inoruantc  Suitorts. 

Many  methods  of  pioviclin}^  organic  snjiport  for  the  new  nose  are  mentioned 
in  the  detailed  descriptions  of  the  various  operations.  Oilier,  in  ISod,  included 
with  the  flaps  taken  from  the  forehead  a  piece  of  periosteum.  In  some  instances 
this  has  proved  very  satisfactory.  Sufficient  new  bone  has  been  formed  from 
the  transferred  periosteum  to  give  support  to  the  flaps.  On  the  other  hand, 
in  many  cases  the  periosteal  flap  has  proved  useless,  while  in  some  instances  the 
baring  of  the  frontal  bone  has  caused  necrosis.  In  general,  if  support  is  to  be 
taken  from  the  frontal  bone  at  all,  it  is  wiser  to  remove  a  piece  of  the  outer  table 
rather  than  trust  to  the  chance  of  new  bone  formation  from  periosteum. 

The  bone  flaps  have  been  cut  in  various  ways.  Koenig  chiselled  off  a  long 
narrow  vertical  strip  with  the  overlying  pericsteum  and  skin,  folded  it  down, 
and  covered  the  whole  with  another  flap  turned  down  from  the  side  of  the  fore- 
head. Rotter  folded  down  a  mucli  broailer  piece  of  bone,  whicli  was  then  split 
into  three  parts  by  two  vertical  cuts,  for  the  purjjose  of  forming  the  back  and 
sides  of  the  new  nose.  In  order  to  prevent  detachment  of  the  overlying  tissues 
fiom  the  bone,  von  Hacker,  after  marking  out  a  flap  on  the  forehead,  drove  two 
parallel  rows  of  pins  through  the  skin  into  the  bone,  one  on  each  side  of  the 
median  line  of  the  flai>.  The  superficial  parts  of  the  flap  were  next  reflected  up 
to  the  pins.     The  portion  between  the  pins  was  then  chiselled  off. 

The  method  by  which  a  piece  of  the  frontal  bone  may  be  sawed  off  is 
shown  in  the  description  of  Nelaton's  operation  for  re])airing  the  loss  of  the 
lower  part  of  the  nose.     (Fig.  485.) 

If  the  bone  flap  is  made  long  enough  the  lower  end  of  it  may,  after  it  is  placed 
in  position,  be  broken  off  and  bent  backward  to  give  firm  support  to  the  lower 
part  of  the  septum. 

Beside  the  pieces  which  have  been  chiselled  from  the  frontal  bone,  other 
sources  have  been  utilized  for  furnishing  the  desired  support.  Such  are,  for 
example,  ]:)ieces  taken  from  the  tibia,  pieces  of  costal  cartilage,  pieces  of  a  meta- 
tarsal bone,  the  phalanges  of  a  finger,  pieces  of  the  frontal  bone  of  a  rabbit,  etc. 

Numerous  forms  of  removable  supports  have  been  used.  Gutta  percha, 
celluloid,  silver,  gold,  hard  rubber,  and  amber  are  among  the  materials.  Such 
removable  supports,  however,  are  not,  as  a  general  thing,  to  be  recommended. 
When  it  is  decitled  to  introduce  an  inorganic  support  that  is  intended  to  remain 
permanently  in  place,  the  form  should  vary  with  the  necessities  of  the  case.  In 
cases  of  saddle  nose,  for  example,  a  simple  straight  support  may  be  introduced, 
but  it  should  always  be  borne  in  mind  that  unless  the  tip  of  the  nose  be  supported 
it  may  soon  become  flattened  out  by  the  pressure  put  upon  it.  Therefore  in 
any  case  a  support  is  to  be  preferred  which  has  at  least  three  points  for  bracing — 
one  at  the  end  of  the  nasal  bone,  and  the  other  two  upon  the  maxillary  bones 
just  outside  the  nares.     There  may  be  an  additional  point  resting  against  the 
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upper  part  of  the  maxillary  bone  at  the  base  of  the  septum.  If  a  support  for 
the  entire  nose  is  necessary,  narrow  bands  of  silver  or  platinum,  joined  in  the 
form  of  a  cross,  will  be  found  to  answer  the  purjiose  best.  One  arm  of  the  cross, 
twice  as  long  as  either  of  the  other  three,  is  straight.  The  others  curve  sharply 
backward  from  the  point  of  union.  At  the  four  ends  of  the  cioss  small  points 
should  be  fastened  which  may  be  sunk  into  the  bony  skeleton  of  the  nose.  The 
three  short  arms  of  the  cross  go,  one  through  the  septum,  the  other  two  through 
the  alse.     The  long  arm  goes  up  to  the  nasal  bone. 

Very  many  methods  of  insertion  of  a  support  have  been  used.  It  need  only 
be  said  that  the  cavity  into  which  the  support  is  to  be  inserted  must  be  dry  and 
free  from  blood.  It  must  be  comjiletcly  shut  off  from  the  nasal  cavity  behind 
and  from  the  external  air  in  front.  If  possible,  no  line  of  sutures  should  directly 
overlie  the  foreign  botly.  Thus,  the  smaller  the  openings  made  the  better,  and 
the  more  complicated  the  operation  the  greater  the  chance  of  failure.  Inmiediate 
failure  is  due  usually  to  suppuration,  in  which  case  healing  is  practically  im- 
possible while  the  foreign  body  remains.  Ultimate  failure  is  due  usually  either 
to  undue  tension  of  the  flaps,  which  leads  to  the  formation  of  sloughs,  or  to 
accidental  displacement  of  the  support. 

In  view  of  the  fact  that  failure  of  an  attempt  to  insert  permanent  inorganic 
support  may  render  other  operations  more  difficult,  the  method  now  under 
consideration  is  one  to  be  adopted  only  after  most  careful  consideration. 

Restoration  of  the  Al.^. 

In  determining  the  best  method  of  procedure  to  adopt  in  restoring  an  ala 
much  depends  upon  the  degree  of  destruction.  The  operation  is  gi'eatly  sim- 
])lified  if  only  a  small  remnant  of  projecting  cartilage  remains  at  the  outer 
border  of  the  nostril  from  which  a  flap  may  gain  support.  Under  such  condi- 
tions the  tendency  to  cicatricial  contraction  of  the  nostril  is  greatly  diminished 
and  it  is  easy  so  to  'pLn  the  operation  as  to  give  proper  form  to  the  outer 
edge  of  the  ala. 

In  many  of  the  minor  defects  of  the  ala  it  may  be  possible  to  turn  into  the 
gap  to  be  filled  an  edge  of  the  existing  defect.  In  those  instances  in  which  the 
border  of  the  defect  is  of  proper  shape  and  thickness  and  contains  cartilage 
completely  covered  by  well-nourished  skin  and  mucous  membrane,  such  an 
operation  is  most  desirable.  In  this  manner  the  new  border  of  the  ala — a  point 
of  the  greatest  importance — may  be  at  once  established. 

In  turning  into  the  gap  a  flap  which  includes  the  whole  thickness  of  the  side 
of  the  nose  there  is  produced  a  secondary  defect  which  may  be  closed,  according 
to  its  size  and  location,  either  by  drawing  together  its  borders  or  by  folding  or 
turning  in  flaps  from  neighboring  parts.  Obviously  the  thickness  of  the  flaps 
at  a  point  away  from  the  free  border  of  the  nostril  is  of  minor  importance.     So 
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also  it  is  not  important  whether  the  Haps  which  fill  a  secondary  gap  in  the  side  of 
the  nose  do  or  do  not  contain  cartilage.  Cicatricial  contraction  will  occur  in  the 
flap  if  no  iirovision  is  made  for  an  internal  surface,  and  if  this  cicatricial  contrac- 
tion is  extensive  it  will  draw  the  free  border  of  the  nostril  out  of  shape,  but,  in 
the  milder  cases,  the  likelihood  of  great  deformity  from  this  cause  is  slight. 

Operation  of  Denonvilliers. — Numerous  operations  have  been  performed 
which  fill  the  gap  by  means  of  skin  taken  from  the  nose  itself.  Denonvilliers* 
slid  a  flap  of  skin  downward  from  the  side  of  the  nose,  leaving  a  triangular  area 
above  to  heal  by  granulation  or  be  filled  by  grafting.  The  pedicle  of  such  a 
flap  may  lie  anteriorly  at  the  tip  of  the  nose  or  at  the  outer  end  toward  the  cheek. 


Fig.  473. 


Fig.  474. 


Fig.  473. — Operation  of  Denonvilliers.  The  defect,  in  the  ala  i.s  filled  by  lowering  the  flap  ABC. 
The  size  of  the  secondary  gap  may  be  diminished  by  prolonging  the  incision  CB  upward  beyond  b, 
across  the  bridge  of  the  nose. 

Fig.  S3. — Operation  of  A.  N^laton.  The  skin  in  the  area. 4BC  just  above  tlie  gap,  should  be  ex- 
cised or  folded  down  on  the  line  AC  to  form  an  inner  layer.  The  upper  part  of  the  area  of  skin  at 
the  side  of  the  nose  and  adjacent  to  the  flap  sliould  be  freed  so  that  the  point  reaching  up  from  C  to 
B  may  be  brought  up  towaril  F  when  the  flap  BDEF  is  jumped  into  position. 


Better  nutrition  of  the  flap  is  assured  when  the  pedicle  is  external.  Mobility 
of  the  borders  of  the  secondary  gap  may  be  attained  by  prolonging  one  of  the 
incisions  across  the  bridge  of  the  nose  and  outward  above  the  eyebrow  of  the  op- 
posite side.  Thus  the  secondary  gap  may  be  made  smaller  at  the  expense  of  a 
longer  scar.     (Fig.  473.) 

Langenbeckf  has  transferred  a  rectangular  flap  from  the  sound  side  of  the 
nose  to  the  side  in  which  the  gap  existed.  If  this  is  done,  the  flap  should,  if 
possible,  be  jumped  across  a  sound  piece  of  skin  at  the  tip  of  the  nose. 

Operation  of  A.  Nelaton. — NelatonJ  has  taken  a  quadrilateral  flap  from 

*  Verneuil:   "Mem.  de  Chirurgie,"  t.  i.,  p.  416. 

fSzymanowski:   "Handbueh  der  operativen  Cliirurgie,"  1870,  p.  327. 

t  Malgaigne;   "Manuel  de  Med.  operatoire,"  9th  edition,  ii.,  155. 
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the  fold  between  the  nose  and  cheek,  but  has  left  the  pedicle  above.  (Fig.  474.) 
The  operation  is  suitable  when  the  defect  extends  far  up  into  the  nose.  "WTien  the 
outer  part  of  the  ala  is  intact  it  may  be  necessary  first  to  excise  a  small  triangular 
area  of  skin  tlirectly  above  the  gap.  The  flap  is  then  swung  in,  across  the  small 
area  of  skin  which  is  left  at  the  side  of  the  nose  between  the  gap  and  the  place 
from  which  the  flap  has  been  raised,  and  sutiu'ed  into  its  new  position.  The 
triangle  of  skin  between  the  point  from  which  the  flap  was  taken  and  the  gap 
which  was  filled  may  be  swung  outward  to  help  close  the  secondary  gap.  It 
may  be  possible  to  fold  down  rather  than  excise  the  area  of  skin  just  above  the 
gap. 

OpERATiox  OF  Thompson.— Thompson  *  has  turned  down  a  flap  from  the 
fold  between  the  side  of  the  nose  and  the  cheek.  In  this  operation  the  pedicle  lies 


Fig.  475. — Operation  of  Thompson.  In  a  the  outlines  of  the  cutaneous  flap  DAB  C  are  shown, 
and  the  muco-cartiiaginous  flap  may  be  seen  fokled  down  and  sutured  into  position  along  the  border 
of  the  defect;  in  h  the  skin  flap  is  shown  in  position,  covering  the  inner  flap.  The  smaller  diagram 
c  represents  the  manner  in  which  the  muco-cartilaginous  flap  is  folded  down. 


directly  outside  the  nostril.  The  denuded  area  from  which  the  flap  is  taken  may 
be  closed  by  direct  suture.  (Fig.  475.)  The  skin  and  subcutaneous  tissues 
in  this  flap  are  so  thin  that  great  contraction  would  follow  unless  some  firm  sup- 
port were  provided  underneath.  The  operation,  furthermore,  is  not  suitable 
for  filling  extensive  gaps  because  of  the  tension  put  upon  the  lower  eyelid.  In 
order  to  give  stiffness  and  to  provide  an  internal  surface  for  the  flap  Thompson 
has  devised  an  ingenious  method  of  si)litting  the  septum  from  above  tlownward 
and  folding  over  into  the  gap  the  flap  of  mucous  membrane  and  cartilage  thus 
*  Dublin  Hospital  Gazette,  1855-56,  ii.,  212. 
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Fig.  476. — Operation  of  Bonnet. 
Method  of  taking  a  flap  that  includes 
the  whole  thickness  of  the  upper  lip. 


formed.  Tlie  pedicle  of  this  nmco-cartilaginous  flap  is  below,  near  the  junction 
of  tlie  septum  and  the  floor  of  the  nose.  Much  technical  skill  is  necessary 
to  turn  down  this  flap  from  above,  without  damaging  the  ])edicle  or  in  some  other 

way  impairing  the  nutrition  to  such  an  extent 
as  to  cause  sloughing. 

Several  other  methods  ha\'e  been  dex'ised 
by  which  internal  flaps  may  be  provided. 
Flaps  of  skin  may  of  course  be  folded  in  to 
take  the  place  of  the  absent  mucous  mem- 
brane. Such  flaps  may  usually  be  taken  from 
the  cheek  just  outside  the  nostril  or  from  the 
side  of  the  nose  above  the  defect.  The  area 
from  which  these  flaps  are  to  be  taken  is  to 
be  determined  largely  by  the  advisability  of 
covering  the  raw  surface  of  the  infolded  flap  with 
a  second  flap  in  accordance  with  any  of  the 
methods  described.  If  such  infolded  flaps  are 
not  covered  on  their  external  surface,  not  only 
are  the  scars  external  and  conspicuous,  but,  from 
their  contraction,  they  tend  to  flatten  and  depress  rather  than  round  out  the 
new  ala.  No  special  detailed  description  of  such  operations  is  required;  it  is 
enough  to  mention  briefly  that  of  Bouisson,*  who  folded  into 
a  defect  in  the  ala  a  flap  taken  from  the  fold  between  the  lip 
and  the  cheek  just  outside  the  gap.  He  covered  the  outer 
surface  of  this  flap  by  drawing  forward  a  second  flap  from  a 
point  immediately  above  and  behind  the  first. 

The  Operation  of  Bonnet. — Bonnetf  has  provided  an 
inner  surface  by  utilizing  a  flap  that  included  the  whole 
thickness  and  height  of  the  upper  lip.  The  inner  incision  is 
carried  from  the  outer  corner  of  the  nostril  directly  down- 
ward through  the  lip.  The  outer  incision  should  start  far 
enough  outside  the  first  to  insure  sufficient  width  of  flap.  It 
should  extend  downward  to  a  point  inside  the  corner  of  the 
mouth.  (Fig.  476).  The  exact  nature  of  the  incisions  is  of 
course  to  be  governed  by  the  shape  of  the  gap  to  be  filled. 
The  great  objections  to  the  operation  are  the  disfigurement 
of  the  upper  lip  and  the  undue  thickness  of  the  new  ala. 
Obviously,  in  men  the  operation  would  not  be  suitable 
because  of  the  mustache.  In  women  the  disfigurement  would  be  great. 
Beck  has  taken  a  V-shaped  piece  in  the  same  way,  but  he  has  done  it  in  such 
a  manner  as  to  avoid  disturbing  the  mucous  border  of  the  lip. 

*  Montpellier  M6dical,  1864,  p.  128.       .  f  Gaz.  m^d.  de  Paris,  1847,  p.  610. 


Fig.  477. — Opera- 
tion of  Mutter.  A 
flap  is  drawn  inward 
from  tlie  cheek. 
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Weber  *  has  taken  from  the  central  portion  of  the  upper  lip  a  flap  suitable  for 
filling  a  gap  in  the  ala.  The  pedicle,  in  his  operation,  lies  just  below  the  septum. 
The  flap  is  twisted  into  position  and  sutured  there.  Any  undue  closure  of  the 
nostril  must  be  remedied  by  a  secondary  separation  in  which  the  pedicle  is  cut 
across.  The  nostril  should  not  be  completely  closetl  at  the  first  operation, 
because  any  retained  secretions  would  be  apt  to  pi'event  healing.  The  operation 
has  little  to  commentl  it. 

Mutter  t  has  drawn  a  flap  directly  inwartl  from  the  cheek.  The  sides  of  the 
defective  ala  are  first  refreshed  by  an  inverted  V-shaped  incision.  Then  from 
the  outer  end  of  the  V  a  horizontal  incision  is  carried  out  upon  the  cheek.  The 
corner  of  the  flap  of  skin  thus  formetl  is  drawn  forwanl  across  the  gap  in  the  ala. 


Fig.  478. 


Fig.  479. 


Fig.  478. — Operation  of  S^dillot.  In  this  diagram  neither  incision  enters  the  nostril.  The  free 
end  of  the  flap  is  twisted  domiward  to  gi\e  a  proper  roll  to  the  pedicle  and  to  produce  the  promi- 
nence natural  to  the  ala. 

Fig.  479. — Fritz's  Method  of  Making  the  Incisions  that  Free  the  Flap,  which  latter  in  turn  is 
twisted  downward  as  in  the  preceding  figure. 


(Fig.  477.)  The  objection  to  this  operation  is  that  it  produces  a  tight  bridge  of 
skin  which,  to  be  sure,  closes  the  gap,  but  at  the  same  time  produces  a  shapeless 
ala  and  causes  an  unsightly  scar  upon  the  cheek. 

In  none  of  the  operations  ah-eady  described  is  any  special  attention  given  to 
reproducing  the  prominent  outer  part  of  the  ala.  Dupuytren,J  Sedillot,^  Fritz, 
and  Dieffenbach  have  performed  operations  similar  in  character,  in  which  a  flap 
of  skin  is  taken  from  that  part  of  the  cheek  which  is  outside  of  and  below  the  ala, 
but  above  the  fold  which  i.s  normal  in  that  region.     (Figs.  478,  479,  and  480.) 

*  Szymanowski:   "Handbuch  der  operativen  Chir.,"  1870,  p.  333. 

t  American  Medical  Journal,  1838,  p.  6. 

J  Labat:   Ann.  de  la  M6d.  physiologique,  1833,  xxiv.,  814. 

il  Gaz.  m(Sd  de  Paris,  1S44,  p.  676. 
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Tho  pedicle  of  tlie  flap  is  to  l)e  just  wiiere  the  rlieck  should  meet  the  absent  ala. 
The  flap  may  he  elli|)tical,  quadrilaleral,  or  seuiiluiiai-  in  shape.  It  must  ex- 
tend outwartl  on  to  the  cheek  far  enough  to  give  ample  length  when  it  is  twisted 
into  its  new  position,  and  it  must  be  wide  enough  to  fill  the  gap  after  cicatricial 
contraction  has  occurred.  \^ery  abundant  allowance  of  tissue  is  necessary  in 
lioth  breadth  and  length  of  Haii.     The  pedicle  is  twisted  in  such  a  manner  as  to 


Fig.  4S0. — Another  Operation  of  St-dillot.     This  rliffer.s  from  lliat  sliowii  in  Fig.  473  in    tliat    the 
upper  incision  enters  the  nostril  and  tliat  tlxe  flap  is  twisted  upward  rather  than  downward. 


reproduce  the  shape  of  the  normal  ala.  The  inner  edge  of  either  the  ui)j)er  or 
the  lower  incision  should  usually  enter  the  nostril.  The  enil  of  the  other  incision 
must  be  far  enough  removed  from  the  nostril  to  assure  a  pedicle  large  enough  to 
nourish  the  flap.  \Miile  the  sweep  outward  of  the  ala  is  a  little  more  pronounced 
when  the  lower  incision  enters  the  nostril,  the  nutrition  of  the  flap  is  better 
assured  if  the  lower  incision  is  the  shorter  and  the  vessels  coming  up  from  the 
lower  lip  are  not  cut. 

It  is  usually  better  to  take  the  flap  from  a  slightly  lower  area  than  is  indicated 
in  the  diagrams,  in  order  to  follow  a  little  more  closely  the  natural  lines  of  the 
face.  Nelaton  and  Ombredanne  *  lay  down  the  following  general  rules  of  tech- 
nique:— The  flap  should  be  1  cm.  (f  inch)  longer  than  the  area  to  be  filled.  The 
inner  incision  should  start  on  the  outer  side  of  the  gap  to  be  filled,  and  should 
extend  downward  and  outward  along  the  fold  between  the  lip  and  cheek.  The 
outer  incision  should  be  2.5  cm.  (1  inch)  higher  up,  and  should  end  above  at  a 
point  back  of  the  middle  of  the  spot  where  the  ala  should  be.  The  pedicle  of 
the  flap  should  be  between  the  ala  and  the  upper  end  of  the  external  incision. 
The  flap  is  to  be  seized  below  and  dissected  up  with  the  underlying  fat.  The  tip 
of  the  flap  is  to  be  sutured  to  the  front  of  the  gap  to  be  filled.  A\Tiat  was  origi- 
nally the  lower  anterior  border  is  to  be  sutured  to  the  top  of  the  gap.    A  stitch 

*  "La  Rhinoplastie,"  p.  349. 
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should  unite  the  cheek  directly  back  of  the  pedicle  to  the  upper  lip,  and  the  re- 
mainder of  the  incision  is  then  to  be  closed.  In  this  manner  the  prominence 
of  the  ala  is  restored.  The  scar  on  the  cheek  follows  a  natural  fold.  As  cica- 
trization advances,  the  skin  is  rolled  into  the  nostril  and  forms  a  good  border. 

In  any  case  in  which  the  avoidance  of  a  scar  is  of  the  utmost  importance 
the  Italian  method  is  to  be  preferred.  The  flap  which  is  to  fill  the  gap  should  be 
taken  from  the  forearm.  It  should  include  the  subcutaneous  fat  which  will 
serve  to  make  the  new  ala  stand  out  properly.  The  pedicle  should  be  very  long 
indeed,  as  it  undergoes  marked  contraction  after  it  is  cut  across.  If  there  is 
found  to  be  tissue  to  spare,  the  extra  skin  may  be  turned  in  to  line  the  flap, 
thus  minimizing  secondary  contraction.  In  those  more  extreme  cases  in  which 
the  whole  ala  is  destroyed,  so  that  no  vestige  of  cartilage  remains  above  the  naso- 
labial fold,  this  operation  may  very  likely  lead  to  subsequent  atresia  unless 
special  precaution  be  taken.  Under  these  conditions  an  operation  in  three 
stages  is  advised  by  Nelaton  and  Ombredanne.*  At  the  first  sitting  a  flap  is 
taken  from  the  middle  of  the  forearm  and  sutured  to  the  upper  lip  below  the 
nostril.  This  flap  shoukl  be  taken  from  the  radial  bortler  in  order  to  avoid  the 
large  number  of  veins  on  the  anterior  surface  of  the  forearm.  The  flap  shoukl 
be  sutured  into  an  incision  made  obliquely  downward  and  inward  from  the 


^         (, 
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Fig.  481. — Operation  of  Nelaton  and  Ombredanne.  n,  Skin  flap  from  the  forearm  attached  ju.st 
below  tlie  nostril.  Cutaneous  surface  is  facing  forward,  b,  Flap  turned  and  folded  in  such  a  way 
that  the  external  border  AB  is  uppermost,  and  the  cutaneous  surface  faces  backward.  The  border  of 
the  skin  is  sutured  to  the  refreshed  edge  of  the  mucous  membrane,  c,  The  flap  is  again  folded  upon 
itself  so  that  it  may  cover  the  raw  surface  of  the  infolded  portion.  In  time  any  superfluous  tissue  at 
the  lower  part  may  be  trimmed  away. 

naso-labial  fold  just  outside  the  destroyed  ala  to  a  point  below  the  septum. 
(Fig.  481,  a.)     The  skin  side  is  to  be  uppermost. 

About  two  weeks  later,  the  second  step  in  the  operation  is  performed.  The 
pedicle  is  cut  across,  and  the  flap  is  sutured  in  place  in  the  following  manner, 
to  form  the  new  ala: — The  edges  of  the  nostril  are  refreshed,  and  the  external 
border  of  the  flap  is  also  refreshed,  twisted,  and  folded  upward  in  such  a  manner 

*  "La  Rhinoplastie,"  p.  351. 
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that  tho  cutaneous  surface  points  inward.  In  this  position  the  Hap  is  united 
with  the  mucous  membrane  at  the  border  of  the  nostril.  (Fig.  481 ,  b.)  What  was 
originally  the  inner  edge  of  the  flap  is  then  folded  upon  itself  and  is  sutured  liack 
to  the  skin  around  the  edges  of  the  gap.  Thus  the  anterior  and  outer  borders 
of  the  new  nostril  are  established,  but  a  certain  amount  of  redundant  tissue 
is  left  below.     (Fig.  481,  c.) 

At  the  third  sitting,  after  the  cicatrical  contraction  of  the  tissues  is  com- 
plete, any  superfluous  tissue  below  is  excised.  This  last  step  should  not  be 
taken  until  several  months  have  elapsed,  in  order  that  contraction  may  be 
complete. 

The  immediate  transfer  of  a  portion  of  the  border  of  the  external  ear,  with- 
out a  pedicle,  has  been  successfully  accomplished,  but  it  is  a  procedure  of 
very  doubtful  value. 


Restoration  of  the  Lower  Part  of  the  Nose. 

In  restoring  the  tip  of  the  nose  it  is  important  not  to  interfere  in  any  way 
with  the  normal  upper  part.  The  Indian  method  is  therefore  not  to  be  considered, 
nor  are  the  French  methods,  in  which  the  flaps  are  taken  from  the  nose  itself. 


Fig.  482. 


Fig.  483. 


Fig.  4S2. — Second  Operation  of  N^laton  and  Ombr^danne.*  The  tip  of  the  nose  is  restored  by 
a  flap  taken  from  the  anterior  surface  of  the  forearm. 

Fig.  483. — Third  Operation  of  N^laton  and  Ombr^danne.f  a,  The  tip  of  the  nose  restored 
by  a  flap  from  tlie  front  of  the  forearm,  b,  The  position  of  the  flap  on  the  arm  is  indicated.  A  por- 
tion of  the  pedicle  is  folded  in  to  line  the  septum. 

No  flaps  are  to  be  taken  which  deform  the  mouth  or  lips,  or  draw  the  eyelids  out 
of  place.  The  scars  produced  should  not  be  more  disfiguring  than  the  original 
deformity. 

*"La  Rhinoplastie,"  pp.  307,  363.  t"La  Rhinoplastie,"  p.  309. 
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The  Italian  method  yields  by  far  the  best  results,  and  is  usually  to  be  recom- 
mended. When  the  alse  at  the  sides  of  the  nose  remain  intact,  a  single  flap  taken 
from  the  arm  or  forearm  may  be  sufficient.     (Figs.  482  and  483.)     But  when  the 


Fig.  484. — Operation  of  Bayer,  a,  The  flap.s  are  folded  in  to  make  a  new  tip  of  the  nose  and  a 
new  septum.  The  remnants  of  the  alse  are  within  the  infolded  flaps,  b.  At  a  second  stage  the  pedi- 
cles are  cut  across  and  the  flaps  are  joined  to  the  alae. 

destruction  is  at  all  extensive,  an  internal  as  well  as  an  external  flap  must  be 
provided  in  order  to  prevent  undue  cicatricial  contraction. 


Fig.  485. — Operation  of  Ch.  N^laton.  (After  Nflaton  and  Ombr^danne.)  These  diagrams  illus- 
trate the  method  by  which  a  thin  laj-er  may  be  sawed  from  the  outer  table  of  the  frontal  bone 
with  the  skin  flap,  and  also  the  manner  in  which  portions  of  the  nasal  bones  and  cartilages  may  be 
sawed  through  to  be  depressed  to  form  a  firm  support  for  the  reconstructed  lower  part  of  the  nose. 


When  the  loss  is  not  too  great,  the  internal  flap  may  be  provided  by  folding 
down  a  flap  from  the  nose  itself  without  materially  increasing  the  resulting 
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scar.     In  larger  defects  of  the  lower  end  of  tlic  nose,  however,  the  operation  of 
liayer*  (Fig.  4S4)  is  to  be  recommeiidetl. 

The  Oimoration  of  Bavek.— On  each  side  a  flap  is  formed  which  curves  down, 
from  u  i)oint,  just  outside  the  ala,  along  the  fold  between  the  cheek  antl  tlie  lip. 
These  flaps  should  lie  taken  from  just  outside  the  corners  of  the  mouth.  Their 
width  should  correspond  to  the  height  which  is  to  be  added  to  the  tip  of  the  nose. 
Their  length  should  be  sufficient,  when  folded  over,  to  form  new  ala;  and  a  new 
sei)tum.  They  should  thus  extend  down  at  least  as  far  as  the  alveolar  process. 
At  the  first  operation  they  are  folded  in  and  their  new  surfaces  are  sutured 
together  to  form  the  new  septum.  When  the  sides  of  the  als  remain  intact  the 
flaps  are  to  be  folded  in  outside  of  them.  Three  weeks  later  the  pedicles  of  the 
flaps  are  to  be  cut  across,  and  they  are  to  l)e  united  to  the  remnants  of  the  ala>. 
At  the  same  time,  the  external  surface  may  be  covered  by  a  flap  from  the  arm  or 
forearm.  An  objection  to  the  operation  is  that  some  of  the  muscles  about 
the  mouth  and  the  nerves  which  supply  them  are  likely  to  be  cut. 

011icr,t  Neumann,  and  NelatonJ  have  all  repaired  the  loss  of  the  lower  part 
of  the  nose  by  depressing  the  upper  border  of  the  defect,  including  with  the  flaps 

more  or  less  bone  or  cartilage.  The  most 
elaborate  operation  is  that  of  Nelaton. 
(Fig.  485.) 

Operation  of  Ch.  Nelaton. — A  long 
inverted  V-shaped  flap  is  cut  from  the  nose 
and  forehead.  The  apex  of  the  V  is  just  at 
the  border  of  the  hair  in  the  middle  of  the 
forehead.  The  arms  of  the  inverted  V 
should  spread  as  widely  as  the  eyes  will 
permit.  They  should  extend  downward, 
along  the  folds  between  the  nose  and  cheeks, 
to  points  outside  the  ala?.  They  should 
keep  well  outside  any  gap  in  the  nose  and 
should,  below,  leave  enough  tissue  between 
the  defect  and  the  incisions  to  assure  proper  nutrition  of  the  flap.  With  the 
flap  there  must  be  included  a  portion  of  the  nasal  bones  and  cartilages,  which 
portion  is  to  be  folded  ilown  to  give  firm  support  to  the  new  lower  part  of  the 
nose.  There  may  also  be  included  a  piece  of  the  frontal  bone,  which  will  take 
the  place  of  any  bone  removed  from  the  ujiper  part  of  the  nose.  The  diagrams 
(Fig.  485)  illustrate  well  the  method  of  operation.  Obviously  in  milder  cases 
less  extensive  operation  will  be  required. 


Fig.  486. — Operation  of  Szymanowski 
for  Repairing  the  Loss  of  the  Lower  End 
of  the  Nose  by  Flaps  Taken  from  the 
Cheeks. 


*  Bayer,  in  Prager  med.  Wochenschr.,  ISSS,  xiii.,  77. 

tOaz.  hebd.  M&l.  et  Chir.  1860,  p.  50;  Compte  rendu  de  la  Soc.des  Sciences  m6d.de  Lyon, 
1861-62,  300. 

J  Bull,  de  la  Soc.  de  Chir.,  Paris,  1900,  p.  665. 
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This  operation  involves  some  of  tlie  most  useful  methods  employed  in 
rhinoplasty. 

Szymanowski*  has  taken  flaps  from  the  cheeks  in  order  to  restore  the  tip  of  the 
nose.  The  flaps  should  be  rhomboidal  in  shape,  with  their  pedicles  aljove, 
directly  outside  the  upper  part  of  the  defect  in  the  nose.  Enough  tissue  should 
be  included  in  one  or  both  flaps  to  form  a  new  septum.     (Fig.  486.) 

Rouge  has  restored  the  tip  of  the  nose  by  drawing  down  a  flap  from  a  point 
inmiediateh^  above  the  gap.  The  flap  may  be  left  attached  at  both  sides.  A 
secondary  gap  is  of  course  thus  left  above  the  original  defect. 

Rep.\ir  of  the  Lower  Part  of  the  Septum. 

The  loss  of  the  lower  part  of  the  septum  is  often  very  disfiguring.  In  those 
cases  in  which  the  loss  is  not  sufficient  to  have  led  to  depression  of  the  tip  of  the 
nose,  correction  of  the  deformity  is  relatively  simple. 

Oper.^tion  of  Dupuytren. — Dupuytrenf  took  a  quadrilateral  or  triangular 
flap  from  the  central  part  of  the  upper  lip.  This  flap  included  the  skin  and  under- 
lying tissues,  but  left  the  mucous  membrane  intact,  the  pedicle  being  just  at  the 
base  of  the  septum.  In  this  operation  the  flap  is  twisted  and  turned  up  through 
an  angle  of  ninety  degrees,  so  that  the  lower  end  can  be  attached  to  the  tip  of  the 
nose.  By  carrying  the  incision  at  the  border  of  the  pedicle  slightly  higher  on  one 
side  than  on  the  other,  the  flap  may  be  more 
easily  brought  into  place;  and  the  portion 
most  plainly  visible  will,  later  on,  be  skin 
rather  than  scar  tissue.  The  gap  in  tlio 
upper  lip  is,  of  course  at  once  closed  by 
sutures.     (Fig.  487.) 

Operation  of  Serre. — SerreJ  has  taken 
a  flap  from  exactly  the  same  area  as  Dupuy- 
tren.  (Fig.  488.)  The  pedicle,  however,  is 
left  at  the  red  border  of  the  lip.  The  free 
upper  end  of  the  flap  is  sutured  to  the  end 

of     the     nose.       At      a     second    operation    the  Fig.  4S7.— Operation    of    Dupuytren. 

pedicle  at  the  red  border  of  the  lip  is  cut  across,     -^  "^p  '^  '"■■""'  "p  f™""  *'""  '"''''"^  °f 

the  upper  lip. 

and  sutiu'ed  back  between  the  nostrils.     The 

advantage  of  the  operation  is  that  the  two  sides  are  perfectly  synnnetrical; 
the  disadvantage  is  that,  while  in  Dupuytren's  operation  the  incision  in  the 
upper  lip  may  be  sutured  at  once,  in  that  of  Serre  immediate  suture  of  the  lip 
is  impossible. 

*  "Handbuch  der  operativen  Chir.,"  1870,  S.  314. 

fMarx,  in  Jour.  hebd.  de  Med.  et  Chir.  pratiques,  1833,  p.  29. 

X  "Traits  sur  I'Art  de  restaurer  les  Difformites  de  la  Face."     Montpellier,  1842. 
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Fig.  488.— Opera- 
tion of  Serre.  Tlie 
flap  is  sutured  to  the 
tip  of  the  nose.  It 
should  later  be  cut 
across  at  the  pedicle 
at  the  border  of  tlie 
Hp. 


Operation  of  Lexer.* — A  flap  of  mucous  membrane  alone  may  be  taken 
from  the  inner  surface  of  the  same  part  of  the  lip.  The  pedicle  of  such  a  flap  is 
to  be  above  at  the  base  of  the  septum.  The  flap  is  to  be 
(Irawii  out  t-hi'ough  a  short  horizontal  incision  just  at  the 
point  where  the;  lip  and  septum  should  meet.  Thus  a  mucous 
flap  is  folded  forward  through  a  hole  in  the  lip.  No  notice- 
able scar  is  made  in  the  lip.  The  sole  objection  to  the  opera- 
tion is  that  the  exposed  surface  of  the  septum  consists  of 
mucous  membrane  rather  than  of  skin;  but  in  time  such  an 
exposed  area  will  assume  largely  the  color  and  character  of  skin. 
Dieffenbach  has  taken  a  rectangular  flap  horizontally  from 
the  upper  lip  and  turned  it  up  to  form  a  new  septum;  but  the 
procedure  is  very  objectionable,  because  it  cuts  across  the  nat- 
ural lines  of  the  upper  li}),  and  is  very  likely  to  produce  marked 
asymmetry. 

Demons  has  taken  two  rectangular  flaps,  one  from  below 
each  nostril,  and  separated  by  the  mechan  portion  of  the  lip. 
The  pedicles  of  the  flaps  are  above.  The  flaps  are  turned  up 
in  much  the  same  manner  as  in  the  operation  of  Dupuytren, 
but  the  raw  surfaces  of  the  two  flaps  are  apposed.  Thus,  the 
line  of  union  between  the  two  is  in  the  median  line,  while  the  skin  surfaces 
line  the  inner  borders  of  the  nostrils  and  meet  below  at  the 
free  lower  edge  of  the  septum. 

The  folding  up  of  a  flap  that  includes  the  entire  thick- 
ness of  the  upper  lip,  as  done  by  Blandin,  is  not  to  be  con- 
sidered if  other  similar,  less  severe  operations  are  possible. 
The  Operation  of  Raoult. — The  operation  of  Raoultf 
.should  l)e  mentioned  because  it  may  be  of  value  in  excep- 
tional cases.  A  curved  incision  is  made  on  each  side, 
starting  at  the  lower  border  of  the  nostril  and  curving 
outward  close  below  the  alse,  and  then  upward  close  out- 
side the  alae.  Second  incisions  are  then  made  on  each  side. 
These  incisions  start  in  the  median  line  and  curve  down- 
ward and  outward  toward  the  free  margin  of  the  lip  in 
lines  diverging  somewhat  from  those  of  the  first  incisions. 
Thus  two  flaps  are  freed,  which  may  be  drawn  forward,  up- 
ward, and  inward.  They  are  to  be  united  to  form  the  new 
septum  above  the  undistiu'bed  central  portion  of  the  up- 
per hp.  (Fig.  489.)  There  is  one  very  serious  objection  to  such  an  opera- 
tion, viz.,  that  the  tension  of  the  flaps  is  likely  to  flatten  the  tip  of  the  nose. 

*  Deutsche  Zeitschrift  f.  Chir.,  March,  1906. 
t  Presse  m^dicale,  April  1st,  1903. 


Fig.  489. — Operation 
of  Raoult.  The  incisions 
AB  and  A'B'  encircle 
the  ala>.  The  incisions 
CD  and  CD'  leave  un- 
disturbed the  central 
part  of  the  upper  lip. 
The  two  flaps  between 
the  incisions  are  to  be 
slid  forward  and  inward 
to  make  a  new  lower 
■sort  ion  of  the  septum. 
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Fig.  490. — Operation  of  Labat  for  Restor- 
ing the  Lower  Part  of  the  Septum. 


Operation  of  Labat. — Labat*  has  described  an  ingenious  adaptation  of  tlie 
Italian  oiJeration,  by  which  a  bit  of  slvin  of  the  thenar  eminence  of  the  left  hand 

is  attaclicd  to  the  tip  of  the  nose,  later  to 
be  severed  and  fastened  in  the  iipixT  mar- 
gin of  the  lip.  The  hand  is  to  be  fixed 
palm  forward  with  the  thumb  on  one  side 
of  the  nose  and  the  fingers  on  the  other. 
(Fig.  490.) 

The  operations  just  described  do  not  in 

any  way  give  supjiort  to  the  tip  of  the  nose. 

Among  the  earlier  operations  intend- 

etl,  through  the  use  of  double  flaps,   to 

prevent   contraction   of   the   nostrils   was 

that  of  Sedillot,  who,  having  folded  up  a 

flap  from  the  median  portion  of  the  upper 

lip,  unitctl  it  with  the  tip  of  a  frontal  flap 

to  form  by  a  double  layer  of  skin  a  firmer 

lower  i)art  of  the  septum.     Such  a  support, 

howe^■er,  must  at  best  be  unsatisfactory. 

Nelaton  has  reversed  tiie  order  of  the  flaps;   he  folds 

one  up  from  the  upper  lij),  with  the  raw  surface  downward, 

and  })laces  below  it  a  flap  cut  from  the  inner  surface  of  the 

nose  antl  folded  down. 

Secoxd  Oper.ation  of  Ch.  Nelaton. — Nelaton*  has 
described  a  useful  operation  which  gives  a  bony  or  cartilag- 
inous support  to  the  new  septum  and  holds  forward  the 
tip  of  the  nose.  A  small  curved  incision  with  the  convex- 
ity downward  is  made  just  below  the  base  of  the  septum. 
This  incision  is  carried  through  the  soft  parts  down  to  the 
superior  maxilla  above  the  alveolar  process.  A  gouge  is 
then  driven  backward  antl  upward  in  the  median  line,  and 
is  made  to  enter  the  nasal  fossa^  far  enough  back  to  cut 
off  a  portion  of  the  rudimentary  septum;  the  piece  cut 
off  should  be  large  enough  to  enable  it  to  be  folded  for- 
ward antl  downward  so  that  the  posterior  portion,  which 
has  been  freed,  shall  meet  the  tip  of  the  nose.  It  is  then 
sutured  into  position.  (Fig.  491.)  The  nutrition  of  this 
piece  of  bone  or  cartilage,  covered  on  its  exposed  surface 
by  mucous  membrane,  is  preserved  through  the  soft  parts  which  are  undisturbed 
at  the  inner  sitle  of  each  nostril,  directly  above  the  entls  of  tiic  original  skin 

*  .\nnales  de  l.a  Med.  physiologique,  Paris,  1834,  xxv.,  .56. 
t  Duvernoy:  Thc.se,  Paris,  1900,  p.  48;   "La  Rhinoplastie,"  p.  383. 
VOL.  IV.  — 4.5 


Fig.  491.  —  Second 
Operation  of  Ch.  Nela- 
ton. The  gouge  is  in- 
troduced through  the 
curved  incision,  and 
enough  of  the  remaining 
septum  is  cut  off  to 
malce  a  new  support  for 
the  tip  of  the  nose  when 
it  is  folded  forward. 
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incision.  The  direct  ion  in  whicli  tiic  f^ou^c  is  inserted  dejjends,  of  course, 
upon  the  extent  to  wiiicii  the  septiuii  is  destroyed,  and  also  upon  tlie  length 
oi'  the  Hap  whicii  is  to  be  folded  forwai'd. 

Saddle  Nose. 

Various  alterations  in  the  shape  of  the  nose  occur  as  a  result  of  more  or  less 
comijlete  destruction  of  the  hony  or  cartilaginous  sup{)orts.  The  flattening  of  the 
central  portion  which  results,  may  he  due  to  syphilitic  or  tuberculous  lesions; 
while,  more  rarely,  it  is  due  to  tlii'  abuse  of  cocaine,  to  traumatism,  or  to 
caries  not  of  specific  origin.  Occasionally  the  deformity  is  congenital.  The 
general  knowledge  that  the  deformity  usually  results  from  syphilis  makes 
patients  peculiarly  anxious  to  be  benefited. 

Marked  variations  in  the  deformity  are  oliserved.  Three  general  types  of 
saddle  nose  may,  however,  be  distinguished.  In  the  first,  the  ileformity  is  either 
congenital  or  the  result  of  fracture.  There  is  a  flattening  of  the  bridge  of  the 
nose,  but  there  is  not  destruction  tlue  to  (.lisease.  In  the  second  type,  the  loss  of 
tissue  is  chiefly  in  the  cartilage,  with  more  or  less  complete  preservation  of  the 
bones.  In  the  third  type,  both  cartilage  and  bone  are  destroyetl.  According  to 
the  extent  of  the  destruction  there  follows  a  tilting  up  of  the  tip  of  the  nose, 
which  makes  the  nostrils  point  more  or  less  directly  forward.  The  ileformity 
has  been  called  the  "lorgnette  nose."  In  every  case  the  treatment  must  depend 
both  on  the  amount  of  the  depression  of  the  bridge  and  the  degree  of  tilting 
u]jward  of  the  i\p. 

Operations  have  been  divided  arbitrarily  into  two  groups: — in  one,  the 
object  is  to  raise  the  depression,  while  in  the  other  the  tip  of  the  nose  is  lowered. 
The  distinction  is  not  one  of  great  practical  importance.  The  important  point 
is  that,  in  operations  in  which  the  tip  of  the  nose  is  lowered,  the  nasal  cavity 
should  in  most  cases  be  opened  from  the  front,  and  the  gap  thus  created  should 
be  filled  bj'  a  flap  of  mucous  membrane  or  skin  which  faces  inward.  In  opera- 
tions in  which  the  tip  of  the  nose  is  not  to  be  depressed,  the  nasal  cavity  need 
not  be  opened. 

In  determining  the  method  of  treatment  the  mobility  of  the  skin  about  the 
depressed  area  is  an  all-important  factor.  In  most  cases  the  skin  is  not  sound, 
is  closely  adherent  to  the  underlying  tissues,  and  is  not  elastic.  This  is  especially 
true  in  the  syphilitic  cases.  In  them  the  depression  is  due  to  widespread  loss  of 
the  deeper  tissues  with  consequent  extensive  antl  deep  scar  formation. 

In  those  milder  cases  in  which  the  elevation  of  the  tip  of  the  nose  may  be 
disregarded  the  problem  is  relatively  simple,  especially  when  the  skin  is  movable. 
In  such  cases  prosthetic  injections  are  particularly  valuable,  because  they  leave 
no  noticeable  scar,  and  at  the  same  time  furnish  a  permanent  support  under  the 
skin.     Such  injections,  however,  are  not  to  he  considered  in  cases  in  which 
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the  skin  is  closely  bound  down  to  the  sunken  bridge  by  firm  scar  formation.  In 
such  cases  there  is  no  cellular  tissue  into  which  the  injection  may  flow,  ami,  if 
the  operator  is  successful  in  forcing  the  injection  into  the  scar,  sloughs  must 
incvitalily  result.  It  may  be  possible,  however,  in  some  instances  to  free  the 
skin  at  a  preliminary  operation,  thus  creating  a  pocket  into  which  material  may 
be  injected,  or  into  which  some  inorganic  support  maj-  l)e  inserted. 

If  prosthetic  injections  or  supports  are  inadvisable,  the  choice  of  operation 
must  depend  upon  the  tlegree  ami  character  of  the  deformity,  the  soundness 
of  the  neighboring  skin,  and  the  amount  of  importance  which  the  patient  at- 
taches to  visible  scars. 

As  far  as  is  possible,  incisions  shoukl  be  confined  to  the  root  of  the  nose,  where 
the  scar  lies  in  the  skin  folds  that  run  between  the  eyebrows ;  or  they  should  be 
made  just  within  the  lower  free  border  of  the  nostrils.  Scars  along  the  naso- 
labial folds  are  inconspicuous.  Scars  may  be  necessary  along  the  fold  between 
the  nose  and  the  cheek.  Scars  on  the  back  of  the  nose  are  particularly  objec- 
tionable. 

Operations  which  involve  a  change  in  position  of  the  soft  parts  alone,  and  in 
which  no  new  tissue  is  inserted  to  fill  the  depression,  are  of  only  temporary 
benefit;  yet  a  few  may  be  mentioned  \'ery  jjriefly.  The  operation  of  Ferguson, 
for  example,  is  of  this  type.  An  incision  is  made  within  the  nostrils,  through 
w'hich  the  sides  and  back  of  the  nose  are  raised  and  also  are  freed  from  the  cheeks 
by  dissecting  under  them  and  separating  them  from  the  superior  maxilla"  for  a 
distance  sufRcicnt  to  allow  the  introduction  of  the  finger  within  the  nose.  This 
is  then  moulded  into  jiropei'  sha])e  and  is  held  foi'ward  by  two  silver  pins  passed 
through  from  side  to  side  on  a  level  with  the  checks.  After  ten  or  twelve  days 
the  position  of  the  pins  is  clianged  to  prevent  undue  scarring  from  cutting.  In 
time,  after  the  removal  of  the  pins,  a  nose  thus  pushed  forward  must  inevi- 
tably sink  back  into  its  former  position  imless  some  additional  support  is 
provided. 

Dieffenbach  has  dissected  a  median  and  two  lateral  flaps  of  skin,  and  has 
brought  the  edges  together  in  such  a  manner  as  to  fill  the  depression.  The 
operation  is  essentially  similar  to  that  of  Ferguson,  but  it  involves  more  external 
incisions  and  for  that  reason  is  not  to  be  reconnnended. 

Dieffenbach  has  also  attempted  to  remedy  the  deformity  by  means  of  vari- 
ously placed  skin  incisions,  which  were  afterward  sutured  in  special  ways,  as 
well  as  drawing  the  skin  across  the  tlepression,  as  the  chord  of  an  arc.  Such 
a  procedure,  it  seems  scarcely  necessary  to  add,  is  useless. 

In  anothei-  form  of  operation,  Dieft'enbach*  "underplanted"'  a  flap  of  skin  to 
fill  in  the  depression.  By  an  inverted  U-shaped  incision  a  flaj)  of  skin  is  turned 
down  from  over  the  depressed  bridge.  Beneath  this  a  second  flap  is  folded  down 
from  the  forehead.     The  pedicle  of  this  latter  flap  is  just  above  the  apex  of  the 

*  "Oper.  Chir.,"  i.,  .SoO. 
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first  flap.  Tlie  support-  tlms  made  is  pci-inaiii'iit,  hul  tlic  tip  of  the  nose  is  not 
lowered,  and  (•()ns]>icuous  seal's  are  ereate(l.  Tliis  o|)eratioii  is  very  similar  to, 
but  not  so  eoniplete  as,  that  of  Nelatoii  antl  Onibredainie,  to  be  described  later. 

The  essential  points  in  any  satisfactory  oj^eration  for  the  correction  of  a  pro- 
iiouiircd  saddle  nose  are  these: — P'irst,  to  lower  the  tip  (if  tlie  nose;  second, 
to  close  the  opening  formed  into  the  nasal  fossir  with  an  inner  flap,  the  cutaneous 
siu-face  of  which  faces  inward;  third,  to  make  the  outer  flap  of  greater  area  than 
that  which  originally  covered  the  space:  fourth,  to  have  between  the  two  flaps 
a  firm  support,  preferably  of  cartilage.  In  order  to  fulfil  these  conditions  each 
individual  case  must  be  studied  with  the  utmost  care. 

Although,  in  the  treatment  of  saddle  nose,  flaps  of  skin  alone  are  very  seldom 
sufficient,  there  are  certain  methods  which,  while  they  do  not  fulfil  the  require- 
ments just  enumerated,  are  nevertheless  worthy  of  being  mentioned  because 
of  their  suggestiveness,  and  because  in  exceptional  circumstances  they  may  prove 
sufficient,  if  combined  with  other  procedures.  The  merits  of  these  different 
operative  methods  vary  greatly.  If  any  one  of  them  were  really  satisfactory 
the  others  would  never  have  been  devised. 

The  following  are  the  methods  in  question: — 

Operation  of  von  M.\ngold.* — Von  Mangold  excisetl,  with  its  i)erichon- 
drium,  a  bit  of  the  seventh  costal  cartilage  4  or  5  cm.  (if  to  2  in.)  long,  1  cm.  (fin.) 
wide,  and  0.5  cm.  (3- in.)  thick.  Then,  having  made  a  short  transverse  incision  be- 
tween the  eyebrows,  he  introduced  into  this  opening  a  sound  and  passed  it  down 
through  the  suljcutaneous  tissues  as  far  as  the  tip  of  the  nose,  thus  preparing, 
as  it  were,  a  channel  into  which  he  afterward  pushed  the  fragment  of  cartilage 
the  whole  distance.  In  doing  this  he  was  careful  to  keep  the  side  which  is  covered 
with  perichondrium  toward  the  skin.  Two  other  little  pieces  of  cartilage  may, 
if  necessary,  be  pushed  into  the  ahe  through  small  incisions  in  the  folds  on  each 
side  of  the  nose.  The  cuts  are  closed  by  sutures.  If  the  operation  is  success- 
ful, all  the  pieces  of  cartilage  are  allowed  to  remain.  The  alte  do  not  flatten, 
and  the  depression  in  the  bridge  is  prevented.  After  several  months  the 
length  of  the  nose  may  be  increased.  The  nose  with  the  costal  cartilage  is 
freed  by  an  incision  having  the  shape  of  an  inverted  V,  the  point  of  which  is 
just  above  the  upper  border  of  the  cartilage.  The  lower  part  of  the  nose  may 
then  be  depressed  and  held  in  position  by  pressing  the  upper  end  of  the  carti- 
lage into  a  notch  cut  in  the  nasal  bone.  The  nose  is  thus  elongated  and  resumes 
its  normal  profile.  The  incision,  originally  V-shaped,  may  be  closed  as  an  in- 
verted Y. 

Israel  and  De  Page  have  operated  in  verj'  similar  ways. 

Operation  of  Israel. — Israel  makes  a  median  incision  about  2  cm.  (f  in.) 
long,  at  the  ])oint  of  the  depression.  By  subcutaneous  dissection  he  divides  any 
cicatricial  adhesions  that  may  be  present,  and  separates  the  skin  at  the  sides 

*  GeseHscluift  f.  Chir..  Berlin,  1900,  xxix.,  4(50. 
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from  the  maxillary  bonos.  In  order'  to  obtain  the  normal  profile  he  depresses 
the  tip  of  the  nose.  In  this  dissection  it  is  neeessary  to  free  the  flaps  thoroughly, 
so  as  to  permit  their  being  reunited  without  traction.  Then  a  spicule  of  l)one, 
about  0.5  cm.  (1  in.)  thick  and  '■]  cm.  (Ij  in.)  long,  is  taken  from  the  crest  of  the 
tibia.  If  necessary,  incisions  are  maile  in  the  subcutaneous  tissue  at  each  side 
to  receive  the  piece  of  bone.  Once  the  fragment  is  in  j)lace,  the  upper  point  of 
the  bone  is  cngagctl  solidly  in  sulicutaneous  tissue  over  the  bridge  of  the  nose, 
while  the  lower  point  is  buried  inside  the  skin  of  the  lobule.  The  nose  resumes 
its  normal  profile.     The  edges  of  the  incision  are  sutured  over  the  new  support. 

Operation  of  De  Page. — The  operation  of  De  Page  differs  from  that  of  Israel 
only  in  minor  details.  The  s])icule  of  Ijone  taken  is  longer,  and  from  3  to  4  cm. 
(1  to  l^j  in.)  wide.  Thi';  piece  of  Ijouc  is  split  length\\ise  so  that  it  may  be  folded 
like  a  roof.  It  is  then  [pushed  under  the  skin  of  the  nose,  which  is  sutured 
over  it.  Silver  wire  may  be  passetl  through  and  through  to  maintain  the 
proper  shape  for  some  days,  ami  to  relieve  tension  until  union  is  firm. 

In  neither  of  these  operations  should  the  incisions  enter  the  nasal  cavity. 

Fourth  Oper.\tiox  of  Nel.\tox  axd  Ombredaxxe. — Nelaton  and  Onilire- 
danne,*  in  what  they  regard  as  the  method  of  choice  in  the  more  severe  cases 
(Figs.  492,  493,  and  494),  have  selected 
jjoints  from  various  operations. 

At  a  preliminary  operation  they  insert, 
beneath  the  skin  of  the  forehead,  exactly 
vertically  and  exactly  in  the  median  line,  a 
piece  of  the  eighth  costal  cartilage  about  4.5 
cm.  to  5  cm.  (Ij  to 2  in.)  long.  This  may  be 
done  through  a  small  incision  at  the  edge  of 
the  hair.  Six  weeks  later  an  inverted  U- 
shaped  incision  is  carried  across  the  lower 
part  of  the  forehead.  The  arms  of  the  11 
spread  ord  to  the  inner  ends  of  the  eye- 
brows. The  middle  reaches  as  far  above 
the  eyebrows  as  it  is  desired  to  dejjress  the 
tip  of  the  nose — u.sually  about  2  cm.  f  i  in.). 
The  ends  of  the  incision  are  carried  down- 
ward as  far  apart  as  the  eyes  permit,  and 
then  along  the  fold  between  the  nose  and 
cheeks  to  points  just  above  the  akr.  The  flap  thus  marked  out  is  dissected 
free  and  folded  down  from  above.  At  a  point  about  1.5  cm.  (I  in.)  above 
the  tip  of  the  nose,  a  transverse  incision  is  made  directly  into  the  nasal  fossae, 
so  that  the  tip  of  the  nose  may  be  depressed.  The  flaj)  will  then  reach  only  to 
the  level  of  the  eyebrows. 

*  'La  Rhinoplastie,"  p.  284. 


Fig.  492. — Fourtli  Operation  of  Xel.aton 
and  Ombrfdanne,  First  Stage.  Lines  of 
incisions  for  the  two  flaps  are  indicated. 
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A  wcoiul  lla]>,  wliicli  iiichnlcs  the  |iircc  of  implanted  cartilage,  is  tiicn  folded 
down  from  the  forehead.     Tlie  U])|)er  end,  whicli  is  close  to  the  end  of  the  piece 

of  eartihijie,  should  be  at  the  boi'der  of  the 
hair.  Th(!  sides  converge  somewhat  from 
above  downward  for  a  little  more  than  half 
tlieir  hei<iht.  Then  they  spread  again  in  or- 
der tliat  enough  tissue  to  insure  nutrition 
uvdy  remain  outside  the  area  from  which  the 
first  flap  was  taken.  This  flap  is  freed  and 
folded  downward  underneath  the  first  flap. 
Tlic  freed  ujijier  end  should  just  meet  the 
tlej^ressed  tip  of  the  nose.  The  cutaneous 
surface  faces  inward.  The  epidermis  may 
be  removed  at  those  points  where  it  does 
not  line  the  opened  nasal  fossa>.  The  first 
flap  may  then  be  replaced  outside  the  second. 
At  a  third  operation,  about  fifteen  days 
later,  the  pedicle  of  the  second  flaj)  may  be 
cut  acrcss  and  Thiersch  grafts  placed  upon 
the  granulating  area  on  the  forehead. 

Operation  of  Czerxy. — Czerny*  has 
made  a  sui:)port  for  the  skin  in  an  entirely 
different  manner,  by  utilizing  the  sunken 
cartilage  itself.  By  a  median  incision  the 
skin  is  dissected  free  from  the  back  and  sides 
of  the  nose  through  nearly  the  entire  length. 
While  the  skin  flaps  are  pulled  aside  (Fig. 
495)  two  semi-elliptical  incisions  are  made 
through  the  sunken  cartilage  into  the  nos- 
trils on  each  side  of  the  septum.  The  in- 
cisions are  curved  with  the  convexity  back- 
ward. The  distance  from  the  median  line 
to  each  incision  should  be  slightly  greater 
than  the  depression  which  is  to  be  rem- 
edied. Two  cartilaginous  flaps  are  thus 
formed,  one  on  each  side  of  the  septum. 
The  inner  surface  of  each  is  covered  with 
mucous  membrane.  The  flaps  are  then  bent 
forward  so  that  their  external  surfaces  lie 
back  to  back  and  in  contact  in  the  sagittal 
plane  of  the  nose.     In  cross-section  the  car- 


FiG.  493.  — Fourth  Operation  of  Nela- 
ton  and  Ombr^danne,  Second  Stage  T)ie 
first  flap  is  folded  down  and  the  tip  of 
the  nose  is  lowered  by  a  free  transverse 
incision  through  cartilage  and  sejjtum 


Fig.  494. —Fourth  Operation  of  N(^laton 
and  Ombr^danne,  Third  Stage.  The  sec- 
ond flap  is  folded  down  and  the  first  flap 
is  replaced  outside  it.  Th.e  gap  in  the 
forehead  still  remains  to  be  filled  in. 


*GeseUschaft  f.  Chir.,  Berlin,  1895,  xxiv.,  ii..  212. 
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tilage  is  bent  into  the  shape  of  a  tuning-fork.     Their  nutrition  is  assured  liy 
their  connection  with  the  septum,  wliich  is  not  tUsturljcd.      The  free  Ijorilers 


Fig.  495. — Operation  of  Czerny.  In  a  the  .skin  is  retracted  to  show  the  incisions  tlirougli  the 
cartilage.  (The  two  vertical  ones  in  the  middle,  instead  of  representing  nearly  parallel  lines,  should 
together  fomi  an  incomplete  ellipse.)  In  h  a  cross-section  of  tlie  depressed  nose  is  shown,  with  the 
skin  retracted  and  the  lines  of  incision  through  the  cartilage  indicatetl.  In  c  the  cartilaginous  flaps 
are  bent  forward  and  the  skin  is  united  over  them. 


of  the  skin  are  reunitetl.     A  suture  may  be  jmssed  through  the  nose  for  a  few- 
days  to  keep  the  sides  pressed  together. 

Operation  of  Mikulicz.— The  operation  of  Mikulicz  is-  of  very  doubtful 
benefit.  It  is  an  elaboration  of  tiie  method 
of  Czerny.  Incisions  are  first  carried  from 
the  upper  ])art  of  the  depressed  bridge  of  the 
nose  downward  and  outward  along  the  fokl 
between  the  cheek  and  the  nose  and  through 
the  ala  into  the  nostril.  These  cuts  are  made 
on  each  side.  The  flaps  thus  formed  are  at- 
tached below  at  the  base  of  the  septum  and 
above  at  the  liridge  of  the  nose.  Tliey  are 
then  folded  forward  so  that  their  mucous  sur- 
faces shall  face  outward.  The  skin  surfaces 
are  placed  back  to  back,  forming  at  the  .same 
time  a  septum  and  a  buttress  against  which  a 
flap  turnetl  tlown  from  the  forehead  may  rest. 
The  epidermis  may  be  removed  from  the  two 
apposed  surfaces  of  the  flaps.  If  possible,  at 
least  a  portion  of  the  ala  should  be  left  at- 
tached to  tire  cheek  to  gi\-e  shape  to  the  new 
nose,  which  must  inevitably  tend  to  contract 
as  its  inner  raw  surface  cicatrizes. 

The  operation    is   compHcated    and    has 
little  to  conmiend  it. 

Schimmelbusch  and  Trendelenburg  have  gained  support  by  folding  down 
from  the  forehead  flaps  that  include  skin,  periosteum,  and  l^one. 


Fig.  496. — Operation  of  Schimmel- 
busch. The  skin  covering  the  nose  is 
retracted  in  two  flaps,  and  the  tip  of  the 
nose  is  lowered  by  a  transverse  cut.  In 
the  diagram  the  flap  from  the  forehead  is 
folded  into  position  to  fill  the  gap.  The 
piece  of  bone  in  the  flap  is  split  longitu- 
dinally so  that  it  may  be  folded  into  shajje. 
The  nasal  flaps  arc  to  be  replaced. 
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Oeration  of  Schim.melbusch.* — Two  triaiiffular  flaps  with  their  bases  below 
are  turned  down  to  expose  the  sunken  i)ortion  of  the  nose.  (Fig.  496.)  By  a 
transverse  incision  the  tip  of  the  nose  may  be  lowered.  An  elliptical  flap  is 
then  folded  down  from  the  furchcad,  a  portion  of  the  outer  plate  of  tlie  frontal 
bone  being  left  attached.  The  pedicle  of  this  flap  lies  between  the  eyebrows, 
just  above  the  tip  of  the  first  incision.  The  bone  in  the  flap  is  then  .split 
in  the  median  line  and  each  side  is  foldeil  backward  so  as  to  give  shape  to  the 
nose.  The  lower  ends  of  the  liony  flaps  are  pushcil  down  toward  the  ala-.  The 
original  skin  flaps  are  then  to  be  united  outside  the  flaps  tui'ued  down  from  the 
forehead.  At  a  later  operatif>n  the  pedicle  of  the  up- 
per flap  may  be  severed  and  any  granulating  areas 
covered  l)y  Thiersch  grafts.  A  great  disadvantage  in 
the  operation  lies  in  the  difficulty — amounting  perhaps 
to  impossibility — of  uniting  the  original  flajjs  outside 
the  flap  from  the  forehead. 

Oper.\tion  of  Trendelenburg. — The  operation  of 
Trendelenburg  f  is  similar  to  that  of  Schimmelbusch. 
Flaps  are  turned  down  from  the  bridge  antl  sides  of  the 
nose,  and  the  tip  is  depressetl  in  the  same  way.  An 
elliptical  flap  of  skin,  periosteum,  and  bone  is  taken 
from  the  forehead.  The  flap,  however,  instead  of  being 
folded  down,  is  turned  down  and  inserted  edgewise  within 
the  nose  through  an  incision  made  in  the  meilian  line. 
This  flap  thus  makes  a  new  septum  which  projects 
forward,  and  in  front  of  which  the  skin  flaps  must  be 
united.  In  order  that  the  flaj)  may  be  turned  easily, 
the  pedicle  of  the  flap  taken  from  the  forehead  must  be 
at  one  side  of  the  median  line  and  obliquely  placed. 
(Fig.  497.)  The  same  difficulty  that  is  experienced  in  the  Schimmelbusch 
operation — viz.,  in  making  the  external  skin  flaps  meet  in  front — arises  in  this 
operation,  although  in  less  degree. 

Operation  of  Helferich.J — An  inverted  U-shaped  incision  is  carried  across 
the  bridge  of  the  nose  and  downward  on  either  side  as  far  as  the  also.  The  skin 
within  this  area  is  folded  downward  and  the  lower  cartilaginous  portion  of  the 
nose  is  separated  from  the  l)one  l\y  a  transverse  cut  and  drawn  downward.  A 
flap,  including  a  piece  of  periosteum  and  bone  sufficient  to  form  a  new  bridge  to 
the  nose,  is  then  turned  down  from  the  forehead.  The  flap  folded  down  from  the 
nose  is  replaced  to  cover  over  the  lower  portion  of  the  flap  folded  from  the  fore- 
head. The  upper  part  of  the  frontal  flap  is  left  with  a  raw  sm-face  exposed.  At 
a  second  operation  the  pedicle  of  the  latter  flap  may  be  severed  and  folded  upon 

*Gesellschaft  f.  Chir.,  Berlin,  1895,  xxiv.,  342.  f  Arch.  f.  klin.  Chir.,  189.5,  L.,  iv.,  739. 

}  Gesellschaft  f.  Chir.,  1888,  xvii.,  108. 


Fig.  497. — Operation  of 
Trendelenburg.  The  flap 
from  tlie  forehead  is  in- 
serted edgewise  into  tlie 
nose.  Thus  a  new  sup- 
porting septum  is  formed. 
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itself  in  such  a  manner  as  to  meet  the  upper  end  of  the  flap  covering  the  tip  of 
tlie  nose  and  to  cover  the  raw  surface  above  it.     Later  still,  the  upper  fold  in  the 


The 
At 


flap  from  the  forehead  may  be  trimmed  and  fitted  accurately.  (Fig.  498.) 
operation  thus  involves  three  stages,  and  the  resulting  scar  is  complicated, 
times,  however,  it  may  be  found  that  some 
such  procedure  as  this  is  reciuired  for  covering 
the  upper  part  of  the  nose,  if  the  intention 
had  been  to  cover  in  the  bridge  of  the  nose 
with  the  original  skin  flaps  as  describetl  in 
the  operation  of  Schimmelbusch. 

Operation  of  Isr.\el.* — By  a  transverse 
incision  the  lower  part  of  the  nose  is  depressed. 
Then  a  narrow  vertical  flap,  including  skin, 
periosteum,  and  bone,  is  folded  down  from 
the  forehead.  After  this  flap  has  been  low- 
ered to  its  proper  place,  it  is  fastened  to  the 
tip  of  the  nose.  Thus  a  bridge  is  formeil,  with 
a  passage  underneath,  reaching  across  the  de- 
pression. The  anterior  surface  of  this  bridge, 
atfir.st  consisting  of  exposed  bone,  is  finally 
covered  in  by  cicatricial  tissue,  which  draws 
the  skin  forward  from  what  has  become  the 
posterior  surface  of  the  median  flap.  The 
skin  covering  the  depressed  bridge  of  the  nose  is  then  tlrawn  forward  on  each 
side  and  united  to  the  tissues  that  cover  the  bone  of  the  new  bridge.  What 
was  originally  the  skin  of  the  forehead  is  at  the  same  time  turned  inward  to  act 
as  a  lining  membrane  for  the  nasal  cavity. 

Oper.\tion  of  Neumann  and  Szy.MANOwsKi.f — A  long  inverted  V-shaped 
incision  is  made  with  the  apex  in  the  middle  of  the  forehead  and  the  arms  extend- 
ing down  on  either  side  of  the  bridge  of  the  nose  and  out  upon  the  cheeks  just 
above  the  ala?.  The  skin  flap  is  turned  down  and  a  transverse  cut  is  made  sepa- 
rating the  cartilaginous  from  the  bony  portion  of  the  nose.  The  cartilaginous  por- 
tion is  then  lowered  and  the  incision  is  sewed  up  in  the  shape  of  an  inverted  Y. 
There  is  liability  that  the  apex  of  the  flap,  if  cut  into  too  much  of  a  point,  will 
slough,  but  the  fundamental  objection  to  the  operation  is  that  the  central  por- 
tion of  the  nose  is  left  without  any  support  except  the  skin.  This  method  of 
forming  the  skin  flaps  may  of  course  be  used  in  connection  with  the  insertion 
of  some  support  in  the  middle  of  the  nose.  It  may  well  be  modified  somewhat 
by  including  with  the  skin  flap  a  piece  of  bone  from  the  forehead,  or  from  the 
upper  part  of  the  nose,  or  from  both  regions,  as  is  done  in  the  operation  of 

*  Gesellschaft  f.  Chir.,  1SS7,  xvi.,  85. 

t  "Handbuch  der  operativen  Chir.,"  1870,  331. 


Fig.  498.  —  Operation  of  Helferich ; 
Second  Stage.  Tlie  pedicle  of  tlie  front.al 
flap  is  cut  acros-s  and  folded  upon  itself 
to  cover  the  raw  surface  originally  left 
above  the  nasal  flap. 
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Nelaton*  for  partial  destruclinii  n(  the  iioj^c.  ruder  these  conditions  tlie  piece  of 
bone  from  tlic  upper  part  of  tlie  bridge  of  tlie  uose  should  be  carried  down  toward 
the  tip,  and  the  i)iece  from  the  frontal  bone  shoukl  replace  that  moved  down  from 
the  upper  part  of  the  bridge. 

Oi'KiiATioNS  OF  DiEFFENBACH  AXD  Langenbeck. — Tlicopcraiions  of  Dieffen- 


FlG.  499. — Operation  of  Langcnbeck.  In  a  any  vinsound  skin  between  tlie  incisions  BAD  and 
B  CD  may  be  excised.  The  tip  of  tlie  nose  may  be  depressed  by  a  deep  incision  along  the  line  B  CD. 
In  6  the  frontal  flap  is  shown  turned  into  position. 

bach  and  Langcnbeckf  are  essentially  the  same.  Incisions,  which  start  at  the 
glabella  and  extend  downward  toward  the  aUe,  are  made  in  the  form  of  an  in- 
verted V.    Any  unsound  skin  over  the  bridge  of  the  nose  may  be  excised ;  and  then, 


Fig.  500.— Operation  of  Roberts.     The  flap  EBCG  is  turned  down  beneath   the  flap  FACH. 
The  part  of  the  nose  below  the  incisions  G  CH  is  thus  lowered. 

if  necessary,  an  incision  may  be  made  through  the  cartilage  of  tlie  nose,  in  the 
one  case  transversely  and  in  the  other  in  the  form  of  a  flattened  and  inverted  V, 
in  order  that  the  point  of  the  nose  may  be  depressed.  Flaps  are  then  turned  down 
from  the  forehead  to  fill  the  gap  thus  left.  Dieffenbach's  flap  is  triangular,  while 
Langenbeck's  is  somewhat  crescentic  and  has  a  pedicle  turned  more  easily  by 


*  See  Fig.  4S.5,  on  page  "01. 

t "  H.mdbuch  der  operativen  C'hirurgie,"  1870,  p.  324. 
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curving  the  outer  incision  slightly  under  the  eyebrow.  (Fig.  499.)  In  neither 
case  is  provision  made  for  fokling  in  skin  to  fill  any  gap  that  may  exist  in  the 
mucous  membrane.     Cicatricial  contraction  is  therefore  certain. 

Operation  of  Roberts.* — Roberts  has  suggested  a  method  by  which  flaps 
with  their  pedicles  below  just  inside  the  inner  canthi,  and  with  their  apices  and 
inner  borders  ailjoining  in  the  middle  of  the  forehead,  may  be  freed  and  bent 
clown  so  that  one  lies  directly  above  the  other.  The  tip  of  each  flap  is  sutured 
to  the  petlicle  of  the  other.  The  outer  borders  of  the  triangular  area  left  exposed 
by  the  shifting  of  the  flaps  may  in  the  ujiper  part  be  dra^ni  together  by  sut- 
ures. In  this  operation  no  provision  is  made 
for  an  inner  fla]).     (Fig.  500.) 

SeCOXD   OpER.\TIO\   of    SzVM.VXOWSKI.f — A 

rhomboitlal  flap  is  cut  from  each  cheek.  The 
inner  sides  run  from  the  glabella  downward 
and  outward  to  the  ake ;  the  outer  side  of  each 
starts  at  the  inner  cauthus  of  the  eye  and  runs 
out  c5n  to  the  middle  of  the  cheek.  The  lower 
borders  are  horizontal,  and  on  a  level  with  the 
ala^.  The  pedicles  arc  adjacent  to  each  other 
between  the  eyes.    (Fig.  501.) 

Any  cicatricial  or  ulcerated  area  on  the  back 
of  the  nose  may  be  excised,  and  by  means  of 

a  transverse  cut  the  tip  may  be  depressed.  By  drawing  together  the  two  flaps 
and  uniting  them  above  the  tlepressed  tip  of  the  nose,  the  gap  is  closed.  But, 
as  no  inner  .surface  is  provided,  cicatricial  contraction  is  certain. 

Operation  of  Czeravinski.  J — At  a  preliminary  oi:)eration,  an  elliptical  flap  is 
cut  from  the  forehead  and  is  doubled  upon  itself  in  such  a  manner  that  the  raw 
surface  of  the  tip  is  brought  against  the  raw  surface  of  the  base ;  thus  a  triangu- 
lar flap,  with  an  internal  and  an  external  laj'cr  of  skin,  is  formed.  And  at  a  second 
operation,  this  flap  i-^  turned  down  into  the  gap  left  by  freeing  and  depressing 
the  lower  part  of  the  nose.  If  necessary,  the  flap  may  be  cut  obliquely  from 
the  forehead  in  order  to  gain  length  of  tissue. 

Second  Operation  of  Roberts. — Roberts  has  also  suggested  a  method  by 
which  flaps  of  skin  may  lie  inserted  between  the  upper  portion  and  the  tip  of  the 
nose  after  the  latter  has  been  lowered  l)y  a  transverse  cut  through  the  depressed 
bridge.  Flaps  may  be  cut  on  each  side  from  the  fold  between  the  nose  and  the 
check,  and  these  may  be  folded  into  the  gap  in  the  nose  and  united  by  their  tips 
in  the  median  line.  The  cutaneous  surfaces  thus  look  inward.  The  breadth 
of  the  flaps  should  correspond  to  the  height  of  the  gap  to  be  filled.  The 
areas  from  which  the  flaps   wci'c  removed  may  be  closed  by  direct  suture. 

*"Suvsical  Treatment  of  Disfigurement.^  and  Deformities  of  the  Face,"  1902. 
t"Handbiich  der  operativen  Chir.,"  1870,  31.5.  |('entralblatt  f.  Cliir.,  1889,  xvi.,  129. 


Fig.  501. — Second  Operation  of 
Szymanowski.  The  two  flaps  are 
brought  together  to  fill  the  defect 
wiiicii  is  created  when  tlie  tip  of  the 
nose  is  lowereil. 
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The  lla])s  witli  tlicir  I'aw  surfaces  turned  ovitward  may  he  covered  l)y  other  flaps 
turned  down  from  tliat  nail  of  tlie  foreh(-ad  wliich  lies  between  the  eyebrows. 


Increaski)  Size  of  tiik  Nose. 

Many  plastic  ojx'i'utions  intended  to  correct  dt'forniity  or  to  reduce  the  size 
of  parts  of  the  nose  are  done  subcutaneously  through  incisions  made  within  the 
nostrils.     These  arc;  not  lUscussed  here. 

Increase  in  the  size  of  the  nose  as  a  whole  is  not  uncommonly  due  to  hyper- 
trophic acne.  This  condition,  which  is  most  disfiguring  to  the  victim,  may 
usually  be  satisfactorily  corrected  by  cutting  off  with  a  knife,  or  scraping  away 


Fig.  502. — Operation  of  Mikulicz.  Tlie  septum  is  divided  along  the  line  CD  (see  a).  The  sides 
BCD  are  folded  in  to  form  new  borders  of  the  nostrils.  The  tip  A  is  drawn  back  to  form  a  new  lower 
border  of  the  septum  (see  b). 

with  a  sharp  curette,  the  hypertrophied  skin,  and  then  covering  with  Thiersch 
grafts,  if  necessary,  any  areas  too  deeply  denuded.  The  same  results  may  be 
accomplished  by  the  thermo-cautcry. 

Undue  elongation  of  the  nose  may  be  correctetl  by  the  method  of  Joseph, 
who  cut  away,  from  tlie  sides  and  base  of  the  nose,  a  broad  enough  strip  of  skin, 
in  the  shape  of  an  inverted  V,  to  allow  the  lower  portion  to  be  raised  after  enough 
of  the  bony  and  cartilaginous  framework  had  been  removed,  antl  after  a  wedge- 
shaped  piece  of  the  septum  had  been  cut  away. 

Much  more  satisfactory,  however,  is  the  method  of  ilikulicz  *  who  cut  out  a 
wedge-shaped  piece  of  the  lower  end  of  the  septum,  thus  permitting  a  folding 
backward  of  the  elongated  tip  of  the  nose,  which  portion,  when  properly  reduced 
in  size,  is  used  to  form  the  new  lower  part  of  the  septum.     (Fig.  502.) 

*Arcli.  f.  klin.  Chir.,  1884. 
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Absence  of  the  Nose. 


In  tliosc  rare  instances  in  which  tlierc  is  a  complete  absence  of  the  nose  at 
birth,  the  operation  of  JIaisonneuve*  is  the  simplest  and  best  procedure. 

Operation  of  Maisonneuve. — A  V-shaped  cut  is  made  in  the  upper  liii. 
The  point  of  the  V  is  exactly  at  the  red  border  in  the  median  line.  The  ends  of 
the  arms  reach  exactly  to  the  point  where  the  nostrils  should  be.  Ailditional  in- 
cisions are  carried  horizontally  outward  from  the  ends  of  the  arms  of  the  V. 
The  tissues  above  this  cut  are  drawn  forward.  The  V-shaped  piece  is  then 
bent  back  to  form  a  septimi.  The  sides  of  the  defect  left  in  the  upper  lip  are 
drawn  together.  Thus  nostrils,  through  which  the  child  may  at  least  breathe, 
are  established  and  may  be  kept  open  by  inserting  rublier  tubes  until  heahng  is 
complete. 

Prosthesis. 

Artihcial  noses  have  been  made  out  of  white  silver,  India  rubber,  aluminum, 
gutta-percha,  porcelain,  antl  paper.  At  best,  an  artificial  nose  is  unsatisfactory; 
and  the  method  of  support  is  often  a  considerable  problem.  Certain  patients 
can  beai-  to  have  a  nose  supported  by  wires  which  get  their  bearing  within  the 
nasal  fossaj  or  on  the  floor  of  the  nose.  In  other  cases  a  band,  that  gets  its  sup- 
port from  the  occiput,  has  been  passed  over  the  head.  The  simplest  and  most 
generally  satisfactory  method  is  to  have  the  artificial  nose  attached  to  a  pair  of 
spectacles,  the  necessary  support  being  thus  derived  from  the  ears.  The  danger 
of  the  nose  being  broken  is  always  present. 

EARS. 

Before  considering  at  all  the  various  plastic  operations  performed  upon  the 
external  ear,  we  desire  to  call  attention  to  the  diagram  of  a  normal  ear  (Fig.  503) 
in  order  to  avoid  confusion  in  the  names  of  the  various  parts. 

The  anatomical  variations,  within  normal  limits,  are  greater  in  the  external 
ear  than  in  any  other  part  of  the  body.  The  lobule  may  be  very  broad  or  very 
pointed,  entirely  free  from  the  side  of  the  neck  or  closely  bound  down  to  it. 
The  helix  may  roll  over  decidedly  and  thus  limit  a  rather  deep  fossa,  or  it  may  be 
so  flat  as  to  be  scarcely  differentiated  from  the  fossa  of  the  helix.  Such  varia- 
tions are  so  connnon  that  it  is  hard  to  define  the  normal.  It  is  only  when  the 
two  ears  are  not  symmetrical  that  surgical  interference  may  be  necessary. 

Of  more  importance  is  the  form  of  the  anti-helix,  though  here  again  wide 
variations  occur  within  normal  limits.  The  fold  along  the  anti-helix  may  be 
very  sharp  or  very  much  rounded.     The  posterior  arm  of  the  anti-helix,  which 

♦Bulletin  de  Tlu'rapeutique,  185.5,  p.  559. 
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Fig.  503. — Diagram  Showing 
tlie  Parts  of  a  Normal  Exter- 
nal Ear.  Particular  attention 
is    directed    to   the   anti-helix, 


above  divides  the  fossa  of  the  anti-helix  from  tlie  fossa  of  the  heUx,  varies  greatly 
in  its  prominence,  at  times  being  almost  absent.  But  when  there  is  not  a  clear 
division  between  the  two  fo.ssa-  the  ear  is  less  graceful  and  its  ui)1)(t  part  is  apt  to 

project.  1;<).><S  of  a  sharp  division  between  the  con- 
cha anil  the  fossa"  above  and  behind  it  is  clearly 
abnormal. 

Tliere  are  also  wide  variations  in  the  nianner  in 
which  the  ear  is  attached  to  the  head.  The  angle  at 
which  the  ear  is  tilted  is  of  relatively  little  impor- 
tance; but  the  angle  at  which  it  stands  off  from  the 
licad  is  of  great  consequence. 

The  size  of  the  ears  varies  greatly  within  normal 
limits,  but  here  again  asynnnetry  is  always  abnormal. 
Plastic  operations  are  undertaken: — to  correct 
congenital  or  acquired  defects  or  malformations;  to 
correct  cicatricial  deformities  resulting  from  burns, 
frost  bites,  or  trauma;  to  restore  the  ear  as  nearly 
as  possible  to  its  normal  shajje  after  parts  have  been 

which  is  usually  a  sharp  fold 

below,  dividing  above  into  a     removcd ;  and  to  correct  undue  prominence. 

sharp  fold  below  the  fossa  of  Certain  general  rules  should  be  followed,  as  far  as 

the  anti-helix,  and  a  much  less 

pronounced  fold  above  and  be-  possible,  in  Operations  on  the  ear.  Incisions,  for  exam- 
hind   it,   which  separates   the       ,^i  ,],„,,  1,1 

,  ,  ^,     ,  ,.     t        t,        pie,      should, 

fossa   of   the    helix    from    the  '       '  ' 

fossa  of  the  anti-helix.      Many  if  possible,  be 
malformations   of   the  ear  de-  ^        , 

pend    upon   the   shape  of    the  COnniietl         tO 

anti-helix.  the   postcrior 

surface.  Accurate  apposition  of  carti- 
lage to  cartilage  and  of  skin  to  skin  is 
also  very  important.  The  attempt 
should  never  be  made,  if  it  can  pos- 
sibly be  avoided,  to  hold  the  ear  or  any 
portion  of  it  in  a  new  position  against 
the  natural  spring  of  the  cartilage.  As 
the  ear  is  peculiarly  liable  to  keloid  for- 
mation, it  is  very  important  to  secure 
healing  by  first  intention  and  to  avoid 
tension  upon  or  irritation  of  any  scars. 
Congenital  Anomalies  of  the  Ex- 
ternal Ear. — Among  the  congenital 
anomalies  of  the  external  ear  there  are  many  varieties.  In  some  instances,  the 
entire  ear  is  lacking;  in  others,  portions  are  lacking;  in  still  others,  there  is  a 
congenital  anomaly  of  form  due  to  a  misijlacement  of  the  cartilages  upon  each 
other.    (Fig.  504.)    In  cases  in  which  any  large  part  of  the  external  ear  is  miss- 


FiG.  504. — Malformation  of   the  Ear  Due  to  Ir- 
regular Union  of  the  Cartilages. 
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ing,  plastic  operations  should  be  undertaken  only  after  most  careful  consideration. 
It  is  a  matter  of  such  extreme  difficulty  to  build  up  an  external  ear  which  shall 
maintain  its  shape  for  any  length  of  time  that  better  results  are  usually  to  be  ob- 


FiG.  505. — Operation  for  the  Removal  of  a  Wedge-shaped  Portion  of  tlie  Upper  Ear.  (After 
Chev-ne  and  Burghard.)  The  distance  from  .1'  to  B'  should  equal  the  distance  from  .4  to  B.  In  this 
manner  any  inequality  in  the  lengths  of  the  sides  of  the  wedge  as  originally  cut  may  be  disregarded. 

tained  by  using  some  prosthetic  apparatus.  Attempts  have  nevertheless  been 
made  to  form  an  ear  by  utilizing  the  skin  from  over  the  mastoid  region,  a  double 
flap  being  employed.  Such  an  operation  has  been  described  by  Szymanowski,  who 
made  the  external  flap  by  a  semilunar  incision  posterior  to  the  meatus.  This 
incision  is  incomplete  behind  in  order  that  a  crescentic  piece,  convex  anteriorly 


Fig.  506. — Operation  of  Parkliill.      The  same  rule  holds  as  in  the  preceding  operation. 

and  of  the  same  size  as  the  first  flap,  may  be  left  attached  to  it  to  be  folded  in  to 
form  an  inner  flap.  At  best  such  an  ear  would  be  a  shapeless  projection  of 
flabby  skin. 
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Attempts  have  also  been  made  to  form  a  new  ear  by  transferring  skin  first 
from  the  abdomen  to  the  arm,  and  tlii'ii  from  the  latter  to  the  head. 

In  some  of  the  less  serious  defects  it  may  be  possible  to  make  the  lower  part 


Fu;.  507. Operation  of  Gersuny.     Method  to  be    followed  where  the    defect  is  located  in  the 

upper  part  of  the  lielix, 

of  the  ear  relatively  normal  anil  trust  to  concealing  beneath  the  hair  the  absence 
of  the  upper  part. 

In  cases  in  which  the  cartilages  are  misplaced,  one  upon  another,  very  marked 
benefit  can  usually  be  derived  from  a  carefully  planned  plastic  operation.  It 
is  important  always  in  such  cases  to  plan  the  flaps  in  such  a  way  that  every 


Fig.  508. — Operation  of  Gersuny.      Method  to  be  followed  where  the  defect  is  located  in  tlie  lower 

part  of  the  helix. 

particle  of  skin  may  be  .saved,  as  usually  in  addition  to  the  defect  of  form  there 
is  a  defect  in  size.  In  all  such  cases  the  elasticity  of  the  cartilages  is  to  be  care- 
fully taken  into  consideration  in  planning  the  operation. 

Acquired  Defor.vities  of  the  External  E.\r. — One  of  the  most  common 
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acquired  deformities  is  a  binding  down  of  the  lobule  to  the  side  of  the  neck  by 
cicatricial  bands,  usually  the  result  of  severe  burns.  This  may  be  easily  corrected 
by  cutting  across  or  excising  any  such  bands  antl  uniting  the  edges  of  the  skin  on 
each  side  separately.  Though  the  shape  of  the  lobule  differs  greatly  in  different 
individuals  it  is  essential  that  the  two  sides  should,  if  possible,  be  symmetrical. 
It  is  important,  also,  that  the  incisions  lie  made  low  enough  to  include  sufficient 
tissue  to  form  a  lobule  of  proper  size,  and  with  the  resulting  scar  u])on  its  pos- 
terior surface,  where  it  may  be  inconspicuous.     The  removal  from  the  neck  of 


Fig.  509. — Ont.standing  Ears.     The  deformity  is  clue  to  the  position  of  tlie  ears  as  a  whole  upon 
the  head.     The  angle  at  the  anti-helix  is  normal. 


the  extra  tissue  necessary  to  accomplish  this  docs  not  materially  add  to  the 
visible  scar. 

An  absence  or  defect  of  the  lobule  may  be  corrected  in  a  similar  manner  by 
taking  a  flap  of  skin  and  underlying  tissues  from  the  neck.  It  must  be  remem- 
bered, however,  that  the  fat  in  such  a  flaii  is  largely  absorbed  and  that  the  skin 
shrinks  decidedly  as  soon  as  it  is  transferred  to  its  new  position  and  so  in  part 
deprived  of  its  nutrition.  It  is,  furthermore,  a  very  difficult  matter  to  form  a 
new  lobule  which  shall  appear  to  spring  normally  from  the  ear  rather  than  from 
the  neck. 

Minor  defects  of  the  lobule  which  are  quite  common  may  be  corrected    by 

direct  union  of  the  sides  of  the  gap. 
VOL.  IV.— 46 
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Under  soni(>  circuinstiuifcs  tlic  iiijc'ction  of  paraffin  into  tlic  loliulo  may  bo  of 
use. 

Cicatricial  cunti'actidns  (if  other  parts  of  the  external  ear  are  often  most 
ilillicult  to  correct.  I'nless  they  are  situated  in  places  where  it  is  easy  to  intro- 
(hicc  skill  fia])s  from  the  cheek  or  from  other  neii;;hl)orin<;  pai'ts  it  is  very  fre- 
i|uently  found  that  cicatrices  in  the  upper  part  of  the  car  which  di'aw  it  down- 
ward or  forward  involve  more  or  less  of  the  cartilage.  In  the  correction  of  such 
deformities  no  general  rules  can  he  laid  down  because  no  two  cases  are  alike. 
It  may  often  be  ])ossible,  howcvei',  to  fi'ce  the  skin  and  slide  it  upioii  the  undei'- 
lying  cartilage  unless  the  surface  is  too  rough  and  irregular. 

In  cases  in  which  a  part  of  the  upper  ear  is  lost  several  methods  have  been 
devised,  the  object  of  which  is  to  maintain  as  far  as  possible  the  general  form  of 


Fig.  510. — Outstanding  Ear.     Tlie  deformity  i.s  dup  chiefly  to  the  position  of  the  ear  as  a  whole — 
in  sniaU  part  only  to  the  loss  of  the  angle  at  t!ie  anti-lielix.      a,  Rear  view;  b.  front  view. 

the  ear,  and  at  the  same  time  iirevent  the  union  of  the  sides  of  the  defect  from 
drawing  the  remaining  parts  out  of  their  proper  positions. 

Operation  of  Cheyne  and  Burghard. — Chcync  and  Burgliartl*  describe  a 
method  by  which  a  crescentic  piece,  immediately  above  the  anti-helix,  may  be 
removed  in  order  to  allow  approximation  of  the  sides  of  a  wedge-shaped  gap  in 
the  upper  part  of  the  ear.  (Fig.  505.)  The  prominent  edge  of  the  anti-helix  is 
left  intact.     The  posterior  upper  arm  of  the  anti-helix  is  disregarded. 

Oper.ation  of  Parkhill. — Robertsf  describes  a  method  that  was  devised  by 
Parkhill,  and  that  is  adapteil  to  reducing  the  size  of  the  ear  or  to  closing  a  defect 
in  the  helix  at  its  posterior  part.  (Fig.  506.)  In  all  essentials  the  operation  is 
*  Vol.  v.,  p.  183.  t  "Deformities  of  the  Face,"  page  57. 
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similar  to  the  one  just  described,  except  that  the  crescentic  piece  is  excised  from 
an  area  behind  rather  tlian  aljove  the  anti-helix. 


Fig.  511. — Prominent  Ear.      Deformity  is  due  to  los.s  of  normal  angle  at  the  anti-helix.      (Com- 
pare Fig.  510.) 


Fig.  512. — Prominent  Ear.     The  deformity  dvie  to  Io.ss  of  normal  angle  at  the  anti-hcU.x  is  done 
away  with  by  restoring  the  angle.      (Same  person  as  in  Fig.  511.) 
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OrEiiATioN  OF  Geksuny.* — Gersuny,  instead  of  excising  a  crescentic  area 
above  the  anti-helix,  has  taken  out  a  crescentic  piece  IVoin  tlie  outer  part  of  the 
fossa  helicis,  just  inside  the  heHx.  (Fig.  507.)  In  this  nianncr  the  scar  is  left  in  a 
less  conspicuous  position,  just  under  the  fold  of  the  helix ;  and  no  strain  whatever, 
or  change  in  relation  of  the  more  central  |iarts  of  the  ear,  is  caused.  The  opera- 
tion is  admirably  adapted  to  those  cases  in  which  a  ]iait  of  the  helix  is  lost,  hut 
in  which  there  has  becMi  no  loss  in  the  rnoi-c  central  i)a,rt  of  the  ear  towai'd  the  an- 
ti-helix. The  upper  outer  border  of  the  excised  crescent  must  reach  along  the  edge 
of  the  helix  as  far  as  the  point  where  it  is  attached  to  the  head.  The  width 
of  the  crescentic  piece  of  jiinna  removed  should  be  nearly  two-thirds  the  length 
of  the  gap  to  be  closed. 

Almost  precisely  the  same  procedure  may  be  followed  when  the  defect  in  the 
helix  is  low  down.  (Fig.  508.)     The  crescentic  piece  need  not  be  excised  from 


Fig.  513. 


Fig.  514. 


Figs.  513  and  514. — Re.sult  of  Operation  to  Re.store  the  Angle  at  tlic  Anti-helix.      (Same  person 
as  in  Figs.  511  and  512.)      Fig.  513,  front  view;  Fig.  514,  rear  view. 


an  area  adjacent  to  the  defect,  but  it  should,  by  preference,  be  taken  from  the 
most  prominent  and  curving  part  of  the  ear,  where  the  removal  of  a  relatively 
small  piece  will  not  materially  diminish  the  size  of  the  circle  which  the  freed 
helix  must  surround.  The  risk  here  lies  in  the  impaired  nutrition  of  the  long 
flap  of  the  helix. 

Any  of  these  operations  maj^  of  course,  be  performed  in  cases  in  which  it  is 
desired  simply  to  reduce  the  size  of  the  ear. 

♦Wiener  med.  Wochenschrift,  1903,  No.  48. 
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Abnormally  Prominent  Ears  may  be  (liviiled  into  two  grou])s:  in  the 
first,  the  ear  itself  is  of  normal  shape,  but  is  attached  to  the  head  in  an  alinor- 
mal  position.  (Figs.  509  and  510.)  In  the  .second  group,  the  prominence  is  due 
to  an  abnormality  in  the  ear  itself.     (Fig.  511.) 

It  should  be  borne  in  mind  constantly  that  the  shape  of  the  ear  depends 
upon  the  shape  of  tlie  cartilage,  and  the  shape  of  the  cartilage  depends  chiefly 
upon  its  area. 

If  it  is  necessary  to  bring  the  ear  as  a  whole  back  against  the  head,  crescentic 
pieces  of  skin  may  be  removed  from  the  upper  part  of  the  mastoid  process  and 
from  an  exactly  corresponding  area  on  the  posterior  surface  of  the  ear.     It  is 


Fig.  515. — Prominent  and  Misshapen   Ears.     That  on  the  patient's  right  side   is  unduly  prominent, 
while  that  on  the  left   is  both  prominent  and  misshapen.      No  angle  at  anti-helix  on  cither  side. 


essential  that  all  tissues  be  removed  down  to  the  periosteum  of  the  skull  and 
down  to  the  cartilage  of  the  ear.  It  is  usually  wise  to  go  further  and  shave 
off  some  of  the  cartilage  without  actually  perforating  it,  in  order  that  the  force 
of  the  spring  in  the  cartilage  may  be  tliminished.  Cartilage  should  be  united 
to  periosteum.  If  any  tissues  intervene,  the  spring  of  the  cartilage  will  cause 
stretching  of  the  scar;  and  the  deformity  may  then  be  reproduced.  If  so,  in 
addition  to  the  prominence,  the  appearance  of  the  ears  from  behind  will  be  veiy 
objectionable.     With  the  excision  of  the  pieces  of  skin  the  natural  depth  of  the 
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fold  between  the  ear  and  the  side  lA'  ilic  head  is  much  (Hminislied.  If  the 
resulting  scar  becomes  stretched  out,  the  ears,  as  seen  from  behind,  suggest 
those  of  a  bull-dog. 


Fig.  516. 


Fig.  517. 

Figs.  516  and  517.— Side  Views  of  the  Same  Per.son's  Left  Ear.  (Compare  Fig.  515.)  Fig.  516, 
malformed  left  ear;  no  angle  at  anti-helix;  redundant  cartilage  in  upper  part  of  ear.  Fig.  517,  angle 
at  anti-helix  of  the  same  ear  restored:  redundant  cartilage  brought  into  view  by  restoring  tlie  normal 
position  of  the  parts. 
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In  the  second  group  of  cases,  the  upper  or  posterior  parts  of  the  ear,  or  both, 
stand  out  abnormally,  owing  to  an  insufficient  angle  at  the  anti-helix,  between 
the  concha  and  the  fosste  above  and  behind  it.  Such  a  deformity  may  vary  in 
degree  up  to  a  complete  alisence  of  the  anti-helix,  in  which  case  the  concha  seems 
to  include  the  whole  upper  part  of  the  ear.  (Fig.  511.)  This  type  of  deformity 
may,  of  course,  be  corrected  by  uniting  the  ear  to  the  side  of  the  head,  exactly 
as  has  already  been  described.  It  is  more  rational,  however,  to  correct  the  de- 
formity by  changing  the  shape  of  the  cartilage.  It  is  possible  to  determine  the 
exact  line  along  which  the  shape  of  the  cartilage  needs  to  be  changed,  by  pressing 
back  the  ear  with  the  fingers.  (Fig.  512.)  Then,  by  excising  a  jiicce  of  skin  from 
the  po.sterior  surface  along  this  line  and  cutting  out  a  strip  of  cartilage,  the  ear 
will  assume  a  normal  shape.  In  doing  this,  it  is  important  to  avoid  perforat- 
ing the  skin  of  the  anterior  surface,  unless  under  exceptional  circumstances  it 
may  seem  wise  to  excise  a  segment  including  the  entire  thickness  of  the  ear. 


Fig.  51S. 


Fig.  519. 


Fig.  51S. — Malformation  of  Upjier  Part  of  Ear  Due  to  .Abnormal  Prominence  and  Direction  of 
the  Po.sterior  Arm  of  tlie  Anti-lielix. 

Fig.  519. — Malformation  of  tlie  Posterior  Arm  of  Anti-helix.  In  both  thi.s  and  tlie  preceding 
persons  the  malformation  is  due  to  redundant  area  of  cartilage. 


Usually,  however,  any  redundancy  of  the  anterior  skin  soon  disappears.  (Figs. 
513  and  514.) 

In  some  instances  the  prominence  of  the  ear  is  due  to  the  large  size  of  the 
concha  which,  in  spite  of  a  normal  angle  at  the  anti-helix,  swings  far  enough  for- 
ward to  make  prominent  the  parts  behind  and  above  it. 

The  shape  of  the  piece  of  cartilage  to  be  removed  varies  in  each  individual 
case.  At  each  end  it  shoukl  always  taper  to  a  point.  AVhen  the  cartilage  is 
thick  enough  to  make  any  difference,  the  piece  removed  should  be  wedge-shaped, 
wider  on  the  posterior  than  on  the  anterior  surface.  The  width  of  the  strip,  its 
direction,  and  its  shape  nuust  vary  with  circumstances.  Most  important  of  all 
is  that  the  two  ears  should  tie  symmetrical.     (Fig.  515.) 

The  dependence  of  the  shape  of  the  ear  upon  the  area  of  the  cartilages  is  well 
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sliown  in  Fif^s.  filCi  and  517.  In  such  a  case  excision  of  a  certain  amount  of 
cartiiaf;;e  is  absolutely  necessary  in  case  the  ear  is  to  be  restored  to  its  normal 
shape.  In  such  a  condition  the  wearinji;  of  caps  to  hdld  the  ear  hack  would  be 
absolutely  useless.  In  many  cases,  however,  in  which  the  cartilage  springs 
into  either  a  normal  or  a  coni|(letely  abnormal  position  upon  the  a|)plication  of 
slight  force,  simply  holding  it  in  normal  position  may  easily  lead  to  a  complete 
cure  without  operation. 

A  comparison  of  Figs.  516  and  .')  17  with  those  of  congenital  malformation 
of  the  anti-helix  (Figs.  518  and  519)  is  interesting  and  suggestive  as  regards  the 
importance  of  the  area  of  cartilage  in  causing  the  malformation. 

Artificial  Ears. — Artificial  ears,  usually  made  of  papier-mache,  may  be  at- 
tached easily  by  means  of  si)rings  encircling  the  heatl  and  concealed  by  the  hair. 
They  must  of  course  be  modelled  to  correspond  exactly  to  the  ear  of  tlie  oppo- 
site side.  When  the  defect  is  great,  the  appearance  of  an  artificial  ear  is  usu- 
ally better  than  that  of  anything  which  can  be  constructed  by  plastic  opera- 
tions. The  chief  and  unsurmountablc  difficulty  with  an  artificial  ear  is  its 
necessarily  constant  color. 


PART  XV. 
ORTHOPEDIC    SURGERY. 


CONGENITAL  DISLOCATIONS. 

By   CHARLES   F.    PAINTER.    M.D..    Boston,  Mass. 


Of  the  congenital  deformities  to  whieh  tlie  human  body  is  subject,  disloca- 
tions of  the  various  joints  represent  a  considerable  portion.  Some  of  these  are 
not  true  dislocations,  but  are  described  as  such  because  one  bone  which  nor- 
mally participates  in  the  construction  of  an  articulation  is  out  of  its  customary 
relations  in  consequence  of  the  absence,  in  whole  or  in  part,  of  its  comi>anion 
bone.  In  this  way  when,  for  example,  the  radius  is  missing,  we  may  have  a 
congenital  luxation  of  the  carpus,  and  when  the  fibula  or  tibia  is  absent  we  may 
have  a  congenital  luxation  of  the  tarsus.  This  is  an  entirely  different  condition 
from  that  which  obtains  when,  throvigh  a  defect  in  the  shape  of  the  acetabulum 
or  of  the  contour  of  the  femoral  head,  these  two  bones  are  not  kept  in  normal 
relations  to  each  other. 

The  causes  for  these  congenital  defects  are  scarcely  better  understood  to-day 
than  they  w-ere  ten  years  ago  (1898),  when  Kirmisson,  after  devoting  nine  years 
to  their  study,  ventured  to  publish  his  "Traite  des  Malaches  Chirurgicales 
d'Origine  Congenitale." 

These  dislocations,  such  as  that  of  the  carpus  or  tarsus,  associated  with  a 
congenital  absence  of  the  radius  or  the  fibula,  are  obviously  different  in  their 
causation  from  those  of  the  hi]).  In  the  former  there  is  undoubtedly  some 
embryological  defect  whereby  an  entire  member  has  been  left  out.  In  the 
latter  there  is  much  less  evidence  of  a  lack  in  development,  the  consi)icuous 
feature  brought  out  by  a  study  of  the  cases  being  that  the  deformity  seems  to 
be  caused  by  a  faulty  position  of  the  foetus  in  utero. 

Many  factors  may  enter  into  the  etiology  of  congenital  dislocations.  Devel- 
opmental peculiarities  of  various  kinds,  abnormalities  of  position  of  the  foetus, 
and  changes  in  the  amount  of  amniotic  fluid  and  therefore  of  the  pressure  upon 
the  foetus  from  the  walls  of  the  uterine  cavity,  are  the  chief  influences  which 
seem  to  be  concerned  in  tiie  ])roduction  of  these  deformities.  An  appreciation 
of  the  fact  that  such  factors  as  these  are  concerned  in  the  establishment  of  the 
conditions  under  consideration  should  have  an  influence  in  determining  the 
character  of  the  treatment  undertaken.  The  influences  which  determine  growth 
and  development  are  not  known  in  their  entirety.  The  arrangement  of  the  cells 
composing  those  jiarts  of  the  embryo  which  are  to  enter  into  the  formation  of 
a  given  bone  or  joint  may  be  an  essential  feature  of  the  normal  growth  of  that 
part.     It  is  obvious  that  if  such  arrangement  is  an  essential  in  the  matter  of 

731 


732  AMERICAN   riUCTJC'l-:  OF  SLHCiaiY. 

growth,  no  human  power  can  effect  a  rearrangement  of  these  cells.  It  is  even 
more  inronceivablo  that  any  peculiariti(>s  of  development,  which  are  dependent 
upon  Ihc  absence  of  cells  or  groui)s  of  cells  from  a  given  bone  or  joint,  should 
be  capaiile  of  cori-ection  by  liumaii  agency.  After  the  termination  of  uterine  life 
there  may  l)e  extra-uterine  conditions  which  are  influential  in  determining  the 
increase  of  deformities  already  begun  which  wei-e  not  dependent  upon  any  pri- 
mary structural  defects  in  the  embryo.  It  seems  more  than  likely  that  an 
approximatlnu  of  tlie  constituent  ])arts  of  a  joint,  after  the  manner  that  Nature 
iias  employeil,  represents  an  essential  factoi-  in  the  uoi'inal  growth  and  develop- 
ment of  that  joint.  There  is  abundant  evidence  that  the  deprivation  of  any  part 
of  the  body  of  its  capacity  for  normal  function  imj-airs  tlie  growth  of  that  part; 
and  if  that  can  be  true,  as  it  is,  at  a  period  of  life  when  growth  has  ceased, 
except,  ill  so  far  as  a  replacement  of  the  wear  and  tear  of  tissue  is  concerned, 
it  must  certainly  be  all  the  more  true  of  those  periods  of  life  when  there  is 
the  greatest  cellular  activity  and  the  greatest  evidence  of  tissue  building  and 
growth,  ^\'here  infantile  paralysis  or  some  inflammatory  condition  causing  an 
ankylosis  of  large  joints  has  been  present,  there  is  a  very  noticeable  interference 
\\ith  the  growth  of  the  limb  in  length.  The  failure  to  increase  in  length  is  in- 
dicative of  a  diminution  of  the  nutritive  ]>rocesses  in  the  limb  very  largely  de- 
pendent upon  the  impairment  of  function.  Alnuulant  evidence  of  this  influence 
could  be  adduced  were  further  proof  necessary. 

When  the  bones  of  limbs  thus  put  out  of  commission  through  paralysis  or 
ankylosis  arc  studied  by  means  of  the  radiograph,  it  is  at  once  ajiparent  that 
there  is  an  atrophy  of  structure  as  well  as  an  atrophy  of  size.  When  such  an 
articulation  as  the  hip  joint  is  studied  under  such  conditions  as  have  been  de- 
scribed above,  it  is  found  that  this  structural  atrophy  is  not  confined  to  the 
femur,  but  is  apparent  in  the  innominate  bone  as  well.  Thus  it  can  readily  be 
understood  that  impairment  of  function  at  a  given  joint,  whether  brought  about 
by  inHannnation  or  paralysis — two  causes  which  nuist  operate  to  a  certain  extent 
in  diff ei-ent  ways — results  in  structural  changes  in  the  respective  articulation.  If 
such  changes  as  are  evident  under  these  circumstances  can  take  place  for  this 
cause,  it  seems  reasonable  to  explain  the  changes  which  are  so  evident  in  many 
of  the  congenital  misplacements,  luxations,  and  dislocations  on  the  ground  that 
they  are  structural  adaptations  to  the  anatomic  disarrangement.  We  are  no 
nearer  an  explanation  of  the  prime  causes  of  the  dislocations  than  we  were  before, 
perhaps;  but  we  are  in  a  position  to  anticipate  the  results  of  various  forms  of 
treatment  more  intelligently  than  if  we  regard  the  congenital  dislocation  of  any 
joint  merely  as  an  anatomic  condition,  which  only  recjuires  the  proper  manipu- 
lative dexterity  to  insure  a  restoration  to  the  normal  both  anatomically  and 
functionally.  It  has  seemed  to  the  writer  that,  in  much  of  the  discussion  of 
congenital  dislocations,  particularly  in  that  which  has  been  written  concerning 
congenital  dislocation  of  the  hip,  this  point  of  view  had  been  lost,  and  that  the 
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ideal  result  which  the  surgeon  hail  been  holding  up  as  his  goal  was  that  of  the 
traumatic  dislocation  which  was  capable  of  nianijjulative  reduction.  In  con- 
secjuence  of  the  pursuit  of  such  a  false  ideal  much  unprohtable  discussion  and 
unfruitful  investigation  has  been  indulged  in  by  many  enthusiasts  whose  zeal 
has  prom]ited  injudicious  endeavor. 

ITofta,=''  in  discussing  congenital  deformities,  under  which  heading  are  in- 
cluded all  the  dislocations,  makes  two  main  divisions. 

The  first  includes  the  ])rimary  or  idiojiathic  deformities,  of  which  congenital 
club-foot,  rlub-liaiid,  and  congenital  scoliosis  are  examples.  In  tliis  class  he 
calls  attention  to  the  atavistic  character  of  the  deformities,  pointing  to  heredi- 
tary influences. 

In  his  second  class  he  includes  those  deformities  wliicli  liave  resulted  from 
abnormal  conditions  in  utero,  the  result  of  faulty  posture,  or  abnormalities  in 
the  amount  or  distribution  of  the  anmiotic  fluid.  Among  these  are  congenital 
dislocations  of  the  hip,  intra-uterine  amputation  of  limbs,  and  congenital  absence 
of  individual  bones  or  parts  of  bones.  By  such  abnormalities  of  position  and 
variation  from  the  normal  conditions  of  intra-uterine  pressure,  embryonic  dif- 
ferentiation of  tissue  may  l)e  materially  influenced. 

Tubby  t  discusses  three  theories  of  the  origin  of  congenital  deformities, 
particularly  in  their  bearing  upon  congenital  dislocation  of  the  hi)5. 

The  first  theory  is  that  at  liirth  there  has  been  some  mechanical  cause  for 
the  deformity  connected  wdth  the  difficulties  of  exit  from  the  uterine  cavity  and 
vagina. 

The  seconil  theory  concerns  itself  with  the  pathological  causes  for  congenital 
deformity,  which  he  considers  under  three  heads,  viz.:  (1)  Muscular  contracture 
due  to  lesions  of  the  central  nervous  system ;  (2)  Paralysis  of  intrinsic  muscles, 
as,  for  example,  those  about  the  trochanter  in  cases  of  congenital  hip  dislo- 
cations; (3)  Morbid  conditions  of  cartilage  antl  ligament. 

The  third  theory  relates  to  developmental  defects  in  the  embryo,  and  it  is 
this  theory  which  receives  Tubby 's  sui)port. 

Riedinger  J  divides  congenital  deformities  into  («)  those  produced  by  intra- 
uterine contractures  and  (//)  Belastungscleforniitaten.  He  points  to  the  fact 
that  the  position  assumed  by  the  fd'tus  in  utero  and  the  development  of  the 
amniotic  sac  and  the  amount  of  its  fluid  content  are  factors  in  the  production  of 
deformity.  He  also  explains  some  deformities  on  the  ground  of  defects  in  the 
development  of  the  skeleton  and  cites  firtal  ilisease  as  an  occasional  cause  of 
intra-uterine  deformity.  Intra-uterine  fcetal  haemorrhage  may  cause  nuiscular 
degenerations  which  occasion  contracture  of  foetal  muscle  and  give  rise  to  dis- 
location and  other  deformities. 

*  Hoffa:    "Lehrbuch  dcr  orth.  Chir.,"  1902,  p.  10. 

t  Tubby;  "A  Treatise  on  Orthopa'dic  Surgery,"  p.  522. 

J  Riedinger:    Joachim.'ithars  "Handbuch  der  orth.  Chir.,"  p.  33. 
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Stinison,*  after  discussing  the  earlier  history  of  the  study  of  oongenital  dis- 
locations, takes  u])  the  various  theories  which  liave  been  advanced  to  explain 
congenital  dislocations  in  general  and  pinticiilai-ly  in  the  case  of  congenital 
dislocation  at  the  hip  joint.  He  is  an  advocntc  of  the  theory  of  dcvclopinentnl 
deficiency,  and  IxTieves  this  is  particularly  true  and  easy  of  recognition  in  the 
case  of  congenital  liip  disi)lacements.  He  cites  an  instance  where  intra-uterine 
hydrops  articuli  had  been  present  and  had  so  distended  the  joint  cajjsulc  that  a 
dislocation  resulted.  He  believes  that  trauma,  abnorrnal  ])osition  in  utero,  and 
paralysis  may  account  for  some  of  the  cases.  Coexistence  of  two  or  more  con- 
genital defects  or  dislocations,  a  manifest  tendency  in  some  deformities  to  be 
transmitted  from  generation  to  generation,  and  the  frequency  of  bilateral  dis- 
locations he  reganls  as  strong  proof  of  the  theory  of  arrested  development. 

Young  f  discusses  briefly  four  theori(\s  of  the  cause  of  congenital  deformities, 
including  congenital  dislocations,  viz. : 

1.  Heredity. 

2.  Mechanical  (intra-uterine  pressure  and  trauma). 

3.  Prenatal  disease. 

4.  Arrest  or  defect  of  development. 

He  is  inclined  to  favor  the  fourth  of  these  theories  as  giving  the  most  plau- 
sible explanation  of  most  of  the  deformities  of  this  class. 

Kirmisson  in  his  text-book,  already  quoted,  devotes  his  entire  attention  to 
the  exposition  of  his  theories  of  the  origin  of  congenital  defects  and  dislocations. 
His  studies  are  based  largely  upon  embryological  investigation,  and  therefore 
relate  chiefly  to  the  theories  which  have  already  been  cited  bearing  upon  devel- 
opmental defects,  some  of  which  are  inherent  in  the  embryo  and  for  which  there 
is  no  other  explanation  than  that  they  are  idiopathic,  and  others  of  which  are 
influenced,  to  some  extent  at  least,  by  al)nornialiti(>s  of  intra-uterine  pressure. 
This  abnormal  pressure  may  cause  atrophy  only,  or  if  kept  up  long  enough,  or 
if  severe  enough,  may  lead  to  a  total  inhibition  of  embryonic  development.  On 
this  theory  are  explained  conditions  of  deformity  which  vary  all  the  way  from 
only  a  slight  departiu'e  from  the  normal  anatomical  relation  to  a  complete  ab- 
sence of  a  member  or  some  essential  osseous  component  of  that  member.  Such 
theories  are  competent  to  explain  some  of  the  dislocations  which  are  due  to  the 
absense  of  bones  or  portions  of  bones  entering  into  the  composition  of  a  given 
joint. 

The  consensus  of  opinion  of  writers  best  cjualified  to  express  an  opinion  upon 
the  causes  of  congenital  dislocation  would  seem  to  favor  the  theory  of  inter- 
ference with  development  in  the  embryonic  or  foetal  state.  There  seems 
to  l^e  but  little  actual  proof  to  support  such  theories  as  that  of  fa-tal  disease 
or  paralysis  of  groups  of  muscles  dm'ing  foetal  life.     Positive  proof  in  relation 

*  Stimson:   "Fractures  and  Dislocations,"  1900,  p.  463. 

t  Young;  "Manual  and  Atlas  of  Orthopedic  Surgery,"  1905,  p.  838. 
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to  such  matters  is  at  best  sufficiently  difficult  to  secui-e.  The  effects  of  con- 
striction, compression,  and  distention  of  various  kinds  upon  growinj;  l^oncs  arc 
known;  and  the  possibility  of  the  existence  of  such  forces  during  f(etal  life  has 
been  abundantly  denionstrated.  It  is,  thcrefoi-e,  easy  to  understand  how,  under 
the  exercise  of  force  of  this  kind  during  a  pei'iod  of  life  wlien  tissues  are  most 
susce)3tible  of  modification,  disruption  of  their  normal  relations  may  easily  take 
place,  giving  rise  to  dislocations.  It  is,  furthermore,  not  a  difficult  matter  to 
untlerstand  how  during  the  earlier  months  of  extra-uterine  life  the  inability  to 
function  properly  would  aggravate  conditions  already  existing,  and  that  such 
aggravation  would  naturally  be  all  the  more  pronounced  because  the  activity  of 
the  tissue-building  processes  is  only  slightly  less  during  the  early  weeks  of  extra- 
uterine life  than  it  was  before  birth.  The  influence  of  faulty  positions  in  utero, 
upon  the  production  of  some  of  the  most  common  dislocations,  seems  a  very 
easy  thing  to  comiirehcnd.  That  faulty  i^ositions  do  occur  at  this  time  has  been 
not  infre([uently  observed. 

Llaving  discussed  at  some  length  the  reasons  for  the  existence  of  congenital 
dislocations,  it  will  now  be  well  to  consider  the  individual  dislocations  in  order. 

Trunk. — In  the  trunk  there  are  many  congenital  defects,  such  as  mnnerical 
variations  in  the  number  of  vertebra?,  there  being  in  some  cases  too  many  cer- 
vical and  too  few  thoracic,  or  too  many  thoracic  and  too  few  lumbar.  Ribs 
may  be  attached  to  the  lower  cervical  vertebrae  and  not  to  the  lower  thoracic, 
but  there  are  no  luxations  of  the  vertebra'  which  are  of  congenital  origin.  In 
the  process  of  development  of  the  liony  skeleton  the  scapuhe  are  sitiuxted  higher 
upon  the  vertebral  column  than  where  they  idtimately  rest,  and  the  innomi- 
nate bones  are  situated  higher  up  than  they  are  found  in  extra-uterine  life.  In 
the  process  of  development  they  both  descend..  It  occasionally  happens  that 
the  innominates  do  not  descend  equally  on  the  two  sides,  and  we  then  have, 
according  to  Bohm  and  others,  a  cause  for  congenital  scolioses.  AVhether  a 
similar  irregularity  in  the  scapuho  accounts  for  the  abnormalities  in  the  height  of 
these  bones,  which  Sprengel  *  first  described,  has  not  as  yet  been  made  clear. 

Congenital  Elevation  of  the  Scapula. — In  1891  Sprengel  descriljed  four 
cases  of  this  deformity,  drawing  the  attention  of  the  profession  to  a  condition 
which  must  have  existed  but  which  had  been  overlooked  or  regarded  as  a  part 
of  some  other  deformity,  such  as  scoliosis  or  torticollis,  both  of  which  are  not  in- 
frequently associated  with  it.  Since  Sprengel's  first  report  a  great  many  differ- 
ent observers  have  recorded  similar  cases,  so  that  now  the  deformity  is  a  well- 
recognized  clinical  entity. 

It  gives  rise  to  no  particular  symptoms  of  a  subjective  character  and  may 
not  be  recognized  for  several  years  after  birth  or  until  the  deformity  is  suffi- 
ciently jironounccd  to  attract  attention.  There  seem  to  be  two  distinct  types 
of  elevation  of  the  scapula.  In  one  there  is  a  bridge  of  bone  connecting  the 
*  Sprengel:   Archiv  fiir  klin.  Cliirurgie,  xlii.,  3  Heft,  p.  .345. 
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su])crinr  an^le  of  tlu>  scajjvila  with  llic  s])iiH)iis  procTss  of  some  one  of  tlic  iiciji;])- 
boriiig  cervical  N-crlchra'.  Thore  is  usually  a  false  joiut  at  citlicr  cml  of  this 
osseous  bridge,  tiiiis  |i('i-iiiitting  a  cei'taiu  amount  of  mntioii  l)et\veen  the  upper 
l)art  (;f  the  sca|>ula  and  the  vertehi-al  (•(}lunin.  In  niic  such  case  seen  iiy  the 
writer  this  bridge  was  about  three-fourths  of  an  inch  in  length.  This  condition 
is  sometimes  associated  with  an  extra  rib  in  the  cervical  region.  Kirmisson  has 
described  other  congenital  deformities  associated  with  it.  The  more  common 
type  of  congenital  scajndar  elevation  is  not  associateil  with  osseous  Ijridges  con- 
necting these  points,  but  the  seapula  seems  to  be  held  in  its  elevated  position  by 


Fig.  520. 


Fig.  S'.U. 


Fig.  520. — Front  View  of  Ca.se  of  Congenital  Elevation  of  Riglit  Seapula.  Ob.serve  the  height  of 
right  shoulder  and  the  drawing  dow-n  of  tlie  liead  toward  this  slioulder.      (Original.) 

Fig.  521. — Back  View  of  Fig.  520.  Note  the  height  of  the  right  scapula  and  right  shoulder,  also 
the  prominence  of  the  superior  angle  of  the  right  scapula.  The  seventh  cervical  vertebra  was  joined 
to  the  superior  angle  of  the  scapula  by  a  bony  bridge.      (Original.) 

the  shortening  of  muscles  attached  to  the  body  of  the  scapula.  In  Figs.  520  and 
521  is  shown  a  patient  with  a  bony  bridge  joining  the  scapula  to  the  s])ine.  The 
deformity  in  this  class  of  case  is  usually  greater  than  in  the  other.  Fig.  522  illus- 
trates the  usual  type  of  scapular  elevation.  Functionally  there  may  be  consid- 
erable disability  connected  with  the  deformity,  especially  in  the  cases  where 
there  has  been  an  osseous  connection  between  the  scapula  and  the  spine.  In  the 
writer's  case,  lateral  and  forward  elevation  of  the  arm  was  restricted  fully  one- 
half  that  of  the  normal  arc.  ^^ery  little  motion  is  permitted  independently  of 
the  movement  of  the  scapula.     There  is  no  paralysis  of  the  muscles  about  the 
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shoulder,  but  the  position  of  the  scapula  is  such  that  these  muscles  cannot  act 
ujjon  that  bone  in  a  normal  manner;  nor  can  they  secure  from  their  attach- 
ment to  it  the  proper  anchorage  to  jici-niit  of  their  acting  at  a  distance  upon 
the  bones  into  which  they  are  inserted.  Upon  examination,  the  inferior  angles 
of  the  scapula  are  observed  to  lie  upon 
different  levels.  The  \-ertebral  border  of 
the  elevated  scajiula  is  farther  removed 
from  the  spinous  processes  than  that  of  the 
normal  side;  it  is  also  nuicli  nmrc  jirnni- 
inent  than  normal,  seeming  to  have  lieen 
rotated  upon  a  vertical  axis,  so  that  the 
axillary  border  stands  in  closer  to  the  rilis, 
and  the  vertebral  border  stands  away  from 
the  chest  wall.  Tlie  shoulder  is  generally 
higher  on  this  side  and  the  arm  seems  to 
be  carried  forward.  The  angle  which  the 
neck  makes  with  the  shoulders  is  changed 
and  the  normal  graceful  curve  is  lust  on 
the  elevated  side.  The  spine  is  ]iuI1(m1 
over  into  a  position  of  scoliosis  in  sonic 
cases,  with  compensatory  curves  l)oth 
above  and  below,  and  occasionally  there 
is  a  permanent  torticollis  jiroduced  in 
the  same  manner.  The  .r-ray  shows  a 
diminution  in  size  of  the  entire  scapula 
as  well  as  a  difference  in  its  position.  The 
treatment  of  this  condition  cannot  gen- 
erally be  commenced  before  the  child  has  reached  the  age  of  four  or  five  years, 
or  is  even  older.  It  is  generally  about  this  time  that  parents  come  to  the  con- 
clusion that  there  is  some  trouble  demanding  attention,  and  that  the  deformity 
of  which  they  may  possibly  have  been  cognizant  for  a  considerable  period  of 
time  is  becoming  gradually  worse,  rather  than  being  outgrown  as  they  had 
persisted  in  hoping.  Even  had  the  deformity  been  recognized  at  a  very  early 
period,  it  is  probable  that  but  little  could  have  been  ilone  by  mechanical  or 
physical  means  to  correct  it.  This  would,  of  course,  be  true  of  the  type  in  which 
there  was  an  associated  bony  bridge.  A  very  considerable  improvement  in  the 
ai)pearance  of  the  back  and  of  the  relative  positions  of  the  scapula^  can  be  brought 
about  by  surgical  measures,  as  is  shown  in  Figs.  523  and  524.  The  line  of  incision 
over  the  back  of  the  scapula  indicates  the  best  way  to  reach  all  the  muscles 
whose  attachment  it  is  necessary  to  divide  in  order  to  pull  the  scapula  down. 
All  the  muscles  attached  to  the  vertebral  border  and  the  spine  of  the  scapula 
must  be  severed  and  allowed  to  re-attach  themselves  after  the  bone  has  been 
VOL.  IV. — 47 


Fig.  S22. — Before  Opcratiuu.  Observe 
the  difference  in  heiglit  of  the  scapular 
angles  and  the  greater  distance  of  the  ver- 
tebral border  of  the  left  scapula  from  the 
median  line.      (Original.) 
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(hiiwn  down  as  far  as  possible.  The  employnient  of  plaster  fixation  or  jiro- 
hiiified  retention  in  splints  is  not  necessary  after  operation;  and  the  patient 
should  be  encouraged  to  practise  exercises,  and  should  have  passive  manipula- 
tions and  massage  as  early  as  the  third  or  fourtli  wirk  after  (i])eration.  In  those 
cases  wliere  there  is  a  rudimentary  rib  (■(inneeling  the  cervical  spine  with  the 
superior  scapular  angle  it  is,  of  course,  necessary  to  resect  this  bridge  and  at  the 
same  time  to  tletach  the  muscles  as  in  the  other  type  of  deformity.  A  restitution 
to  the  normal  is  not  possible,  but  a  very  considerable  cosmetic  benefit  may  be 


Fig.  523. 


Fiu. 


Fig.  .523. — Ulustrates  tlie  Line  of  Incision  and  the  Result  of  Operation  to  Pull  the  Left  Scapula 
Down  into  a  More  Nearly  Normal  Relation  to  the  Right  Scapula.  This  is  an  illustration  of  the  case 
shown  in  Fig.  522,  after  operation.      (Original.) 

Fig.  524. — After  Operation.  Photograph  taken  before  the  operation  has  been  lost,  but  the 
deformity  was  much  the  .same  as  shown  in  Fig.  522.  This  was  an  older  boy  and  the  result  was  not 
quite  as  good  as  in  the  case  shown  in  Fig.  522.      (Original.) 

secured,  antl  a  moderate  improvement  in  functioning  capacity  may  be  looked 
for  in  those  cases  in  \\'hich  the  muscles  have  been  unable  to  work  to  advantage. 

CoNGEXIT.\L  DlSLOC.-VTION  OF  THE  SHOULDER,  .\XD  OBSTETRICAL  PARALY- 
SIS.— It  is  generally  admitted  that  congenital  tlislocations  of  the  shoulder  are  of 
extreme  rarity.  Many  which  have  been  descrilied  as  such  were  unquestionably 
the  result  of  traumatisms  at  birth,  with  or  without  i_)aralytic  complications. 
Scudder  *  reported  two  cases  occurring  in  the  same  family.  These  were  sub- 
spinous dislocations.  Kirmisson,  although  admitting  the  possibility  of  such 
*  Scudder:   Archives  of  Pediatrics,  1890,  vii.,  p.  2G0. 
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dislocations,  believes  them  to  be  very  unusual  and  has  seen  only  one,  and  that 
a  subacromial  type.  He  recognizes  as  possibilities  the  subcoracoid,  a  back- 
ward sulispinons,  and  a  forwai-d  or  subacromial.  A  few  of  these  have  been 
described,  chiefly  by  anatomists. 

Associated  witli  tlie  more  severe  grades  of  o))stetrical  paralysis  there  are 
very  fre(|uent  instances  of  luxation  of  tlie  licad  of  tlie  humerus,  more  or  less 
complete,  amounting  sometimes  to  a  true  chslocation  of  the  head  of  the  bone 
from  the  glenoid  cavity.  It  has  been  repeatedly  observed  in  jiaralytic  condi- 
tions in  the  lower  extremity  that  dislocation  can  result  from  ]iaralysis  of  the 
muscles  wliose  norniid  functidu  is  to  kcQ})  tlie  capsule  of  a  joint  firm,  and  there- 
by hold  the  head  of  tlie  bone  so  firmly  in  its  socket  that  the  jicrformance  of  the 
customary  functions  of  that  articulation  will  not  force  it  out  of  place.  Ante- 
rior poliomyelitis  has  frequently 
caused  so  great  a  weakening  of  the 
muscles  about  the  hip  joint,  that 
dislocation  has  taken  place  there. 
It  seems  very  reasonable,  therefore, 
that  a  mild  luxation  of  the  hmneral 
head  brought  a])oi;t  by  paralysis  of 
certain  groups  of  nniscles  about  the 
capsule  of  the  shoulder  should  event- 
uate in  a  true  dislocation.  This 
outcome  is  undoubtedh'  favored  by  a 
lack  of  normal  development  of  the 
glenoid  cavity  and  of  the  humeral 
head,  as  tlie  child  grows  up  suffering 
from  a  lack  of  functioning  capacity 
in  the  shoulder  joint.  Pressure  up- 
on, or  stretching  of,  the  large  roots 
of  the  brachial  plexus  during  delivery 
is  responsible  for  the  paralysis  wliich 
results  in  a  luxation  of  the  should(>r 
joint.  This  is  usually  noticed  very 
early  in  infancy;  because  the  paral- 
ysis extends  to  the  muscles  of  the 
arm  and  forearm;  and  loss  in  power 
of  these  muscles  makes  itself  evident 
even  in  an  infant,  in  awkward  posi- 
tions of  the  arm  as  well  as  in  disinclination  to  use  it  even  in  the  aimless  manner  so 
common  to  babies.  The  arm  is  held  more  or  less  limp  at  the  side,  with  the 
thumb  .strongly  rotated  to  the  back,  Init  lying  close  to  the  thigh.  The  contour  of 
the  sliouldi'r  becomes  changed,  owing  to  atrophy  of  the  muscles  that  make  up  the 


I' k:.  525. — Ubser\e  the  posilioii  iu  which  the  right 
arm  is  held,  the  low  riglit  shoulder,  the  atrophy  of  the 
scapular  and  shoulder  muscles,  slightly  higher  level 
upon  which  the  nferior  scapular  angle  lies,  as  well  as 
the  de'viation  of  the  spinal  processes  towarcl  the 
left.      (Original.) 
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icniiiiliicss  (if  llic  ,sliiiul(l(r:  this  is  iliic  pjirtly  lo  nctuai  puralysis  and  partly  to 
disuse.  The  (;U)()\v  is  usually  llexiil  and  stands  away  from  the  sido  at  a  much 
wider  angle  than  does  the  elbow  of  the  unaH'ectcd  ami,  as  is  shown  in  Fig.  525. 
Functionally  the  arm  is  considerably  impau'ed,  and  the  al)ility  to  raise  it  from 
the  side  or  to  flex  it  forward  is  often  ^•ery  considerably  restricted.  This  in- 
ability is  duo  more  to  a  loss  of  pfiwei-  in  the  muscles  that  permit  of  such  move- 
ments, than  it  is  to  the  luxation  of  the  humeral  head,  but  the  latter  is  an  ele- 
ment in  the  incapacity.  The  dcfdrmity  which  is  secondary  to  this  condition 
is  scoliosis,  which  was  well  shown  in  the  illustration  on  page  737.     Atrophy  of 


Fig.  526. — This  is  an  x-ray  of  the  Case  Shown  in  Fig.  525.  Note  the  structural  atrophy  of  the 
right  Immerus,  the  cliange  in  the  position  of  tlie  scapula,  tlie  distortion  of  the  clavicle,  and  the  relation 
of  tlie  liead  of  the  humerus  to  tlie  jjlenoid  ca\'ity  on  the  two  sides.      (Oris^inal.) 

the  soft  parts,  which  is  a  consiiicuous  feature  of  tliis  luxation,  is  accompanied 
by  structural  atrophy  of  the  luunerus,  as  is  seen  in  the  .r-ray,  Fig.  526. 

The  treatment  of  luxations  of  the  shoulder,  whether  caused  by  lack  of  devel- 
opment during  uterine  life,  or  due  to  a  paralysis  of  the  intrinsic  muscles  of  the 
shoulder,  is  necessarily  unsatisfactory.  The  operative  replacements  of  the 
congenitally  defective  heads  into  congenitally  shallow  glenoids  ha\'e  been 
almost  uniformly  unsuccessful.  They  do  not  remain  when  jnit  back,  because 
there  is  not  enough  to  hold  them  when  they  are  reduced.  If  ankylosis  is  pro- 
duced they  are  little,  if  any,  better  off. 

It  would  seem  that  an  arthroplasty  might  yield  good  results  in  the  shoulder; 
but,  at  best,  a  very  unstable  joint  must  he  looked  foi'. 

In  the  type  of  luxation  caused  Ijy  obstetrical  palsy  iiuich  can  be  done  in  many 
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cases  by  the  early  institution  of  massage,  and  passive  and  active  manipulation. 
In  this  way  the  strength  of  the  arm  is  conserved,  and  the  contractures  which 
inevitably  follow  disuse  may  at  least  be  partly  overcome  or  prevented.  Such 
measures  cannot  retluce  a  dislocation,  however  incomplete;  but  they  may  so 
improve  the  tone  of  the  muscles  inserted  into  the  capsule  of  the  jnint  that  it 
will  hold  the  head  of  the  humerus  hrmly  within  the  glenoid,  thus  giving  a  more 
stable  le\'erage  for  the  other  muscles  to  work  against,  and  also  prevent  the 
head  of  the  humerus  from  slijjjjing  out  and  stretching  the  capsule  uuire  and 
more.  In  this  connection  it  is  only  necessary  to  mention  the  oi)eration  of  nerve 
anastomosis  which  has  been  moi'e  or  less  successful  in  improving  the  function 
of  arms  that  have  suffered  from  i)aralysis  of  the  brachial  plexus.  The  results 
of  treatment  of  this  condition,  whether  developmental  or  paralytic  in  origin, 
have  l)een  extremely  unsatisfactory.  Knhilein  rei)orts  from  Langenbeck's 
clinic  five  cases  of  congenital  dislocation  of  tlu'  shoulder  out  of  a  total  of  ninety- 
eight  congenital  dislocations.  In  regard  to  treatment  Porter,  ciuoted  by  Young 
in  his  "Atlas  of  Orthopaedic  Surgeiy,"  I'eports  thirty-nine  cases  in  which  the 
results  were  \'ery  nearly  miiformly  poor. 

CoNGEXiT.vL  Dislocation  of  the  Elboa\'. — Dislocations  of  the  elbow  are 
not  as  common  as  some  of  the  other  congenital  misplacements.  Blodgett  *  has 
recently  reviewed  the  literature  and  reported  two  new  cases.  Kirmisson  thought 
it  worth  while  to  make  a  distinction  between  the  dislocation  of  the  radius  alone 
and  the  sinudtaneous  dislocation  of  both  bones  of  the  forearm  at  the  elbow  joint. 
Accortling  to  Plofi'a,  up  to  1898  there  had  been  only  two  cases  of  ratlial  disloca- 
tion alone.  One  of  these  had  been  recorded  by  Chaussier  and  the  other  by  Hoff- 
niaim.  Subseiiuently  to  Hoffa's  citation  of  these  two  cases,  Bonnenberg  j 
reported  a  much  larger  series  of  the  isolated  dislocations  of  the  radius.  This 
deformity  seems  peculiarly  likely  to  be  associated  with  other  congenital  defects 
such  as  club  foot,  club  hand,  and  others. 

One  of  the  most  .striking  exan)ples,  in  the  literature  of  the  hereditary  ten- 
dencies in  some  of  these  deformities,  is  the  family  cited  by  Abbott, |  in  which 
during  four  successive  generations  there  were  seven  cases  of  congenital  tlislo- 
cation  of  the  head  of  the  radius.  The  ileformit}'  is  obvious,  the  majority  of  the 
dislocations  being  backward.  A  few  are  forward  displacements,  and  fewer  still 
are  lateral.  It  is  said  that  they  are  characterized  by  hypermobility  as  dis- 
tinguished from  the  fixe<lness  of  traumatic  displacements.  Fvmctionally  there 
is  considerable  disability.  A  false  joint  is  often  estabUshed  above  the  humeral 
condyles,  and  in  quite  a  few  cases  the  radius  and  ulna  have  l;)een  fused  at  their 
upper  ends. 

In  the  treatment  of  this  condition  it  is  evident  that  little  can  be  done  short 

*  Blodgett:   Journal  of  the  American  Orthopedic  .\ssociation,  January,  1906. 

t  Bonnenberg:  Zeitschrift  f.  orth.  Chir.,  1893,  4te  Heft,  Band  ii.,  p.  376;  ibid.,  iii..  Bd.  xx. 

J  Abbott:   Transactions  Path.  Society,  London,  .\pril  5th.  1892. 
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of  sonic  operative  ineasiii-r.  I'mtinl  or  (•(unplctc  resection  of  the  head  of  tlie 
radius  with  enough  of  tlic  nlna,  wiierc  tliis  hone  is  (■oncei-ne<l  in  tiie  dislocation, 
to  i)erniit  of  reduction  of  the  ih'forniity,  rejiresents  the  custoniaiy  practice  of 
those  wlio  iiave  attcin|ilcd  to  ileal  with  these  dcfiirmitics  surgically.  An  im- 
proN'ciniiit  in  the  appearance  of  the  joint  may  he  exjiected  to  follow  sucli  pro- 
cedures, but  no  very  decided  betterment  of  function  should  be  anticipated. 

CoxfiKNiTAL  Disi.ocA'i'iox  OK  'rill-:  Cahits;. — Nearly  a  lumdred  cases  of  this 
ilefoi-mity  have  found  their  way  into  the  medical  literature.  Congenital  dislo- 
cations of  the  wrist  are  hardly  separable  from  congenital  club  hand.  In  fact, 
it  would  probably  simplify  the  nomenclature  of  deformities  of  tlic  carpus,  of 
congenital  origin,  if  the  vai'ious  tyjics  of  displacement  of  the  carpus  upon  the 
radius  and  ulna  were  I'cgarded  as  variants  of  a  congenital  club  hand ;  just  as 
it  would  sim])lify  the  nomenclature  of  deformities  of  the  tarsus  if  congenital 
club  foot  could  be  made  to  include  valgus  as  well  as  varus  deformities.  In  a  recent 
study  of  the  subject,  E.  Estor  *  has  recorded  the  cases  of  this  ileformity  which 
have  gotten  into  medical  literature,  and  he  i)resents  a  careful  analysis  of  the  types 
of  deformity  described  mider  this  head.  Madelung  first  called  attention  to  the 
condition  in  1878. 

Estor  maintains  that  the  deformity,  which  is  shown  very  well  in  Figs.  527 
and  528,  is  congenital.  These  illustrations  were  taken  from  a  case  which  served 
as  the  basis  for  Estor's  study  of  this  subject  and  is  briefly  outlined  in  the  footnote.f 

He  believes  that  trauma,  either  direct  or  occujiational,  causes  an  vmder- 
lying  congenital  defect  to  be  magnified.     Kirmisson,  in  1902,  took  the  same  view 


Fig.  527. — Pliotograph  of  tlio  Left  Wrist,  .showing  (in  profjlc")  tlie  Inferior  Extremity  of  the  Horsal 
Aspect  of  tlie  Congenitally  Dislocated  Cubitus.  The  same  condition  existeil  in  the  right  wrist,  Uiough 
in  a  less  marketl  degree,      (.\fter  Estor,  in  the  Revue  de  Chinmjir,  Paris,  .August  10th,  1907.) 

of  the  matter,  and  designated  the  deformity  a  progressive  luxation  of  the  wrist. 
In  the  series  of  cases  cited  by  different  authors  there  were  nine  in  which 
the  influence  of  heredity  was  notable.  The  anatomical  defects  which  may  be 
present  and  cause  the  deformity  may  cf)ncern  either  the  length  or  the  shape 
of  the  ulna;  in  either  case  the  relation  of  the  radius  and  carpus  may  l^e  modified. 

*  Estor:   Revue  de  Cliirurgie,  xxxvi.,  August  10th,  1907. 

t  "Tliis  case  is  that  ct  a  woman  tliirty-one  years  of  age.  It  was  ascertained  tliat  lier 
fatlier's  wrists  were  similarly  deformed:  the  prominence,  as  in  the  case  of  the  daughter,  being 
more  conspicuous  on  the  left  tlian  on  the  right  side.  The  patient  affirms  that,  .so  far  Ijack  as  she 
can  remember,  her  wrists  had  always  presented  the  deformity  shown  in  tlie  picture,  and  her 
parents  state  that  it  was  observed  by  them  immediately  after  her  birth." 


CONGENITAL   DISLOCATIONS.  743 

The  radius  may  also  uiidwgo  changes  in  shaijc  and  alterations  in  length,  wiucli  in 
turn  modify  its  relation  with  the  carpus.  There  may  also  be  modifications  in  the 
shape  of  the  carjial  liones. 

Madelung's  deformity  or  luxation  seems  to  he  much  more  commonly  noted  in 
the  adolescent  than  it  is  in  the  early  years  of  life,  and  it  is  four  times  as  com- 
mon among  girls  as  it  is  in  boys. 

AA  hen  it  was  confined  to  one  wrist,  as  it  was  in  the  eighty-five  cases  rei)orted 
by  Ester,  in  one-tifth  of  the  total  it  was  a  little  more  frecjuent  on  the  left.     The 


Fig.  52S. — j-ray  Photograph  of  the  Left  Wrist  (the  same  case  as  that  shown  in  Fig.  527).  The 
points  to  be  noted  are:  Tiie  os  magnum  is  more  voluminous  tiian  is  normal,  and  it  ajjpears  to  lia\"e 
pushed  upward  tlie  os  semilunare,  which  in  turn  lias  pushed  up  the  radius;  the  articular  surface  of  the 
inferior  extremity  of  the  radius  is  no  longer  at  right  angles  to  the  axis  of  this  bone — a.  condition 
which  predisposes  to  forward  dislocation  of  the  carpus;  and  the  cubitus  has  lost  its  proper  relations  to 
both  the  carpus  and  the  radius.      (After  Estor,  in  the  lievue  de  Ckirurglc,  Paris,  August  lOtli,  1907.) 

evidence  seems  to  point  to  the  deformity  Ijeing  due  to  a  congenital  laxity  of  the 
inferior  ratlio-ulnar  articulation,  which  exists  from  early  infancy  and  ileclares 
itself  in  adolescent  life  because  of  some  traumatism  to  the  wrist,  or  liecause  of 
occupational  strains  to  which  it  may  be  subjected,  from  time  to  time,  in  the 
course  of  routine  use. 

The  appearance  of  the  radio-carpal  articulation  undergoes  modifica- 
tion. The  antero-posterior  diameter  is  markedly  increased.  In  some  cases 
the  long  axis  of  the  hand  is  deviated  to  the  idnar,  sometimes  to  the  radial, 
side.  Mewed  from  the  side  there  is  usually  more  or  less  backward  luxation 
of  the  ulna.     The  contours  of  the  radial  and  ulnar  sides  of  the  wrist  are  quite 
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j)erco]itibly  alten'd  in  this  doforniity:  and  palpation  over  the  ulnar  styloid,  the 
radio-carpal  articulation,  and  oNcr  th(>  i)isit'orni  bone  is  often  quite  jjainful. 
The  functional  symptoms  vary  fi'om  a  condition  in  which  the  |)atient  is  very 
little  liandicapped  to  ime  in  which  no  use  of  the  wrist  is  |)ermitted.  Flexion 
is  very  often  restricted  in  the  motions  of  the  wrist,  thoujih  occasionally  cases 
have  been  noted  where  there  was  abnormal  jialmar  flexion.  Dorsal  fiexiou  is 
often  considerably  restricted.  The  olliei-  motions  of  the  wrist  are  usually  some- 
what impaired,  but  the  chief  ilisability  concei-ns  flexion  and  extension. 

In  regard  to  the  treatment  of  this  condition,  there  is  but  little  need  of  doing 
anytliing  in  those  cases  in  which  functional  disalnlity  is  not  marked.     As  this 


Fig.  529. — Left  Wrist.     Note  the  inclination  of  the  articular  face  of  the  ulna  and  the  separation 
of  radius  and  ulna.     Compare  Fig.  530.      (Original.) 

feature  becomes  more  pronounced  there  is  greater  and  greater  need  of  institut- 
ing treatment,  ^'arious  forms  of  retentive  apparatus  have  been  devised,  fur- 
nishing more  or  less  complete  fixation  to  the  lower  end  of  the  radius  and  ulna. 
Massage,  electricity,  and  other  forms  of  physical  therapy  are  useful  adjuncts 
in  treatment.  In  the  severe  cases,  however,  local  treatment  such  as  has  just 
been  outlined  will  fail  to  yield  satisfactory  results,  and  operative  measures  will 
be  found  necessary.  Tenotomy,  arthrotomy,  and  reduction  through  the  opera- 
tive wound,  linear  or  oblique  osteotomy  of  the  radius,  and  wedge-shaped  oste- 
otomy of  the  radius  represent  the  measures  which  have  been  tried.     The  one 
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which  has  given  tlie  Iji'st  success,  ami  wliich  Kstor  advocates  in  his  monograph, 
is  an  osteotomy  of  the  uhia  in  lu'cference  to,  or  in  addition  to  (in  some  cases), 
the  more  frequently  jjerformed  osteotomy  of  the  radius.  In  tlie  foregoing 
description  the  writer  has  made  free  use  of  the  account  of  this  conchtion  as  given 
b}"  Estor,  and  here  puts  on  record  a  case  wdiich  occurred  in  the  practice  of  an 
associate  and  has  not  been  previously  published. 

The  case  is  that  of  a  young  woman  of  nineteen  or  twenty  years  of  age,  wlio 
was  very  athletic  in  her  tastes  and  participated  in  many  outdoor  sports.  She 
noticed  a  gradually  increasing  disability  of  the  hift  wrist,  which  in  the  course 
of  several  months  \'irtually  prevented  her  from  undertaking  anything  recjuir- 


FiG.  530. — Right  Wrist.     Observe  the  relation  of  the  rarpus  to  radius   and  ulna   and  compare 

with  FiR.  .529.      (Original.') 

ing  the  expenditure  of  force  through  her  left  arm  and  hand.  There  were  not 
only  weakness  and  inability  to  exercise  the  functions  of  the  wrist  muscles,  but 
pain  was  caused  by  any  attempt  at  use.  There  was  some  slight  distortion  of 
the  wi'ist  with  limitation  of  motion ;  and  examination  with  the  y-my  revealed 
the  condition  shown  in  Fig.  ,529.  Fig.  530,  which  is  the  right  wrist  of  the  same 
person,  is  inserted  for  comparison.  After  a  fair  trial  with  conservative  treat- 
ment it  was  proposed  to  correct  the  deformity  b}"  operative  measures;  and  an 
osteotomy  of  the  radius  and  uhia  was  performed,  the  ulnar  fracture  being  united 
with  a  sih-er  wiw.     The  functional  result  has  been  nearly  perfect,  and  now 
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after  over  five  years  there  is  no  practieal  inii)aii-ineiit  of  tlie  usefulness  of  the  arm. 
(Vide  Figs.  531,  532,  and  533.) 

There  are,  oeeasionaily,  total  abseneesof  the  radius  which  cause  luxations  of 
the  carpus  upon  the  rciiiainiufi  bone,  the  ulna.  Such  displacements  constitute 
the  true  congenital  club  hand.  The  character  of  the  deformity  is  at  once  appar- 
ent and  the  .r-ray  may  be  called  uixm  only  to  determine  the  exact  anatomical 
defect. 

Traitnicitl  consists,  in  ihi'  early  stages,  in  manipulations  and  massage.  Occa- 
sionally operative  correction  is  indicated,  and  such  proci'dures  usually  concern 


Fio.  531. — Same  Case  as  tliat  Sliown  in  Fig.  529,  Six  Weeks  .\fter  Osteotomy.      (Original.) 

themselves  with  the  carpus.  Tenotomies,  resections  of  a  jjart  of  the  ulna  and 
sometimes  of  i>ortions  of  the  carjjus  may  be  necessary  before  reduction  of  the 
deformity  is  passible. 

CoNGENiT.\L  Dislocation  of  the  Hip. — There  have  been  very  few  sub- 
jects, among  the  group  of  diseases  which  the  orthopsedist  and  the  surgeon  have 
been  called  upon  to  treat,  which  have  aroused  more  discussion  than  congenital 
dislocation  of  the  hip.  One  can  scarcely  take  up  an  orthopedic  publication 
without  finding  one  or  more  articles  on  this  subject,  and  this  is  particularly 
true  of  the  foreign  journals.  There  does  not  seem  to  be  any  abatement  in  the 
interest  which  the  subject  attracts  as  time  goes  on.    The  reason  for  this  is,  doubt- 
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less,  to  be  found  in  the  fact  that  the  problem  is  still  unsolved,  and  therefore  the 
interest  of  the  surgeon  is  constantly  s]Hirred  on  to  fresh  endeavor.  The  visit  of 
Professor  Lorenz  to  this  country,  a  few  years  ago,  served  to  arouse  an  interest 
in  the  problem  of  congenital  dislocation  upon  this  side  of  the  water;  and  many 
more  cases  of  this  condition  are  being  recognized  and  treated  at  the  present 
time  than  ever  liefore.  As  has  been  said  earlier  in  this  article,  the  subject  has 
been  treated  by  surgeons  as  though  there  were  no  greater  obstacles  in  the  way 
of  reducing  a  dislocation  of  this  sort  than  there  are  in  thi>  way  of  the  reduc- 
tion of  a  traumatic  dislocation.     I'ntil  the  .r-ray  became  developed  to  such  a 


Fin.  532. — SaniL-  Case  as  that  Shownin  Figs.  529  .and  531,  Four  Months  After  O.steotomy.      (Original.) 

point  that  it  was  of  service  in  revealing  the  shajjc  of  the  head  of  the  femur  and 
the  depth  of  the  acetabular  cavity,  the  anatomical  defects  at  or  about  the  hip 
joint  were  not  appreciated.  Valuable  as  this  has  been  in  throwing  neetled  light 
upon  the  subject,  its  employment  is  attended  with  certain  limitations,  which 
make  it  undesirable  to  rely  upon  the  x-ray  as  an  infallible  test  of  the  condi- 
tions present  within  the  socket  of  the  hip  joint.  There  are  so  many  possibilities 
of  distortion  of  the  actual  conditions,  antl  at  the  same  time  there  are  so  many 
departures  from  the  normal  relations  of  the  head,  neck,  and  acetabulum,  that 
the  possible  errors  of  interpretation,  when  the  x-ray  is  employed  as  a  guide  to 
the  condition,  are  almost  infinite. 
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Historically,  congenital  dislocalion  of  the  head  of  the  femur  has  been 
recognizeil  Kiucc  the  dawn  of  medical  writing.  Hippocrates,  Galen,  and  Avi- 
cenna  were  among  the  earliest  observers  of  the  phenomena  of  disease  and  are 
Ukcwise  the  lirst  to  have  spoken  of  these  conditions  at  the  hip  joint. 
After  Fare's  time  there  was  a  long  hiatus  before  other  observers  began  to  de- 
scriljc  this  deformity;  and  from  the  middle  of  the  eighteenth  century  we  find 
cases  more  fre(|uently  reported,  and  more  men  interesting  themselves  in  the  dis- 
location. .Vftcr  the  beginning  of  the  nineteenth  century  such  names  as  Palletta, 
Dupuylren,    Delpeche,  Pravaz,  Malgaigne,  Guerin,  Parise,    Dollinger,    Buck- 


Fin.  533. — Same  Case  as  Figs.  529  .and  530,  Fi\c'  'S'ears  .\fter  Operation.  Observe  the  improve- 
ment in  the  relation  of  the  carpus  to  tlie  radius  and  ulna;  but  note  the  abnormal  shape  of  the  left 
ulna,  and  the  wider  separation  between  the  radius  and  uln.a  on  the  left.      (Original.) 


minster  Brown,  Bradford,  Hoffa,  Lorenz,  von  Mikulicz,  and  many  others  are 
constantly  recurring  in  the  literature  as  contributing  something  to  the  under- 
standing of  this  most  troublesome  anatomical  perversion.  The  recent  ortho- 
paedic literature, — that  is,  that  of  the  last  ten  years, — is  teeming  with  references, 
citations  of  cases,  contributions  to  the  study  of  the  anatomy  of  the  parts,  or 
suggestions  as  to  treatment. 

Congenital  dislocation  of  the  hip  is  a  condition  of  great  frequency  among 
congenital  deformities.  It  stands  ne.xt  to  congenital  club  foot  in  frecjuency  of 
occurrence.  For  some  reason,  congenital  defects  of  this  sort  affect  girls  more 
frec|uently  than  boys.  In  one  series  of  two  hundred  and  fifty-three  cases 
recorded  by  Lorenz,  two  hundred  and  twenty-three  were  in  girls,  and  this  has 
been  about  the  proportion  ordinarily  noted  in  collected  series  of  cases.  There 
seems  to  be  nothing  particularly  significant  about  the  right  and  left  sidedness 
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of  the  deformity,  or  the  relative  frequency  with  which  the  bilateral  cases  occur 
with  reference  to  the  unilateral.  In  some  series  the  left  side  seems  to  l)e  more 
frequently  at  fault,  in  others  the  light.  Unilateral  ca,ses  are  more  common 
than  bilateral. 

Pathology. — The  fundamental  disturbance  causing  this  deformit}'  seems 
wrappetl  in  mystery.  None  of  the  theories  thus  far  advanced  can  be  proven. 
It  is  difficult  to  secure  the  facts  which  it  is  desirable  to  have,  to  arrive  even  at  a 
reasonable  thi'oretical  hypothesis.  Among  the  theories  which  have  had  the 
widest  acceptance  and  the  most  distinguished  advocacy  are,  in  the  first  ])lacc, 
those  which  are  based  upon  some  pathological  alteration  in  the  joint,  antl  sec- 
ondly, those  which  concern  themselves  with  developmental  processes. 

LTnder  the  first  theory,  traumatism  during  uterine  life  and  at  birth  must 
Ijc  considered,  and  also  joint  disease  in  prenatal  life,  and  primary  defects  in  the 
nervous  system  causing  paralysis  of  muscles  concerned  in  holding  the  head  of 
the  femur  against  the  acetabulum.  Malposition  in  utero,  consisting  of  strong 
flexion  of  the  thighs  upon  the  abdomen  combined  with  adduction,  has  been 
described  as  a  cause  in  some  cases  observed.  Alterations  in  the  conformation  of 
the  amniotic  sac,  or  in  the  amount  of  fluid  which  it  contains,  may  have  had  some 
influence  upon  the  maintenance  of  this  faulty  position.  Certain  it  is,  that  such 
a  position  would  tend  to  the  production  of  a  luxation  of  the  femoral  head  which 
might  easily  enough  become  a  true  dislocation  when  function  of  tlie  linil)s 
was  attempted.  There  seems  very  little  to  support  the  view  that  traumatism 
at  birth  has  had  anything  to  do  with  the  causation  of  any  considerable  mun- 
ber  of  cases.  The  same  may  be  said  with  reference  to  precedent  intra-uterine 
joint  flisease.  There  is  no  evidence  to  substantiate  this  view.  Any  disease 
which  would  cause  such  dislocations,  should  leave,  at  least,  a  certain  number 
of  joints  stiff;  and  furthermore,  it  would  run  counter  to  most  of  our  experi- 
ence to  find  any  joint  disease  which  would  select  two  hip  joints  simultaneously 
as  fretjuently  as  doub'e  congenital  dislocation  occurs  among  dislocations  of  the 
liip.  Of  the  paralyses  which  could  possibly  })roduce  a  luxation  of  the  femoral 
head,  anterior  jjoliomyelitis  is  the  most  likely;  but  the  neurologists  say  there 
is  no  e\-i(lence  tending  to  show  that  this  affection  ever  occurs  before  birth. 

The  theory  of  arrested  development  is  the  one  which  has  perhaps  the  most 
and  the  ablest  defenders;  and  certainly  it  is  the  one  which  a  study  of  the  abnor- 
malanatomy  of  the  parts  concerned  in  the  construction  of  the  joint  would  indi- 
cate as  correct.  How  much  the  arrest  of  development  has  to  do  with  embrj-onic 
defects,  and  how  far  it  is  influenced  by  abnormities  of  intra-uterine  pressure  or 
jjosition,  it  is  impossible  to  say.  The  influence  of  functioning  upon  development 
(iui'ing  the  early  weeks  and  months  of  infancy  is  an  indeterminable  question. 
The  part  jjlayed  by  weight-bearing  and  functioning  during  walking,  after  the 
child  is  old  enough  to  propel  himself  about,  can  perhaps  be  surmised  a  little 
more  readily,  but  is  capable  of  no  scientific  demonstration. 
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Pathological  Anaiomy. — A  c•on:^i(lel■able  miniber  of  cases  of  congenital  dis- 
location of  the  liip  has  been  studied  at  autopsy;   and  the  modern  perfection  of 


Fig.  534. — Observe  the  Coxa  Valga  of  tlie  Left  Hip  and  Contrast  with  the  more  Normal  Relation 
of  tlie  Neck  and  Head  in  the  Right.  Note  tlie  nulimcntary  acctabnl>mi  on  both  sides  and  the  false 
acetabuUnn  on  the  side  of  the  ilium.  In  tliis  case  tlie  patient  was  a  cliild  of  tliirteen  years.  (Children's 
Hospital,  Boston.) 

the  X-ray  makes  possible  a  better  understanding  of  the  anatomical  conditions 
at  the  hip  joint  than  it  was  possible  to  obtain  before  its  emijloyment  was  as 


Fig.  5.35. — Same  Case  as  Fig.  534,  After  Machine  Reduction.      (Children's  Hospital.  Boston.) 
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constant  as  it  now  is.  Tilhnanns*  shares  the  belief  of  Dupuytrcn  and  Roser 
that  there  is  a  laclc  of  development  of  the  acetabulum  and  the  cotyloid  ligament, 
which,  combined  with  an  adducted  jiosition  of  the  thighs  during  uterine  life, 
accounts  for  the  deformity.  He  also  believes  that  the  shape  of  the  female 
jielvis  is  a  factor  in  the  causation  of  a  dislocated  hip.  Cunningham  has  shown 
that  the  anatomical  peculiarities  of  the  female  pelvis  are  notalile  in  the  human 
embryo  as  early  as  the  third  or  fourth  month  of  fretal  life.  Grawitz  also  cham- 
pions the  defective-acetabuliun  theory.  Dollinger  believes  there  is  evidence  in 
some  cases  of  a  premature  ossification  of  the  Y-ligament.  Certain  it  is,  that 
there  is  a  rudimentary  acetabulum  in  very  many  of  the  cases;  and  this  is  per- 
haps more  constant  than  a  rudimentary  head  to  the  femur.  Imperfectly  devel- 
oped femoral  heads  arc  ciuite  constantly  seen ;  and  this  iniix-rfection  in  develop- 


FiG.  536. — .\cute  Di.slocation  from  Infections  .\rthritis,   Normal  Acetabula. 

tal,   Boston.) 


(Children's  Ho.spi- 


ment  is  not  confined  to  the  head  of  tlie  bone  alone,  but  extends  to  the  neck  as 
well.  Besides  the  defects  in  the  development  of  these  two  structures,  there  are 
many  twists  in  the  femoral  neck  which  are  not  the  result  of  any  failure  in  normal 
development,  but  are  caused  by  muscular  pull  and  abnormal  ]3ressure  or  tension. 
Some  form  of  coxa  vara  is  thus  very  constantly  produced  in  congenital 
dislocation  of  the  hip.  Because  of  the  defective  development  of  the  femoral 
neck  the  usual  relation  of  the  femoral  head  and  the  acetabulum  is  that  of  a 
coxa  valga.  (Figs.  534  and  535.)  The  defects  in  the  development  of  the  acetabu- 
lum consist  chiefly  of  a  filling  up  of  the  socket  with  a  fibro-cartilaginous  material; 
♦Tillmanns:    "Textbook  of  Surgery,"  vol.  i.,  p.  772. 
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but  more  particularly  the  IwliJie  at  tlu'  bonier  of  the  acetabulum  is  so  shelving 
that  it  forms  no  obstacle  to  the  slipjjiug  of  the  femoral  head  from  the  socket. 
Fig.  536  shows  an  .r-ray  of  a  child  whose  left  hip  was  dislocated  in  consequence 
of  an  acute  infectious  process  in  that  joint.  The  normal  character  of  the  ace- 
tabulum is  well  shown  in  this  case  on  the  dislocated  and  the  undislocated  side. 
Here  there  is  a  good  ridge  at  the  top  of  the  acetabular  cavity.  Contrast  the 
appearance  in  this  case  with  that  shown  in  Figs.  534  and  535.  Changes  in  the 
shape  of  the  head  arc  not  quite  as  striking  as  is  tliecase  in  the  acetabulum;  but 


Fig.  .537. — Congenit.il  Dislocation  of  tlio  Ilip.      (('liildren's  Hospital,  Boston.) 

the  absence  of  anything  like  a  normally  developed  neck,  or  a  neck  which  though 
normally  developed  is  so  distorted  that  it  does  not  connect  the  head  in  a  normal 
manner  to  the  shaft  of  the  femur,  is  capable  of  rendering  unstable  the  relations 
of  the  head  with  the  acetabulum.  It  is  not  difficult  to  understand  how  a  short 
neck  like  that  shown  in  Fig.  537,  when  comliined  with  a  coxa-valga  relation  of 
the  neck  with  the  shaft,  should  predispose  to  a  dislocation.  The  development 
of  the  upper  epiphysis  of  the  femur  undergoes  considerable  modification,  as  is 
shown  in  Fig.  538,  where  there  is  opportunity  to  contrast  the  shape  and  size  of  a 
normal  with  an  almormal  upper  femoral  epiphysis.  Fig.  539  affords  a  very 
good  illustration  of  the  reason  for  a  dislocation  when  the  development  of  the 
head  and  neck  of  the  femur  of  the  dislocated  side  is  not  materially  different 
from  that  of  the  sound  side,  and  the  angle  of  deflection  of  the  head  is  not  essen- 
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tially  unlike  that  of  the  non-cUslocated  side,  wiiereas  the  acetabulum  is  hlled 
uj)  with  an  irregular,  jagged  mass  of  fibrous  tissue,  and  there  is  almost  an  entire 
absence  of  any  ledge  against  which  the  head  of  the  femur  can  rest.  As  a  result 
of  these  osseous  derangements  at  the  hip  joint  there  are  secondary  changes  in 
the  fibrous  capsule  of  the  articulation.  As  the  head  of  the  femur  slips  up  out 
of  the  socket,  the  capsule  becomes  stretched,  and  the  more  remotely  the  head  of 
the  bone  becomes  removed  frmu  the  acetabular  cavity,  the  more  narrowed  the 
connecting  funnel-shaped   cajisule   becomes.     In    extreme   cases    the   capsule 


Fig.   5.38. — Contrast  Shape  and  Size  of  Upper  Femoral  Epiphy.sis  in  the  Two  Sides;    also  the 
Length  and  Anglos  of  the  Neck.      (Children's  Hospital,  Boston.) 


becomes  elongated  into  an  hour-glass-shaped  structure  with  only  a  narrow 
orifice  between  the  two  expanded  ends,  and  through  this  narrow  constriction 
the  head  of  the  bone  must  be  made  to  pass  if  it  is  to  reach  the  socket  from  which 
it  has  been  removed.  The  elevated  position  of  the  femoral  head  has  a  still 
further  effect  upon  the  muscles  having  their  insertion  into  the  trochanter  and 
capsule  nf  the  joint.  The  normal  balance  between  these  muscles  is  destroyed, 
and  some  of  them  are  stretched  out  beyond  their  normal  lengths,  whereas  others 
are  shortened  and  contractetl.  In  addition  to  the  effects  which  have  just  been 
mentioned  in  connection  with  the  muscles,  there  is  doubtless  an  element  of 
muscular  impairment  which  results  from  inability  to  function  properly.  Young 
calls  attention  to  the  integrity  of  the  fibrous  capsule  of  the  hip  joint  as  evidence 

VOL.  IV. — 48 
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that  this  condition  is  not  a  true  dislocation,  an  essential  feature  of  which 
is  a  rupture  of  the  capsule;  hence  it  should  rather  be  considered  the  result  of  a 
failure  to  d(>velop  in  a  nonnal  luaiuier.  lu  many  cases  at  operation  the  exist- 
ence of  a  false  acetabulum  upon  the  side  of  the  ilium  is  demonstrable,  and  it  is 
also  often  in  evidence  in  the  skiagram,  as  may  be  seen  in  Fig.  539.  The 
fact  that  a  false  acetabulum  may  b(>  formed  by  pressure  of  the  femoral 
head  against  the  side  of  the  iliac  bone,  is  cited  as  proof  of  tlie  ability  of 
the  head  of  the  femur  to  bore  out  a  cavity  for  itself  in  the   original   impcr- 


FiG.  539. — Equilateral  Dislocation.      (Children's  Hospital,  Boston.) 


fectly  developed  acetabulum.  Those  who  assume  that  such  an  outcome  is 
likely  to  happen  when  the  head  is  replaced,  seem  to  ignore  the  fact  that 
defects  in  the  relation  of  the  neck  to  the  shaft,  as  well  as  misshapen  heads, 
make  the  exercise  of  the  compression  necessary  to  the  deepening  of  an 
acetabulum  much  more  difficult  than  it  is  at  the  seat  of  the  faulty  acetabulum, 
and,  furthermore,  that  even  the  false  acetabulum  has  no  stability.  AVhen  the 
head  of  the  femur  has  arrived  at  the  point  where  it  tends  to  form  a  new  socket 
for  itself,  it  has  gone  as  far  as  it  can  go;  and  a  shallow,  imperfectly  constructed 
socket  is  as  good  as  a  more  perfect  one.  It  by  no  means  follows  that  were  the 
head  replaced  in  the  old  cavity  it  would  be  any  more  inclined  to  remain  there, 
even  though  it  could  ream  out  for  itself  in  that  situation  as  deep  an  acetabubmi 
as  it  had  producerl  on  the  side  of  the  ilium.  In  fact,  the  whole  natural  tendency 
woukl  be   toward  a  reluxation,  for  reasons  which  are  perfectly  obvious.     If 
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replacement  could  be  accompanied  by  remodelling  of  the  shape  of  the  head  and 
neck  of  the  femur,  as  well  as  deepening  of  the  acetabular  cavity  and  alteration 
in  this  structure  itself,  there  might  be  some  hope  of  a  satisfactory  readjustment 
of  anatomic  conditions.  One  other  part  of  the  normal  structure  of  the  hip 
joint  undergoes  some  modification  in  congenital  dislocation  of  the  hip,  and 
that  is  the  cotyloid  ligament.  In  the  earlier  cases,  at  autopsy  and  operation, 
the  cotyloid  ligament  is  usually  present,  though  often  much  elongated  and 
correspontlingly  thinned.  In  the  older  cases,  after  the  eighth  to  the  tenth 
year,  it  has  not  often  been  found,  having  apparently  undergone  absorption, 
there  being  no  longer  any  need  for  its  existence. 

Symptomatology. — Recognition  of  congenital  dislocations  at  birth  is  quite 
difficult  and  is  rarely  accomplished.  Sometimes  in  the  earlier  months  of  in- 
fancy the  mother  or  nurse  may  detect  a  prominence  in  the  buttock  formed  by 
the  trochanter,  or  a  click  may  be  noticed  in  the  hip  joint  when  the  hips  are  man- 
ipulated, but  usually  it  is  not  until  the  child  commences  to  stand  and  walk  that 
the  condition  is  suspected.  For  considerable  periods  even  after  this  time, 
particularh-  in  the  bilateral  dislocations,  peculiarities  in  gait  may  be  attributed 
to  the  natural,  tottering  instability  of  babyhood.  The  absence  of  the  sub- 
jective signs  of  pain  or  impairment  of  health  favors  the  belief  that  mere  pecul- 
iarity in  gait  may  be  ignored,  and  that  as  the  child  develops  it  will  be  outgrown. 
There  comes  a  time,  however,  wlien  this  illusion  is  dispelled  by  the  closer  obser- 
vation of  parents  or  friends,  and  the  surgeon  is  consulted; 

In  the  unilateral  cases  the  gait  is  quite  significant.  The  child  walks  with 
a  decided  limp,  yielding  on  the  side  of  the  dislocation,  but  without  any  sugges- 
tion of  discomfort  or  limitation  in  the  arc  of  motion.  In  the  bilateral  cases 
there  is  the  same  absence  of  any  suggestion  of  tliscomfort  in  locomotion,  but 
there  is  a  decided  roll  of  the  trunk  from  side  to  side  as  the  child  successively 
attempts  to  shift  its  weight  over  its  altered  centre  of  gi-avity.  There  is  always 
an  exaggeration  of  the  lumbar  lordosis,  which  is  most  marked  in  the  bilateral 
cases.  The  buttocks  arc  very  prominent,  and  in  the  older  children  particu- 
larly the  prominence  of  the  trochanters  is  noticeable  posteriorly  to  their  usual 
location.  In  the  unilateral  cases  there  may  be  some  atrophy  of  the  thigh 
and  calf  which  is,  of  course,  not  so  noticeable  in  double  dislocations.  The  tro- 
chanter is  above  Nekton's  line,  and  seems  situated  in  a  plane  posterior  as  well 
as  superior  to  the  customar\-  location.  Shortening  is  conspicuous  in  the  uni- 
lateral dislocations,  but  is  a  feature  which  can  usually  be  overcome  to  a  greater 
or  less  extent  by  traction  upon  the  femur,  and  during  this  procedure  the  up- 
and-down  excursion  of  the  trochanter  can  be  noted.  The  head  of  the  femur 
cannot  be  detected  in  its  customary  place  immediately  beneath  or  slightly  to  the 
outer  side  of  the  femoral  vessels  at  the  level  of  Poupart's  ligament.  Mobility 
of  the  joint  is  quite  free,  and  where  it  is  at  all  limited  the  restriction  is  not 
due  to  muscular  spasm  but  to  some  mechanical  obstacle.     Adduction,  hyperex- 


756 


AMERICAN    rHACTTCE   OF   SURGERY. 


tension, and  roliitioii  may  l)e  sonicwliat,  restricted,  l)ut  flexion  is  eoniinf)nly  ab- 
normally free.  The  adductors  of  the  thigh  are  often  taut,  and  are  put  on  the 
stretch  very  early  in  atteni])ted  abduction.  The  lianistrings  are  also  inclined 
in  .sonic  cases  to  be  tightened,  causing  an  obstacle  to  conii)lete  extension  at  the 
knee. 

Knock-knee,  valgus,  and  scoliosis  are  not  infrequently  caused  by  this  deform- 
ity, and  combined  with  it  as  an  associated  deformity  there  are  occasionally 
found  other  congenital  defects,  such  as  club  foot  and  spina  bifida.  The  diag- 
nosis (if  this  condition  is  therefore  not  a  very  diiiicult  f)ne  to  make.  Hip  dis- 
ease of  tuliei'culous  origin,  coxa  vara,  and  ]iaralytic  dislocation  of  the  head  of 
the  femur  represent  practical!}'  the  only  conditions  which  it  is  needful  to 
bring  into  tlie  differential. 

Treatment. — '\Miere  thei'e  has  been  so  much  obsciu'ity  as  to  causation  for  a 
deformity,  and  where  so  many  modifications  of  structure  enter  into  the  com- 
position of  the  jiarts  concerned,  it  is  not  strange  that  there  has  been  much 
uncertainty  as  to  the  best  method  of  treatment.     From  the  year  1829  when 


Flo.  ,540. — Double  f'ongpnital  Di.slocation  of  Hips.  Nine  Montlis  after  Rcfluction ;    Function  just 
Being  PerniitteLl.      (Cliildren's  Hospital,  Boston.) 

Dupuytren,  after  a  careful  anatomical  con.sideration  of  the  matter,  came  to  the 
conclusion  that  its  cure  was  not  feasible,  down  to  the  present  time,  when  there 
are  those  who  regard  congenital  dislocation  of  the  hip  as  one  of  the  conditions 
in  which  cure  can  be  almost  guaranteed  if  treatment  is  undertaken  at  the  right 
time  and  in  the  right  way,  there  have  been  all  varieties  of  opinion.  The  urgency 
for  the  discovery  of  some  methotl  of  treatment  which  shall  effect  a  cure,  is  just 
as  gi'eat  as  it  ever  was.  Adults  afflicted  with  this  deformity  are  often  gi-eatly 
incapacitated,  and  suffer  much  from  pain  and  fatigue  as  well  as  from  the  em- 
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barrassment    which    ahva}'^    attciuls    a   disfiguring  deformity.     I'^conomiually, 
they  are  sufferers,  as  well  as  physically. 

To  the  writer  it  seems  that  one  of  the  conclusions,  which  Dupuytren  orig- 
inally drew,  is  still  true,  that  there  are  anatomical  reasons  why  congenital  dislo- 
cation of  the  hi})  cannot  be  cured.  The  work  of  Hoffa,  Lorenz,  and  others  has 
demonstrated  that  the  second  of  his  conclusions,  that  palliative  measures  are 
eiiually  hopeless,  is  imtrue.  There  is  no  discounting  the  fact  that  improvement 
in  the  position  of  the  head  of  the  fenun-  can  be  secured  in  a  consideralsle  pro- 
portion of  the  cases,  and  that  tliis  improved  position  may  be  ijermancntly 


Fig.  541. — Same  Case  as  that  Shown  in  Fig.  540.  Two  Years  Later.  Observe  the  reluxation  of  the 
left  hip  and  a  commencing  lu.xation  of  the  right.  This  condition  has  been  gradually-  dc\-elo]3ing. 
(Children's  Hospital,   Boston.) 

maintained.  A  few  cases,  uncjuestionably,  are  reduced,  and  anatomical  cures 
are  secured.  The  permanency  of  these  cures  is  problematical,  and  is  wholly 
dependent  upon  the  approximation  to  the  normal  of  the  parts  concerned  in 
the  make-up  of  this  articulation. 

Some  cases  which  are  immediately  satisfactory  are  showing  a  tendency  to 
reluxate,  as  is  shown  in  Figs.  540  and  541.  This  doubtless  occurs  more  fre- 
quently than  is  recognized,  and  time  sufficient  to  determine  the  final  results 
of  cases  which  have  been  treated  by  the  more  perfect  methods  of  Lorenz,  has 
not  yet  elapsed.  In  this  country  there  has  been  a  great  tendency  to  stri\'e  for 
some  short  cut  in  the  post-operative  treatment;  so  that  in  all  probability,  the 
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results  here  will  not  show  so  liigli  a  pcrccntafic  of  ])eniiaii('iit  benefit  as  whore 
conservative  post-operative  treatment  is  followed  foi'  a  longer  time. 

In  considering  the  method  of  treatment  to  Ijc  followed  in  a  given  case,  a 
careful  preliminary  study  of  the  anatomical  conditions  is  reiiuired  in  order  that 
the  l)est  plan  may  be  followed.  One  is  always  confronted  with  the  troublesome 
fact,  that  it  is  impossible  in  many  cases  to  form  a  correct  estimate  of  what  these 
anatomical  conditions  really  are,  and  it  is  often  necessary  to  make  an  exam- 
ination under  ether  before  one  is  in  a  position  to  determine  what  the  chances  of 
success  are  likely  to  be.  The  tlifficulties  are  not  by  any  means  overcome  when 
the  head  is  brought  down  opposite  the  acetalnilum,  and  slipped  into  the  socket. 
On  account  of  the  twists  in  the  neck,  or  the  conformation  of  the  heail,it  is  often 


Fig.  542. — Rudimentary  Head  and  Acetabulum  and  Good  Reposition  of  Head  in  Socket,  but  the 
Anatomical  Conditions  Are  Apparently  Unfavorable  for  a  Permanent  Cure.  (Chiklren's  Hospital, 
Boston.) 


necessary  to  maintain  relations  between  the  shaft  of  the  femur  and  the  acetab- 
ulum which  do  not  permit  of  normal  function;  and  if  in  this  position  the  head 
can  be  kept  in  the  socket,  it  may  require  an  osteotomy,  after  stability  has  been 
secured,  to  permit  of  use  of  the  limb. 

To  Hoffa  belongs  the  credit  of  having  first  demonstrated  the  feasibility  of 
deepening  the  acetabular  cavity  and  replacing  the  femoral  head  within  the 
socket  by  an  open  or  bloody  reposition.  The  applicability  of  this  method  is 
restricted  to  those  cases  of  unilateral  deformity  in  which  bloodless  reduction 
has  failed,  or  where  the  age  of  the  j^atient  precludes  the  possiloility  of  securing 
satisfactory  functional  results  by  such  an  attempt.  Even  with  the  assistance 
of  the  various  mechanical  aids  to  reduction,  failure  is  the  result  in  the  majority 
of  cases  after  puberty.  Such  an  operation  contemplates  the  establishment  of 
a  stable  articulation  by  a  more  or  less  firm  osseous  or  fibrous  ankylosis,  in  a 
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position  where  the  weight  of  the  body  is  borne  tlirougli  tlie  normal  centre  of 
gravity.  In  bilateral  cases  this  method  is  not  api^licable.  The  operation  itself 
is  difficult,  both  because  of  the  obstacles  to  reduction  offered  by  the  contractures 
of  muscle  and  tendon,  and  because  of  the  deep-seated  position  of  the  acetabu- 
lum and  the  fact  that  it  is  sometimes  hard  to  identify  it  and  ream  it  out  when 
it  is  found.  Special  curettes  and  burr  drills  have  been  devised  to  facilitate 
the  procedure. 

The  bloodless  method  is  attended  with  its  greatest  successes  during  the  period 
between  the  second  and  third  and  the  sixth  or  seventh  years  in  the  hands  of  the 
most  skilful  manipulators.     The  percentage  of  cures  is  higher  by  five  or  six  per 


Fig.  543. — Showing  Tendency  to  Redislocation  One  Year  after  Reduction.  Rudimentary  acetab- 
ula  apparently  the  cause  for  the  relaxation.  Same  case  as  that  shown  in  Fig.  542.  (Children's  Hos- 
pital, Boston.) 


cent  in  the  unilateral  cases  than  in  the  bilateral.  Complete  overcoming  of  the 
contractures  of  all  muscles  whose  shortness  or  tautncss  coukl  interfere  with  the 
reposition  of  the  head  in  the  old  acetabulum  is  a  prime  essential  of  the  operation. 
This  having  been  accompUshcd,  and  the  ability  easily  to  abduct  and  hyperextend 
the  thigh  with  the  head  of  the  bone  at  least  opposite  the  acetabulum  having  been 
demonstrated,  the  femoral  head  may  be  slipped  over  the  rim  of  the  acetabu- 
lum; and  this  takes  place  with  a  click  which  is  conmionly  audible,  but  is  some- 
times only  palpable.  When  this  can  be  accomplished  it  should  be  possible  to  pal- 
pate the  head  of  the  femur  just  below  the  femoral  vessels  at  Poupart's  ligament. 
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By  rotating  the  femur  the  head  is  nion;  readily  recognized.  In  order  that  it 
should  remain  there  and  not  immediately  become  dislocated  again  as  soon  as  the 
force  which  replaced  it  is  removed,  it  may  be  necessary  strongly  to  invert  or 
strongly  evert  the  foot:  and  the  position  whirh  the  thigh  takes  when  reduction  is 
completed  is  that  of  ninety  degrees,  more  or  less,  of  abduction,  and  flexion  to  nearly 
the  same  amount  in  the  majority  of  cases.  This  position  is  well  shown  in  Fig.  542. 
Fig.  543  shows  very  well  that,  although  reduction  in  this  chikl,  who  was  eight 
years  of  age,  was  brought  about,  and  thougli  it  ici|uii('d  machine  reduction  to 


Fig.  544. — Compare  with  Fig.  543,  p.  759.     Tliree  Months  after  Reduction.     (Children's  Hos- 
pital, Boston.) 


accomplish  it,  the  chances  are  strongly  in  fa\-or  of  its  Ijeing  reluxated  because  of 
defects  in  the  formation  of  the  head.  It  is  difficult  to  see  how,  even  if  the 
acetabulum  should  be  deepened  by  the  pressure  of  that  rudimentary  head,  any 
proper  development  of  the  head  itself  is  to  be  brought  about;  and  if  the  latter  is 
not  secured  no  stability  can  be  reasonably  anticipated  in  this  joint.  In  Fig.  544 
there  is  a  slightly  better  developed  head  than  that  shown  in  Fig.  543  on  page  759, 
but  the  chance  for  reluxation  seems  good.  When  the  preliminary  steps  have 
been  thoroughly  carried  out  and  replacement  of  the  head  has  taken  place,  then, 
in  those  cases  where  success  is  to  be  attained,  spontaneous  luxation  ought  not 
to  be  easy  before  the  plaster  is  applied  or  is  being  applied.  As  a  preliminary 
to  bloodless  reduction,  traction  in  bed  for  several  days  previous  to  etherization 
often  facilitates  the  manipulations,  antl  at  the  time  of  the  operation  kneading 
massage  to  the  tautened  adductors  assists  in  overcoming  their  tension.  Ma- 
chines, such  as  those  devised  by  Bartlett  and  Bradford  in  this  country  and  by 
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Lexer  and  Heusner  abroad,  facilitate  the  stretching  of  contracted  fasciae  and 
Ugaments  and  fixation  of  the  pelvis,  which  is  so  necessary  during  certain  of  the 
manipulations.  Lorenz  employs  a  simple  wedge-shaped  block  of  wood  tc 
aid  in  the  final  sliding  of  the  head  into  the  acetabulum. 

A  consideraljle  number  of  accidents  have  attended  the  employment  of  the 
force  exerted  in  attempts  to  reduce  the  older  cases,  particularly  by  the  machine 
methods.  Ruptures  of  vessels  and  fractures  of  the  femur  and  pelvis  are  the 
more  serious  of  these,  with  an  occasional  injury  to  the  great  nerve  trunks. 


Fig.  545. — Attempted  Reduction  (not  at  tlie  Hospital)  of  a  Congenital  Dislocation  and  Fracture 
and  Impaction  of  the  Femoral  Neck.      (Children's  Hospital,  Boston.) 

Production  of  hajmatomata  is  conmion,  but  not  often  of  serious  consequence, 
antl  the  same  is  true  of  the  superficial  tears  in  the  skin. 

At  a  machine  reduction  in  a  twelve-year-old  child  the  writer  fractured  both 
pubic  rami  but  without  any  troublesome  consequences.  Fig.  545  illustrates  an 
impacted  fracture  of  the  femoral  neck  brought  about  in  an  attempt  at  retluc- 
tion  of  a  dislocation. 

The  after-treatment  of  these  cases,  both  the  immediate  and  the  remote,  is  of 
great  importance.  The  retentive  spica  should  be  put  on  with  the  utmost  care 
while  the  child  is  still  under  ether,  and  while  the  limb  is  in  the  position  where 
greatest  stability  is  demonstrable,  relegating  to  the  future  an  osteotomy  for  the 
correction  of  possible  faulty  positions  of  the  limb.  If  the  head  is  in  place  and 
the  acetabulum  is  to  be  deepened  by  the  exercise  of  its  compression  force,  pro- 
longed confinement  in  plaster,  accompanied  by  early  institution  of  weight-bear- 
ing, should  be  the  rule.  The  first  j^laster  should  be  worn  three  or  fovir  months 
and  then  changed  for  one  exactly  similar,  if  the  reduction  is  found  at  that  time 
to  be  maintained.    The  treatment  should  be  continued  for  from  six  to  eight  months 
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longer,  and  then  some  lessening;  of  the  extreme  position  may  be  permitted,  still 
under  the  ])rotec'tion  of  plaster  spicas.  In  the  covu-se  of  three  or  four  months 
more,  the  child  may  allow  the  position  of  the  thigh  to  approximate  the  normal, 
and  a  thoroughgoing  course  of  massage  and  active  and  passive  manipulation 
sliould  Ije  continued,  with  intermittent  fixation,  for  fully  a  year  longer,  making 
the  entire  treatment,  after  manipulative,  bloodless  reduction,  occupy  two  years 
or  more.  If  only  an  anterior  rej)osition  results  from  this  it  is  worth  while;  for 
this  is  a  much  better  functional  condition  than  the  original,  and  is  more  likely 
to  be  permanent  than  is  an  anatomical  replacement  where  the  condition  of  the 
acetabulum  and  the  femoral  heatl  is  rudimentary. 

In  Fig.  546  is  shown  a  case  where  the  shape  of  the  femoral  head,  the  develop- 
ment of  the  neck,  and  the  angle  of  the  neck  with  tlie  shaft  were  not  particularly 


Fig.  546. — Before  Bloodless  Machine  Reduction.     Left  head  was  out  of  the  socket  clinically  and  was 
replaced.      Right  was  thought  to  be  in  place  clinically.      (Children's  Hospital,   Boston.) 


faulty  in  either  hip,  but  whei'c  the  maintenance  of  the  head  in  the  socket 
for  a  year  had  failed  to  deepen  the  acetabulum  and  consequently  redisloca- 
tion  was  taking  place.  The  "anterior  reposition,"  which  very  often  passes 
for  an  anatomical  reduction,  yields  very  gootl  functional  results  and  can  be 
easily  secured  when  the  immediate  results  of  attempts  at  anatomical  replace- 
ment show  an  instability  of  the  reduction.  In  the  writer's  opinion,  where  such 
is  the  case,  it  is  much  wiser  to  be  satisfied  with  anterior  reposition  than  to  try 
for  an  anatomical  cure  and  suffer  the  result  which  so  frequently  happens,  even 
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while  the  patient  is  wearing  tlie  first  retentive  plaster.  The  tendency  in  these 
cases  is  to  reluxate  to  the  old  posterior  position.  Statistics  are  notoriously 
untrustworthy  on  matters  of  this  kind,  and  that  they  should  be  so  is  easily  ap- 
preciable when  one  considers  the  difficulties  of  making  accurate  observations. 
The  percentages  of  cure  in  congenital  dislocation  vary  all  the  way  from  three  to 
seventy-two  per  cent  in  the  hands  of  various  operators,  as  given  by  Lorenz  and 
Reiner.*  In  view  of  the  tendency  to  progressive  redislocation,  which  has  been 
shown  in  some  of  the  illustrations  presented  in  this  chapter,  even  over  consider- 
able periods  of  time,   it  seems  that  the 


Fig.  547. 


Fig.  548. 


Fig.  547. — Patient  .Standing.  Observe  the  direction  of  the  pull  of  the  quadriceps  tendon.   (Original.) 
Fig.  548. — Side  Mew  of  the  Same  Case  as  that  Shown  in  Fig.  547.      (Original.) 

future  of  many  cases  reported  as  cures  when  retentive  plasters  are  removed, 
will  speak  less  favorably  for  anatomical  reduction,  though  without  doubt  many 
will  be  functionally  improved. 

Appai'atus  has  been  employed  without  resort  to  operation  in  some  bilateral 
cases  with  considerable  success.     In  unilateral  cases  it  has  not  been  so  bene- 

*  Joachimthal's  "  Handbuch  der  orfh.  Chir.,"  sechste  Lieferung,  p.  222. 
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ficial.  Tlie  brace  which  has  been  most  efficient,  has  been  a  back  brace  to  wliich  is 
attached  a  [jelvic  liand  tliat  encircles  the  jjclvis  at  as  low  a  level  as  can  be  worn 
and  at  the  same  time  allow  the  patient  to  sit.  In  oixler  to  carry  it  as  low  as  pos- 
sible beliind,  the  |)oi'ti<)n  crossin.L!;  Ilie  saci'iim  dips  down  just  behind  the  greater 
(roclianters,  ciu'vin;j;  over  tlirin,  and  tei'niinates  in  front  at  the  anterior  superior 
spines.     The  uprights,  which  ai-e  of  teniperetl  steel  of  about  .16  gauge,  do  not  ht 

in  closely  to  the  lumbar  spine,  but  stand 
away  from  it.  To  these  uprights  is  at- 
tached a  leather  abddiuinal  belt  about 
eight  to  ten  inches  in  depth,  which  buckles 
in  fi-ont,  and  l:)y   drawing  this  tight  the 


Fig.  549. 


Fig.  550. 


Fig.  549. — Circular  Dotted  Line  Indicates  tlie  Posi.tion  of  tlie  Patella.  Obser\'e  tlie  high  posi- 
tion of  the  patella  and  the  prominence  of  the  internal  condyle.      (Original.) 

Fig.  550. — Dots  Indicate  the  Position  of  the  Tibial  Tubercles  before  and  after  Transplantation. 
Observe  also  the  position  of  the  patella.      (Original.) 


lumbar  spine  is  drawn  in  to  the  uprights  and  the  weight  of  the  body  is  shifted 
backward  more  nearly  over  the  centre  of  gravity.  By  this  procedure  the  gait 
is  made  less  rolling,  lordosis  is  slightly  lessened,  and  the  symptoms  of  fatigue 
and  strain  which  these  patients  often  complain  of  are  considerably  ameliorated. 
This  has  been  csjiecially  advantageous  in  adults.  It  was  also  helpful  in  a  bilat- 
eral dislocation  in  a  child  where  bloodless  reposition  hail  failed.    Apparatus 
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having  for  its  purpose  fixation  of  the  trochanter  by  pads  and  moditied  spicas 
has  not  been  satisfactory. 

In  spite  of  all  that  has  been  thus  far  accomplished,  the  treatment  of  congen- 
ital dislocation  of  the  hip  is  only  satisfactory  in  so  far  as  it  contributes  to  a 
functional  betterment.     Anatomical  reduction  is  rarely  permanent.* 

C(.)\(",ExrrAL  CiENar  Recur\'.\tum. — This  is  a  rare  condition  -Mid  needs  only 
brief  mention.  It  is  not  a  true  dislocation,  but  more  properly  a  In'perextension 
of  the  tiliia  and  fibula  ui)on  the  femur.     The  extensor  muscles  are  shortened 

while  the  flexors  are  stretched,  and  mo- 

tions  in  these  two  directions  are  corre- 
spondingly modified.  Associated  with 
this  tliere  are  frecjucntly  other  con- 
genital defects  such  as  club  foot  and 
absence  of  the  patella.  Malposition  in 
utero  seems  the  most  probable  explana- 
tion of  the  deformity.  It  is  rarely  nec- 
essary to  do  more  than  massage  the 
muscles  of  the  thigh  and  practise  active 
overcorrection  of  the  deformity,  at  the 
same  time  applying  some  light  appara- 
tus to  maintain  the  corrected  position. 
Forcible  correction  mider  an  aniesthetic 
is  occasionally  necessary. 

Dislocation  OF  the  Patella. — Dis- 
placements of  the  patella  may  be  asso- 
ciated with  knock-knee  of  congenital 
origin,  or  may  be  caused  by  lengthening 
of  the  patellar  tendon.  The  latter  cause 
gives  rise  to  a  condition  commonly 
spoken  of  as  "slipping"  patella,  but  the 
lengthening  of  the  tendon  is  muloubt- 
edly  a  congenital  defect. 

An  extreme  case  of  congenital  dis- 
placement of  the  patella  is  shown  in 
Figs.  547,  548,  and  549.  Only  a  moderate  grade  of  knock-knee  was  associated 
with  this  condition.  The  disability  resulting  from  this  dislocation  was  quite 
extreme,  and  radical  treatment  was  not  undertaken  imtil  adult  life  was  estab- 
lished. Discomfort,  amounting  in  many  cases  to  acute  suffering,  easy  fatigue, 
and  a  very  much  restricted  ratlins  of  activity  mark  the  more  severe  types  of  these 
congenital  displacements. 

*This  statement  is  made  In  view  of  the  tendency  to  reluxate  which  quite  a  iiuinljor  of 
patients  have  manifested  even  in  cases  where  the  immediate  results  were  gootl. 


Fig.  551. — After  Operation.  Side  view  of  Fig. 
550.  Observe  position  of  patella  after  trans- 
plantation of  tibial  tubercle.     (Original.) 
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In  tin-  "slipping  patella"  cases  there  is  a  sense  of  instability  at  the  knee- 
joint  whieh  eauses  the  patient  constant  anxiety.  With  greater  or  lesser  fre- 
(juence  the  patella  will  slip  over  the  external  femoral  condyle  and  the  patient 
may  be  thrown  to  the  gromid:  and  some  maniiiulatinn  may  be  necessary  in  order 
to  restore  the  patella  to  its  proper  place  on  the  femoral  condyles.  Usually 
considerable  synovitis  is  produced  by  these  luxations. 

Mild  grades  of  knock-knee  are  not  infreciuently  noted  in  these  cases,  thus 
altering  the  direction  of  the  pull  of  the  (juadriceps  upon  the  tibial  tubercle. 
When  the  leg  is  completely  extended  there  is  a  marked  laxity  of  the  joint  cap- 
sule, and  the  patella  can  be  pushed  owv  into  an  extreme  position  of  outward 
displacement.  In  these  cases,  when  the  leg  is  extended,  the  inferior  border  of 
the  patella  rests  higher  on  the  femoral  condyles  than  is  normal;  and  it  does 
not  descend  as  far  in  extreme  flexion. 

Treatment. — Where  the  osseous  deformity  is  extreme  in  its  tendency  toward 
knock-knee,  it  is  often  necessary  to  resort  to  an  osteotomy,  but  many  cases  may 
be  cured  by  lesser  procedures.  Formerly,  cjuilting  operations  were  performed 
upon  the  capsule  to  correct  this  tendency,  but  they  were  attended  with  failure 
because  the  c]uilted-up  portion  invariably  stretched  out.  Then  the  patellar 
tendon  was  shortened,  but  this  was  not  much  of  an  improvement.  In  the  case 
figured  on  page  764,  the  tibial  tubercle  was  transplanted  to  a  position  where  the 
pull  of  the  (luadriceps  would  draw  the  patella  over  the  top  of  the  condyles  of 
the  femur,  as  shown  in  Figs.  550  and  551. 

Goldthwait  has  also  devised  an  ojx'ration,  by  which  the  outer  half  of  the 
patellar  tendon  is  transferred  beneath  the  remainder  of  the  tendon  which  is 
left  inserted  into  the  tibial  tubercle,  and  is  then  attached  subperiosteally,  after 
the  manner  of  Lange,  on  the  inner  face  of  the  tibia  at  a  point  similar  to  that  at 
which  the  tibial  tubercle  was  transplanted  in  Fig.  550.  This  changes  the 
direction  of  the  pull  of  the  fjuadriceps,  and  provides  for  possible  failure  of  the 
subperiosteal  implantation  by  leaving  the  inner  half  of  the  tendon  intact.  This 
operation  has  been  attended  with  very  satisfactory  results. 

Congenital  Disloc.\tion  of  the  Ankle. — Most  of  the  congenital  disloca- 
tions at  the  ankle,  like  those  at  the  waist,  are  the  result  of  total  or  partial  defects 
in  the  development  of  one  or  the  other  of  the  bones  of  the  leg.  The  bone  most 
often  absent  is  the  fibula,  and  extreme  outward  tlisplacement  of  the  foot  upon 
the  leg  is  the  result  of  this  absence.  It  is  frequently  associated  with  other  con- 
genital defects  in  the  lower  extremity.  Treatment  by  the  application  of  an 
artificial  limb,  either  with  or  without  an  amputation  in  the  extreme  cases,  is  all 
that  promises  much  in  the  way  of  function. 


TORTICOLLIS. 

(CAPUT  OBSTIPUM;  WRY-NECK.) 
By   GEORGE   D.  STEWART,  M.D.,  New  York  City. 


Typical  cases  of  this  affection  consist  of  a  shortening  of  the  sterno-mastoid 
muscle,  producing  a  deformity  the  most  prominent  feature  of  which  is  a  twisting 
or  turning  of  the  neck.  Secondary  involvement  of  other  muscles  and  tissues 
may  motlify,  or  entirely  eliminate,  the  characteristic  deformity:  the  pathologj', 
however,  remaining  unchanged.  The  term  torticollis,  or  wry-neck,  expressing 
as  it  does  only  a  symptom  and  explaining  nothing  of  the  pathology,  should  be 
abolished  in  favor  of  a  more  exact  nomenclature.  Its  application  by  different 
writers  also  varies  widely.  Thus,  h}'  some  it  is  used  to  include  caries  of  the  cer- 
vical spine  with  deformity  of  the  neck — a  relation  in  which  wry-neck  is  mani- 
festly a  symptom  of  a  moi'e  important  underlying  disease;  while  by  Keetley 
and  others  it  is  applied  only  to  contraction  of  the  sterno-mastoid.  The  term, 
however,  has  long  lineage  and  even  the  sanction  of  present  custom,  anil  will 
be  retained  and  discussed  here  in  the  sense  defined  by  A^'hitman,  as  follows,  viz. : 
"That  in  torticollis  the  distortion  is  the  important  disability  that  demands 
treatment." 

Cl.\ssific.\tion. — The  following  varieties  of  torticollis  will  be  described: 
(a)  congenital,  (b)  acquired,  (c)  spasmodic,  and  (d)  the  irregular  forms. 

The  congenital  jorm  is  due  to  prenatal  causes,  or  to  causes  operating  at  the 
time  of  birth.     It  is  usually  painless  and  its  symptomatology  chronic  in  character. 

The  acquired  form,  due  frequently  to  infection,  to  rheumatism,  etc.,  is  acute 
in  its  eai'ly  stages,  presenting  local  pain  and  tenderness,  constitutional  disturb- 
ances, elevated  temperature,  etc.,  and  passes  later  into  a  chronic  stage. 

The  spasmodic  form,  also  an  acquired  variety,  begins,  as  a  rule,  in  clonic 
spasms  of  the  sterno-mastoid  alone,  or  of  this  muscle  and  the  trai)ezius. 

The  irregular  forms — paralytic,  ocular,  mental,  etc. — infrequent  in  oc- 
currence, partly  symptomatic,  and  not  clearly  defined,  are,  in  accordance  with  the 
plan  adopted  by  \Miitman,  given  separate  consideration. 

CONGENITAL  TORTICOLLIS. 

Pathology  and  Etiology.— The  most  important  pathological  changes  take 
place  in  the  muscles,  principally  in  the  sterno-mastoid,  which  is  permanently 

contracted  and  more  or  less  shortened.     These  changes  are  an  increase  of  inter- 
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fibrillary  connective  tissue,  willi  conse(|ueiit  compression  and  disappearance  of 
the  muscle  fibres;  in  otlier  words,  the  fibrous  tissue  increases,  the  contractile 
elements  lessen.  Occasionally  this  fibrous  transformation  may  be  confined  to  the 
tendinous  extremities,  or  even  to  the  stei'nal  head  alone ;  in  other  cases  it  ai)pears 
in  ]jatches  or  transverse  bands,  or  it  may  involve  the  entire  muscle.  Further,  the 
process  extends  to  the  muscular  sheath,  a  fact  which  must  be  remembered  in  treat- 
ment. Wien  the  sternal  head  is  involved  alone,  it  feels  like  a  distinct  rounded 
cord;  -when  the  whole  muscle  is  implicated,  it  appears  as  a  firm,  filirous  band. 

Other  muscles — e.g.,  the  trapezius,  splenius  capitis,  and  levator  anguli 
scapuhr — may  be  affected  secondarily.  Occasionally  one  of  these  may  be  more 
involved  than  the  sterno-mastoid,  but,  as  a  rule,  their  involvement  appears  to 
be  a  temporary  .shortening,  which  is  due  to  forced  posture  and  which  disappears 
when  the  head  is  retui'ned  to  the  normal  jjosition  l;)y  dividing  (;r  removing  the 
shortened  sterno-mastoid. 

Secondai'ily,  the  deep  cervical  fascia  (Figs.  559  and  560)  may  be  shortened, 
and  indeed  all  the  soft  tissues  on  one  side,  both  anteriorly  and  posteriorly,  may 
be  involved,  even  to  the  ligaments,  the  vessels,  and  the  sheaths  of  the  latter, 
which  are  a  jjart  of  the  deep  fascia. 

Arrest  of  develojjment  of  the  face  on  the  affected  side  (facial  asymmetry) 
is  found  rather  frequently;  much  more  rarely  do  the  corresponding  half  of  the 
cranium  and  the  cerebral  hemisphere  suffer  in  the  same  way. 

Lateral  curvature  of  the  cervical  spine  is  always  present,  the  convexity  of  the 
curve  being  directed  away  from  the  affected  side.  Sometimes  a  second  compen- 
satory curve  develops  lower  dowTi.  According  to  Keetley,  the  scoliotic  curve 
of  the  cervical  and  upper  dorsal  regions  may  be  associated  wdth  a  second  com- 
pensatory curve  in  the  loAver  dorsal,  and  even  with  a  thiril  still  lower  down  in 
the  lumbar  region.  The  latter,  however,  is  not  especially  important.  Rota- 
tion of  the  sjiine  compensating  for  the  lateral  distortion  of  the  head,  an  increase 
in  dorsal  kyphosis,  and  an  upward  bowing  of  the  clavicle,  caused  by  tension  of 
the  sterno-mastoid,  may  be  classed  among  the  minor  secondary  deformities. 
Watson  Cheyne  points  out  that  the  curvature  seldom  leads  to  permanent  alter- 
ations in  the  bones  of  a  character  sufficiently  marked  to  prevent,  or  in  any  way 
to  interfere  with,  the  restoration  of  the  head  to  a  normal  position. 

For  a  long  time,  particularly  since  Stromeyer,  it  has  been  held  that  the  most 
frequent  cause  of  congenital  torticollis  is  an  injury  inflicted  on  the  sterno-mastoid 
at  the  time  of  birth,  followed  by  a  hiematoma  of  the  muscle;  in  many  instances 
perfect  recovery  taking  place,  in  others  a  myositis  (fibrous  transfoi-mation)  and 
ultimate  contraction  resulting.  (It  is,  of  course,  recognized  that,  strictly  speak- 
ing, torticollis  due  to  causes  operating  at  the  time  of  birth  is  not  congenital.) 
Of  late  years,  however,  there  have  been  many  advocates  of  the  theory  that  con- 
genital torticollis  is  due  rather  to  prenatal  causes,  viz.,  a  fixed  or  constrained 
position  in  the  uterus  for  a  longer  or  shorter  time  before  birth. 
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The  arguments  of  those  who  accept  the  latter  view  and  reject  the  former  are 
well  set  forth  by  AMiitman  as  follows:  "(1.)  Rupture  of  the  muscle  in  other 
situations  is  not  followed  by  myositis.  (2.)  Myositis  and  contraction  do  not 
follow  injury  of  muscles  in  animals,  unless  there  is  at  the  same  time  a  pyogenic 
infection.  (Heller.)  (3.)  Most  of  the  ca.ses  of  congenital  torticollis  present  no 
e^'idence  of  injury  when  seen  at,  or  soon  after,  birth.  (4.)  Cases  of  ha?matoma 
of  the  sterno-mastoid  are  not,  as  a  rule,  followed  by  torticoUis.  (5.)  A  con- 
genitally  shortened  sterno-mastoid,  due  to  a  constrained  i)osition  in  the  uterus, 
may  be  ruptured  at  birth,  but  the  resulting  htematoma  is  then  merely  a  compli- 
cation of  a  torticolhs  due  to  prenatal  causes." 

The.se  arguments  being  admitted,  there  still  remain  unexplained  these  cases 
of  torticollis  in  which  practically  the  sterno-mastoid  alone  is  affected,  the  other 
parts  being  healthy.  Surely  if  these  were  due  to  prenatal  constraint,  other  tissues 
beside  the  muscle  woukl  be  involved.  Broca,  (Journ.  despraticiens,  April  Sth, 
1905)  describes  this  form,  which  he  calls  the  obstetrical  variety  of  congenital  tor- 
ticollis, as  occurring  usually  on  the  right  side,  AA-ith  a  normal  spine  and  with  no 
tenderness  on  pressure  or  congestion  of  cervical  ganglia.  Furthei',  he  points  out 
that  two-thirds  of  the  patients  are  breech  presentations,  that  the  damage  is  never 
evident  at  birth  but  usually  two  or  three  weeks  later,  that  in  the  majority  of 
cases  there  is  recovery  without  a  trace  of  trouble,  and,  more  important  still,  that 
in  those  wliich  terminate  in  contracture  a  myositis  ensues  which  ends  in  fibrous 
degeneration  of  the  muscle  and  its  sheath.  Friedberg  (Deutsche  Zeitschrift 
fur  Chirurgie,  Yo\.  LXI.),  in  a  study  of  twenty-nine  cases  from  Neuman's  Clinic, 
points  out  the  fact  that  55  per  cent  were  breech  presentations,  and  accepts 
traumatism  at  birth  as  the  most  common  etiological  factor.  Histological  ex- 
aminations were  frequently  made  in  his  cases,  and  the  invariable  findings  were 
interstitial  myositis  with  infiltration  and  increase  of  tiie  interfibrillary  connective 
tissue.  This  author  docs  not  deny  that  muscular  atrophy  may  result  from  per- 
manent intra-uterine  displacement  due  to  lack  of  space,  nor  does  he  regard  as 
untenable  Kader's  theory  that  an  infectious  myositis  may  sometimes  be  the 
primary  cause,  although  bacteria  were  not  found  in  any  of  the  cases.  Kempf 
{Zeit.  fur  Cliir.,  Yo\.  73,  Heft.  4-6),  from  a  study  of  thirty-seven  cases,  states 
that  the  histological  findings  do  not  point  conclusively  to  an  inflanimation 
of  the  muscle,  but  rather  to  an  ischemia  to  which  he  believes  the  muscle  is 
specially  susceptible,  both  fi-oni  its  exposed  situation  and  from  its  peculiar 
vascular  relations.  This  ischa-mia,  he  believes,  may  affect  the  muscle  during  in- 
tra-uterine life,  at  birth  following  a  hematoma,  or  even  later  in  life.  Maas  {Zeit. 
filr  orthop.  Chirurg.,  Vol.  XI.)  admits  in  exceptional  instances  an  infectious 
myositis,  but  believes  that  tiie  majority  of  cases  are  due  to  a  traumatic  muscular 
necrosis,  caused  at  the  time  of  birth,  with  secondary  substitution  of  cicatricial 
connective  tLssue,  as  in  ischa-mic  necrosis  of  muscle  elsewhere.  The  intra-uterine 
mode  of  origin  he  thinks  is  rare. 

vol..  IV. — 49 
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To  svmi  lip,  it  would  iiiipcai'  tliut  tlic  causative  factoi's  may  he:  ( 1)  ])i'('natal, 
clue  to  a  faulty  ami  constiaiucd  position  //)  utcro,  rcsemt)ling  and  sometimes 
occurring  with  club-foot  and  similar  deformities;  or  (2),  they  may  be  of  the 
nature  of  a  trauma  of  the  sterno-mastoid,  inflicted  tluring  birth  and  ter- 
minating in  a  myositis,  simple  or  infectious.  The  shortening  of  the  fascia  may 
be  due  to  the  faulty  jjosition  in  idero,  or  to  the  faulty  jjosition  which  follows  from 
the  damagetl  muscle.  The  arrested  development  in  face  and  brain  occurs  in  the 
ac(iuired  as  well  as  in  the  congenital  form,  lessens  after  an  early  correction  of 
the  defoi-niity,  and  is  thei'efort'  i)robalily  due  to  an  ischa'mia  caused  l)y  kinking 
of  the  artery  or,  where  the  fascia  is  involved,  by  compression  of  the  arterial 


Fig.  552. — Congenital  TurticoUis  uf  the  Left  Side.    (Collection  of  Dr.  Reginald  Sayre.)    See  also  Fig.  553- 


sheath.  It  may  even  be  present  at  Ijirth  without  torticollis,  ^^'hen  an  infectious 
myositis  is  the  cause,  this  process  may  extend  to  the  deep  fascia  and  bring  about 
the  same  results.  The  spinal  curvatures  are,  of  course,  postural.  Other  causes 
which  have  been  brought  forward  to  account  for  certain  cases  of  torticollis  are: 
a  defective  development  of  the  atlas  and  others  of  the  cervical  vertebra^,  and  an 
arrested  development  of  the  muscles  due  to  a  lesion  of  the  nerves  or  nerve  cen- 
tres. Cases  due  to  the  former  cause,  if  they  exist,  must  be  very  rare  and  un- 
important; cases  of  the  latter  category  will  be  considered  under  Special  Forms. 
(See  p.  S04.) 

Clinical  History. — The  deformity  of  Torticollis,  or  wry-neck,  is  due  to  a  short- 
ening of  the  sterno-mastoid  and  consists  of  the  following  displacements :  (a)  The 
head,  as  a  whole,  is  tilted  toward  the  contracted  side;  (b)  it  is  displaced  forward,  the 
ear  on  the  diseased  side  approaching  the  sternum;  (c)  the  face  is  rotated  toward 
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the  sound  side;  (d)  the  chhi  is  clevatcil.  (Figs.  552  and  553.)  There  are  many 
variations  from  these  forms — variations  due  to  implication  of  other  structures. 
Thus,  for  example,  when  the  lateral  tissues  of  the  neck  are  principally  involved, 
there  is  but  little  rotation  and  the  forwai'tl  displacement  of  the  head  is  not  marked. 
When  the  posterior  muscles  (trapezius,  levator  anguli  scapulce,  etc.)  on  one  side 
alone  are  affected,  the  head  is  not  displaced  so  far  forward,  and  the  scapula  is 
elevated  and  tilted;  otherwise  the  deformity  is  quite  typical.  Implication  of 
both  sterno-mastoids,  or  of  both  trapezii,  or  of  the  anterior  and  posterior  muscles 
on  lioth  sides  of  the  neck  eliminates  the  rotation  and  therefore  the  tyjiical  sign 
of  twisted  neck.     These  bilateral  combinations  are  relatively   rare.     When  the 


Fig.  553. — Congenital  Torticollis  of  the  Left  Side,  Posterior  View,  Showing  Elevation  of  the  Scapula 
and  Shoulder.  (From  the  collection  of  Dr.  Reginald  Sayre.)  See  also  Fig.  552,  which  roprcsent.s  a 
front  view  of  the  same  patient. 


])articular  muscles  involved  cannot  be  determined  from  the  tleformity,  palpa- 
tion may  afford  material  aid  by  showing  that  the  affected  muscles  are  rigid, 
the  unaffected  remaining  flaccid.  In  long-continued  cases,  owing  to  the  de- 
velopment of  compen.satory  curvatures  in  the  cervical  sjiinal  colunni,  the  head, 
as  a  whole,  is  displaced  toward  the  sound  shoulder.  Motion  in  certain  direc- 
tions is  free;  in  the  direction  opposed  by  the  shortened  muscles  it  is,  of  course, 
limited. 

In  addition  to  the  principal  deformity  there  are  other  distortions,  such  as 
asynnnetry  of  the  face,  lack  of  development  of  the  corresponding  half  of  the 
brain  and  cranium,  and  compensatory  curvatures  of  the  spine.  The  asymmetry 
of  the  face  is  supposed  to  be  due  to  constrained  position,  lack  of  blood  supply  (see 
under  Pathology),  restriction  of  function,  and  the  pulling  of  the  shortened  tissues. 
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It  may  follciw  tlic  aci|iiii'c(l  as  \\cll  as  llic  coiiiiciiital  t'nnii.  In  well-marked 
cases  the  features  on  the  affeeted  sides  are  smaller:  the  line  of  the  nose  deviates 
and  is  not  at  right  angles  with  the  transverse  line  of  the  eyes;  the  nose,  corner  of 
the  mouth,  and  even  the  eyelids  on  the  affected  side  are  drawn  downward;  and 
the  skull  (III  that  side  also  may  slidw  e\-idcncc  of  atrn|ihy.  Hy  Witzcl  the  asym- 
metry of  face  and  skull  is  regarded  as  a  scoliosis  due  to  dragging  of  the  short- 
ened tissues.  (Fig.  554.)  The  compensatory  curvatuivs  of  the  spine  occur  pri- 
marily in  the  cervical  region;   secondarily  there  may  develop  a  curvature  lower 


Fig.  5.54. — Congenital  Right-sided  Torticollis,  Sliowing  Facial  Asymmetry.  (Collection  of  Dr.  Reginald 

Say  re.) 

down;  some  rotation,  of  course,  accompanies  the  curvature;  and  dorsal  kypho- 
sis is  observed  particularly  in  the  cases  of  long  standing.     (Fig.  555.) 

Usually  the  deformity  of  congenital  torticollis  is  so  slight  at  birth  as  to 
escape  notice.  It  may  appear  in  the  course  of  three  or  four  weeks,  or  not  until 
the  child  sits,  or  even  later.  Occasionally  it  is  extreme  at  birtli,  being  ac- 
companied by  asymmetry  of  the  face  and  distortion  of  the  skull.  As  the  dis- 
ease progresses  the  deformity  increases;  indeed,  all  the  deformities  increase — 
a  fact  which  emphasizes  the  importance  of  early  treatment  and  ]ioints  em- 
phatically to  an  increase  in  the  difficulties  to  be  encountered  corresponding  to  the 
delay  in  beginning  treatment. 

In  acquired  cases  the  deformity  follows  rather  promptly  the  onset  of  the 
disease. 

Diagnosis  of  Congenital  Torticollis.— In  congenital  torticollis  the  diagnosis 
is  based  on  the  deformity  of  the  neck  and  the  compensatory  deformities,  partic- 
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iilarly  the  oljliquity  and  rotation  of  the  shoulders  brought  aliout  in  the  attempt 
of  tlie  patient  to  l-;cep  the  face  as  nearly  as  possible  in  the  perpendicular  line ;  on 
the  contraction  and  shoi'tening  of  the  muscles  as  revealed  by  inspection  and  pal- 
liation: and  on  the  limitation  of  motion,  which  is  restricted  onh^  in  the  direc- 
tions controlled  by  the  shortened  muscle  or  muscles.  These  vnth  the  history, 
the  painless  character  of  the  affection,  and  the 
facial  asynniietry  ^\■hcn  present,  serve  to  differ- 
entiate the  congenital  form  of  torticollis  from 
Pott's  disease  of  the  cervical  si)ine  or  from  a 
rheumatic  or  infective  process  involving  the 
spinal  articulations.  Li  the  infant  a  suspected 
congenital  torticollis  may  be  made  more  ap- 
l^arent  by  drawing  the  arm  downward  on  the 
su.spectcd  side,  at  the  same  time  rotating  the 
head  toward  the  opposite  side,  by  which  means 
the  shortened  muscle  is  made  prominent. 
(Wliitman.) 

Prognosis. — In  congenital  torticollis,  and 
al.so  in  the  chronic  form  of  acquired  torticollis, 
the  prognosis  depends  on  the  success  of  the 
surgical  measures  enijiloyed.  A  complete  per- 
manent cure  may  be  obtained,  in  a  majority 
of  all  cases  the  head  recovering  its  normal  range 
of  motion,  the  scoliosis  disappearing,  and  the 
asymmetry  becoming  less  and  less. 

Treatment. — If  the  sterno-mastoid  has  been 
ruptured  at  birth  and  is  the  seat  of  ahannatoma, 
care  should  be  exercised  to  prevent  the  occur- 
rence of  torticolUs.  Absorption  of  the  clot 
should  be  promoted  by  massage  with  the  use 
of  ointments  or  of  hot  fomentations,  and  short- 
ening of  the  muscle  should  be  prevented  liy  ]ilacing  the  head  in  suitable 
postures.  If  slight  deformity  has  occurred,  either  with  or  without  discoverable 
hfcmatoma,  it  may  be  overcome  by  drawing  down\\ard  on  the  arm  of  the 
affected  .side  and  lui'ning  the  face  forcibly  toward  the  same  side — that  is,  in 
the  direction  which  will  put  on  the  stretch  the  contracted  muscle.  This 
should  be  repeated  several  times  daily,  massage  of  the  stretched  muscle 
being  employed  at  the  same  time  and  every  possible  advantage  being  taken 
of  posture,  both  in  bed  and  in  the  nurse's  arms.  When  the  deformity  has 
persisted  for  any  length  of  time  and  is  at  all  well  marked, — when  the  muscle 
is  .shortened  one  inch  or  more  (\\niitman), — attempts  at  stretching,  either  by 
manipulation,  or  by  extension,  or  by  the  use  of  apparatus,  are  absolutely  use- 


FiG.  555. — A  Case  of  Torticollis 
Showing  Compensatory  (Primary  and 
Secondary)  Spinal  Cur\-atnres.  (From 
the  collection  of  Dr.  Reginald  Sayre.) 
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less,  and  resort  iinist  he  made  to  ()i>('rati\('  measures.  In  tlic  operative  treat- 
ment two  points  of  ini|ioilance  call  for  (•onsiderati(jn :  first,  to  rectify  the 
distortion,  l>y  cutting  or  by  manipulation;  second,  to  maintain  tlio  head  in  a 
suitable  jjosition  by  some  form  of  apparatus.  The  operations  reconunended  are : 
first,  subcutaneous  tenotomy;  second,  open  divisicjii  of  muscles  and  fascia,  and 
of  all  resisting  structures. 

SrncuTANEOus  Tenotomy. — This  operation  has  not  a  wide  range  of  appli- 
cability, and  should  be  reserved  for  those  cases  in  which  the  deformity  is  slight 


Fig.  .556 


Fig.  5.57 


Fig.  ,5.56. — Congenital  Ti>rticollis  with  Extr.a  Cervic.il  Rib.  Front  view.  (From  the  collection  of 
Dr.  Reginald  Sayre.) 

Fig.  5.57. — Congenital  Torticollis,  witli  Extra  Cervical  Rib.  ^'iew  from  behind.  (From  the  col- 
lection of  Dr.  Reginald  Sayre.) 


and  confined  chiefly  to  the  sternal  head  of  tlie  sterno-mastoid,  and  for  most  of 
those  occurring  in  girl.s — cases,  therefore,  in  which  a-sthetic  considerations  play 
an  important  part.  The  muscle  should  be  placed  on  the  stretch  and  the  teno- 
tome, entered  along  the  inner  side  of  the  sternal  head,  about  one  inch  above 
its  origin,  should  be  passed  beneath  the  muscle,  dividing  it  from  within  out- 
ward. Forcible  manipulation  may  succeed  in  correcting  any  remaining  slight 
contraction  of  the  sheath  or  fascia. 

The  Open  Operation. — In  nearly  every  case,  in  order  to  overcome  the  de- 
formity, it  is  necessary  to  divide  both  heads  of  the  sterno-mastoid  and  the  mus- 
cular sheath.  Other  muscles  may  be  involved  secondarily — e.g.,  the  trapezius, 
the  splenius,  etc. — l^ut,  as  a  rule,  these  yield  to  forcible  manipulation  after  the 
moi'e  resisting  structures  have  been  divided.     For  the  open  treatment  of  the 
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muscle  and  its  sheath,  various  incisions  liave  Ijccn  employed,  and  it  is  only  fair 
to  say  that  most  of  them  do  not  adequately  expose  the  parts.  Particularly  is 
this  true  of  the  vertical  incisions  vhich,  according  to  the  recommendations, 
should  be  made  midway  between  the  two  heads  in  the  line  of  the  mus- 
cle or  along  the  posterior  border.  Transverse  incisions,  on  the  other  hand, 
while  they  give  a  better  exposure,  are  liable  to  become  puckered,  particu- 
larly  if    the    muscle  division  is  made    in    the  same   plane  as  the  skin.     This 


Fig.  558. — Congenital  Torticollis.  (Author's  case.)  Open  division  of  sterno-mastoid  through  a 
curved  incision  over  the  clavi"le.  Muscle  division  was  made  at  a  high  level  by  retracting  the  upper 
etlge  of  the  incision.     No  puckering  of  the  skin  followed. 


can  be  overcome  liy  dividing  the  muscli'  on  a  liigiier  le\'el.  (See  Fig.  558.) 
Chiene  employs  a  cur\ed  incision,  which  starts  about  one-quarter  of  an 
inch  behind  the  anterior  border  of  the  muscle,  and  an  inch  and  a  half  above 
the  clavicle,  then  passes  Ijackward  and  downward  o\-er  the  anterior  third  of  the 
posterior  triangle,  and  finally  curves  downward  and  forward  over  the  clavicle 
to  a  point  about  opposite  the  centre  of  the  sterno-mastoid.  When  this  flap  is 
turned  forward,  the  whole  outer  aspect  of  tlie  muscle  and  both  borders  are  ex- 
posed. If  this  incision  is  objected  to  on  account  of  its  extent,  a  modification 
of  Kocher's  incision  for  thyroidectomy  is  recommended  by  the  same  author. 
An  effective  and  well-concealed  incision  is  one  placed  parallel  to  and  just  above 
the  clavicle.     That  the  skin  and  muscle  incisions  ma}'  not  be  superimposed,  the 
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skin  is  drawn  slifiiitly  upward  and  divided  by  cutiins  upon  tlie  clavide.  W  lien  llic 
skin  is  rek'ased,  the  position  of  tliis  ineision  is  transferred  to  a  still  lower  level. 
Througli  this  incision,  aided  by  retraction  of  the  upper  ed^e,  the  muscle  may  1)0 
adequately  bared.  After  the  muscle  has  been  exposed,  the  finger  or  a  grooved 
director  should  be  passed  beneath  it  from  posterior  to  anterior  border',  and  then 
the  entire  muscle  should  be  completely  divideil  either  transversely  or.  according 
to  Chiene,  obliquely  from  the  anterior  border  upward  and  backward.     \\'hen 


Parotideomasseteric  fascia' 

Fascia  paruudcumasselcrica 


Sternocleidomastoid  muscle 
M    sternocleidomasioideub 


Deep)  layer  of  the  deep  cervical  fascia 

Lamina  profunda  fascix-  colli 


Sternocleidomastoid  muscle 

M    stcrnocleidomasloidcus 

Trapezius  muscle 
Deep  layer  of  the  deep  cervical  lascla 

Laniiru  iTorund.-i  r..-Li.t  Catli 

Suparficial  layer  of 
the  pectoral  fascia  ~ 


Platysma  myoides. 
Plalysma 


Platysma  myoides 

Hatysnia 


Deep  layer  of  the  deep 
cervical  fascia 

Lamina  profunda 
fascJEe  colli 

Superficial  layer  of  the 
deep  cervical  fascia 


Anterior  region  of  the  neck 
Kegio  colli  anterior 


Deep  layer  of  the  deep 

cervical  fascia 

Lamina  profunda 

fascis:-  colli 


'  In  England,  the  portion  of  the  deep  cervical  fascia  coirering  the  parotid  gland  is  usually  distinguished' 
the  parotid  fascia ;  that  covering  the  masscter  muscle,  as  the  maisflctic  /as(i<i  —Tk. 

Fig.  559. — Dissection  of  the  Right  Side  of  the  Nock,  Showing  the  Deep  Cervical  Fascia  at  Sev- 
eral Points.      (FromToUlt's  "Atlas  of  Human  Anatomy."  London,  1904.) 


this  has  been  done,  the  neck  shoiikl  be  put  on  the  stretch  and  all  resisting  struct- 
ures; whether  muscular  or  fascial,  should  be  divided.  For  this  purpose,  it  may 
be  necessary  to  increase  the  length  of  the  incision.  The  deep  cervical  fascia  is 
particularly  liable  to  resist  attempts  at  readjustment,  and  it  is  sometimes  nec- 
essary even  to  divide  the  sheath  of  the  carotid  vessels,  a  distinctly  difficult  pro- 
cedure. (See  Figs.  559  and  560.)  Forcible  stretching,  both  by  lateral  bend- 
ing and  by  rotation,  should  be  kept  up  during  the  operation,  as  it  enables  one 
to  locate  the  resisting  structures  antl  sometimes  to  accomplish,  with  a  mere  nick 
of  the  knife,  divisions  that  would  otherwise  be  difficult. 
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Care  should  be  taken  to  avoid  wounding  tlie  external  and  internal  jugular 
veins.  The  former,  as  a  rule,  can  be  seen;  if  not  apparent,  it  may  be  made  so  Ijy 
pressing  backward  with  the  finger  above  the  clavicle  and  just  Ijehind  the  clavic- 
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Crico-thtrotd  muscle.  26. 

Inferior  constkictor  mcSCLE.  27. 

Pharynx.  28. 

Cricoid  cartilage.  29. 

Vocal  cord.  30. 

TaVRO-ARYTENOID  MpSCLE.  'M. 

Thyroid  cartilage.  3J. 

Glottis.  33. 

Layers  of  deep  cervical  fascia.  34. 

Sterno-hyoid  mdscle.  35. 

Omohyoid  muscle.  36. 

Sterno-thyroid  muscle.  37. 

Cervical  fascia.  38. 

Thyroid  body.  39. 

roininon  carotid  artery.  40. 

Descendens  hypo;;lossi  nerve.  41. 

Sterno-mastoid  muscle.  42. 

Internal  jugular  vein.  43. 

Pneuinogastric  nerve.  44. 

Sympatlietic  nerve,  45. 

Carotid  sheath.  46. 

Phrenic  nerve.  47. 

T.0N0U3  COLLI  muscle.  48. 

Rectus  capitis  anticds  major.  A9. 

Scalenus  anticus.  50, 


Vertebral  vein. 
Scalenus  medius. 
Posterior  triangle. 
Scalenus  posticus. 
Levator  anguli  scapul.e. 
Spinal  accessory  nerve. 
Splenius  colli. 
Transversalis  CREVICia. 
Track  elo-mastoid. 
Spinal  nerve. 
Vertebral  artery. 
Profunda  cervicis  vein. 
Profunda  cervicis  artery, 
multifidus  spin-c. 
Semispinalls  colli. 

COMPLEJiUS. 

Splenius  capitis. 
Trapezius. 
Ligainentuni  nuchae 
Spine  of  fourth  cervical  vertebra. 
Lamina  of  fifth  cervical  vertebra. 
Dura  mater. 
Spinal  cord. 
Transverse  process. 
Disc  between  fourth  and  fifth  cervical 
vertebra-. 


Fig.  560. — Transverse  Section  of  the  Neck  Between  the  Fourth  and  Fifth  Cervical  Vertebrae, 
Showing  tiie  Deep  Cervical  Fascia,  particularly  in  relation  to  the  sterno-mastoid  and  the  sheath  of  the 
vessels.      (Cunningham.) 


ular  origin  of  the  muscle.  The  deep  or  internal  jugular  is  separated  from  the 
muscle  by  the  deep  fascia,  and  with  reasonable  care  it  can  be  avoided.  "Wounds 
of  this  vessel  made  during  tenotomy  have  resulted  fatally.  Keetley  recom- 
mends, for  the  control  of  a  punctured  wound  of   the  internal  jugular,  a  com- 
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press  snakcil  in  hicliloride  solution,  hut  a  lateral  or  partial  lif!;ature  is  more 
reliable.  Bradford  and  Lovett  relate  a  ease  inwhiehthey  ligated  the  ves.sel  in 
its  eonlinuily  for  a  wound,  no  ill  results  following. 

The  muscle  has  also  been  divided  in  other  i)arts  of  its  course,  particularly 
near  its  mastoid  attachment  and  in  the  lower  third.  In  these  situations,  how- 
ever, the  muscle  is  thicker  and  the  wound  is  more  exposed — conditions  distinctly 
disadvantageous.  When  there  is  great  deformity,  particularly  when  there  is 
marked  involvement  of  the  posterior  muscles — i.e.,  posterior  torticollis, — it 
may  be  necessary  to  divide  these.  Division  can  be  j)erfornied  by  mak- 
ing   an  incision    backward  from  the   anterior  border  of   the  mastoid  process, 


Fig.  561. — Plaster  Helmet,  a  Retention   Dressing  for  Torticollis.      By  sawing  a  band  out  of  the 
plaster  around  the  neck  a  readjustment  may  be  made  in  the  relations  between  the  two  parts. 


at  such  a  level  that  it  will  be  concealed  by  the  hair,  care  being  taken 
to  avoid  the  facial  nerve.  Bradford  and  Lovett  regard  most  of  these 
muscles  as  too  deeply  placed  and  too  extensively  connected  for  tenotomy, 
and  content  themselves  by  dividing  the  trapezius  and  the  outer  bands 
of  the  anterior  scalenus;  they  overcome  the  remainder  by  force.  Through 
the  above  incision,  however,  it  is  possible  to  divide  without  danger  practically 
all  of  the  latei'al  and  [posterior  muscles  attached  to  the  occipital  bone — the 
trapezius,  splenius  capitis,  complexus,  and  the  trachelo-mastoid.  The  deepe,st 
of  these — the  anterior  and  lateral  recti — together  with  those  muscles  which 
are  not  attached  to  the  occipital  bone,  but  act  only  on  the  upper  segment  of  the 
spine,  may  then  be  overcome  by  manipulation. 
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Forcible  attempts  at  correction,  continued  throughout  the  operation,  enable 
one  to  decide  just  which  tissues  may  be  stretched  and  which  should  lie  cut. 

The  Mikulicz  operation  for  congenital  torticollis,  which  consists  of  a  partial  or 
complete  extirpation  of  the  sterno-mastoid,  has  been  warmly  advocated  lij-some, 
and  vigorously  condemned  by  others.  The  arguments  advanced  for  the  operation 
b}'  Hoffa,*  Stumme,t  and  others  are  a  complete  restoration  of  function,  and  the 
fact  that  usually  no  further  orthopedic  treatment  is  needed.  The  arguments 
against  the  operation  are  that  it  is  needlessly  radical  and  conspicuously  mutilating. 
Besides,  as  pointed  out  by  Lorcnz,  it  does  not  in  any  way  relieve  other  muscles  in- 
volved, either  those  which  act  on  the  heatl  and  protluce  the  caput  obstipitm  or 
those  which  are  attached  to  the  cervical  spine  and  produce  the  collum  obstipum. 

Maintenance  of  Reduction. — After  all  resisting  structures  have  been  divided 
the  head  should  be  placed  in  the  overcorrected  ])Osition  and  held  there  by  some 
form  of  apjmratus.  The  very  best  form  of  the  latter  is  the  plaster  helmet, 
(Fig.  561),  beneath  which  there  should  be  a  copious  supply  of  cotton,  par- 
ticularly around  the  neck.  The  helmet  will  have  to  be  removed  or  else 
it  will  be  necessary  to  open  a  window  in  it  over  the  incision  at  the  proper 
time  for  removing  the  stitches  and  dressing  the  wound.  After  the  latter  has 
healed,  the  helmet  may  be  left  on  for  from  four  to  eight  weeks  or  even  longer, 
depending  on  the  severity  of  the  original  deformity  and  the  success  which  has 
attended  the  operative  part  of  the  treatment.  During  this  period,  by  cutting 
a  ring  out  of  the  plaster  helmet  where  it  surrounds  the  neck,  further  correction 
of  the  deformity  may  be  made  from  time  to  time 
by  a  readjustment  in  the  relations  of  the  two  por- 
tions of  the  helmet.  Until  the  wound  has  com- 
pletely healed,  removable  plaster  splints  may  be 
employed.  These  are  applied  at  the  time  of  oper- 
ation, are  cut  off  as  soon  as  they  have  dried,  and 
being  reapplied  are  h"ld  in  position  by  bandages  or 
.adhesive  straps.  Chiene  states  that  in  mikl  cases 
it  is  only  necessary  to  place  the  patients  in  bed,  flat 
•on  the  back,  for  ten  days,  the  head  being  su]iport- 
ed  with  sand  bags.  In  severer  forms  he  recommends 
the  employment,  for  three  weeks,  of  extension  of  the 
head  by  means  of  a  weight  and  pulley  and  head- 
stall. It  is  doubtful  if  the  former  plan  is  as  com- 
fortaljle,  and  it  is  certainl}'  not  as  effective,  as  the 
helmet,  while  the  latter  (i.e.,  the  use  of  extension) 

cannot  compare  with  the  helmet  in  efficiency,  since  the  head  can  only  be  ex- 
tended in  a  straight  line,  and  overcorrection,  either  in  the  direction  of  rotation 
or  in  that  of  lateral  displacement,  is  not  possible.     To  overcome  the  latter  ob- 
♦Centralblatt  fur  Chirurgie,  27,  1900.  fZeit.  fur  orthopaedische  Chir.,  Bd.  ix.,  Heft  3. 


Fig.  562. — Sayre's  (Lewis  A.) 
.Apparatus  for  Use  in  Torticollis. 
Tills  is  applied  after  di\'isioii 
of  the  sterno-mastoid  muscle. 
(.\fter  Cheyne  and  Burghard.) 
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jectioii,  ;ui(i  wIutc  tlu-  helmet  is  found' 
cuml)rous,  Bradl'ord  iuid  Lovett  recom- 
mend .securing  the  i)atient  on  a  gas-pipe 
fi-ame  and  overcorrecting  each  of  the 
dcfoniiitics  l)y  hght  weights  and  pulleys, 
attached  to  the  proper  points  on  the 
])atient's  head  ]iy  means  of  adhesive 
plaster.  Another  point  in  favor  of  the 
helmet  is  that  its  use  tloes  not  confine 
the  patient  to  bed. 

If,  after  the  splint  has  been  removed, 
it  be  found  that  the  deformity  has  been 
overcome,  it  will  lie  necessary,  in  order 
to  prevent  its  return,  to  institute  sys- 
tematic exercise,  to  employ  ma.ssage, 
and  constantly  to  take  advantage  of 
posture.  By  means  of  passive  motion 
the  head  should,  at  least  once  each  day, 
be  overcorrected  to  the  limit,  and  in 
some  cases  it  mil  be  of  advantage  to- 
suspend  the  patient  by  means  of  the 
head-stall  and  tripod  used  in  the  appli- 
cation of  the  plaster  jacket. 
^Vllen  the  deformity  has  not  been  thoroughly  overcome,  the  use  of  the  plaster 

helmet  may  be  continued,  the  deformity  being  corrected  more  and  more  by 

sawing  the  upper  part  of  the  helmet  from  the  lower  and  changing  the  relation 

of  one  to  the  other,  as  already  described. 
Other   lighter    though   less  efficient 

forms  of  apparatus,  applicable  to  minor 

cases  without  operation    and    to  slight 

deformities   remaining   after  operation, 

are  the  following: — The  Sayre  appara- 
tus,  which   comprises    a  liand  around 

the  head,  another  around  the  chest,  the 

two  united  by  one  or  more  elastic  bands 

applied  at  the  points  of  greatest  advan- 
tage (Fig.  562);   the  jury  mast,  which 

may  be  supported  either  by  a  plaster 

jacket  or  by  posterior  padded  braces  held 

to  the  body  by  means  of  straps  (Fig.  563) ; 

and  the  apparatus  of  Buckminster  Brown      ^      ..„ ,      .  ,.,.,.. 

^  ■  I'IG.  564. — Apparatus  for  tlie   After-treatment 

(F'igS.  573,  574,  and  575),  which  consists  of  Torticollis.      (After  Tillmanns.) 


Fig.  563. — Sayre's  (Dr.  Reginald)  Retention 
Apparatus  for  Torticollis. 
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•of  a  suitalily  covered  wire  collar  around  the  neck,  a  jjlate  under  the  chin 
arranged  to  overcome  rotrtion,  and  a  pad  behind  the  ear  to  overcome  the 
lateral  inclination  of  the  head,  the  whole  being  attached  to  a  ring  which  rests 
on  the  shoulders  and  vvliich  is  connected  to  arms  that  pass  down  the  back 
and  ai'e  fastened  to  the  body  by  means  of  straps.  An  even  simpler  dressing 
is  that  of  Little,  which  consists  of  a  band  of  adhesive  plaster  })assed  around 
the  chest  and  another  passed  around  the  head,  the  two  lacing  imited  in  the 
way  which  best  overcomes  the  deformity  and  gives  tlie  firmest  support — as 
by  means  of  bandages  or  rubber  bands. 


ACQUIRED  TORTICOLLIS. 

Accjuired  torticollis,  as  already  stated,  is  an  affection  due  either  to 
an  injury  or  to  disease  of  some  of  the  structures  of  the  neck,  which 
produces  irritation  of  the  peripheral  nerves,  active  contraction  of  one 
or   more  of  the  muscles  of  the  neck,  and — as  a   result   of   such  contraction 


Fifi,  ,565. — Torticollis  Acquired  from  Inflamed  Cervical  Lymph  Nodes.      (.Outlier's  case.) 


— the  characteristic  deformity  or  some  variation  therefrom.  (Fig.  565.) 
It  is,  as  a  rule,  painful,  while  congenital  torticollis  is  painless — a  differ- 
ence due,  in  part  at  least,  to  the  fact  that  the  former  is  usually  obscr^•ed 
in  the  acute  stage,  the  latter  in  the  chronic.     Acquired  torticollis  may  Ix'  acute 
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or  chi-onic.  In  the  acute  form  the  causative  factors  are  active,  the  muscular 
contractions  are  tonic,  and  there  is  pain;  in  the  chronic  form  the  inflannnation, 
or  the  disturbance  caused  by  tlie  injury,  lius  sulisided,  the  irritation  of  the  nerves 
has  disappeared,  and  tlie  deformity  has  l)ecome  jjerinanent,  (hie  to  a  shortening 
of  the  muscles,  fascia',  or  some  of  tlie  other  structures  of  the  neck.  Acquired  torti- 
collis also  embraces  the  irregular  forms  (paralytic,  ocular,  psychical)  and  the  spas- 
modic variety,  but  the  latter  bears  little  resemblance  to  the  other  forms  and 
will,  therefore,  with  the  ii-re,!i;ular  forms,  I'eceive  separate  consideration. 

Etiology  of  Acute  Torticollis. — A  majority  of  the  cases  are  spastic  and  are 
produced  liy  infecti(«i  fdllowed  by  intiannnation  affecting  one  or  more  of  the 
structures  of  the  neck.  In  fifty-five  of  two  hundred  and  twelve  cases  (reported 
by  A\'liitiiian  fr(ini  the  Records  of  the  Hospital  for  Ruptured  an<l  Crijipled),  the 
cervical  lymph  nodes  were  su]>i)urating  or  enlarged.  Acc^nHng  to  Chiene  an 
ordinary  sei)tic  involvement  of  these  nodes  is  more  likely  to  cause  torticoUis 
than  a  tuberculous  invasion.  Infection  of  the  mucous  niemlirane  of  the  pharynx 
or  naso-pharynx,  such  as  occurs  in  the  cour.se  of  a  tonsillitis  or  a  pharyngitis, 
bears  often  an  etiological  relation  to  torticollis,  and  scarlet  fever,  diphtheria,  and 
measles  have  similar  relations  probably  because  of  their  local  effects  on  the 
same  membrane.  Other  inflammations  which  have  been  noted  as  causative  are 
cellulitis  of  the  ntck,  otitis,  mastoiditis,  and  parotitis. 

liijurij  (}f  the  neck,  whether  direct  or  indirect,  such  as  strains,  luematomata, 
etc.,  are  important  causative  factors;  they  jiroduce,  according  to  Whitman's 
table,  thirty-five  cases  out  of  two  hundred  and  twelve.  It  must  lie  oliserved 
that  the  vast  majority  of  such  injuries  recover  without  jiroducing  torticollis. 
Rarely,  a  tlislocation  of  the  uppei'  cervical  vertelira  may  cause  torticollis. 

Rheumatism  oj  the  muscle  following  ex])osure  to  cold — the  ordinary  stiff 
neck — produces  a  relatively  large  proportion  of  mild  acute  cases,  which  soon 
yield  to  treatment.    In  the.se  cases  the  action  on  the  muscle  is  probably  direct. 

Sometimes  the  affection  is  preceded  by  earache,  toothache,  neuralgia  of  the 
spinal  accessory,  brachial  plexus,  etc.  Such  a  secjuence  can  probably  be  ex- 
plained on  anatomical  grounds,  viz.,  by  the  nerve  communications  in  this  region. 
Constitutional  conditions  which  have  been  noted  as  causative  in  a  small  number 
of  cases  in  the  tables  referred  to,  are  syphilis,  vaccinia,  rachitis,  and  malaria. 
The  effects  of  the  first  two  are  jiroliably  local,  syphilis  producing  gmmnatous 
changes  in  the  muscle,  vaccinia  a  local  irritation  of  the  superficial  cervical  nerves; 
even  the  influence  of  rachitis  might  l)e  exjilained  on  local  grounds.  It  is  diffi- 
cult, however,  to  trace  the  relation.ship  of  malaria. 

Contracting  cicatrices,  such  as  follow  burns,  produce  torticollis  in  the  same 
way  as  contraction  of  fibi;ous  tissue  following  inflammation  or  injury  produces 
deformities  in  other  parts  of  the  body. 

Cervical  Pott's  disease  is  considered  by  some  authors  to  be  a  cause  of  torti- 
collis.    In  such  a  case  the  wry-neck  should  be  regarded  as  merely  a  symptom. 
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A  distortion  of  the  neck  somewhat  resembling  torticollis  may  be  compensatory 
following  a  primary  curve  in  the  dorsal  region. 

A  small  proportion  of  cases  occur  in  combination  with  chorea,  epilepsy, 
hysteria,  meningitis,  hemiplegia,  etc. 

In  many  cases,  it  must  be  rememberetl,  the  patients  arc  of  a  neurotic  tem- 
perament— a  predisposing  condition  which  explains  why  similar  causes,  oper- 
atmg  in  different  subjects,  produce  only  a  limited  number  of  cases  of  torti- 
collis. 

Other  forms  which  only  need  to  be  mentioned  are  the  "  voluntary-habit  tor- 
ticollis," which  is  physiological,  and  the  "occupation  torticollis,"  in  which  the 
patient   is   compelled    habitually    to   overuse   one 
sterno-mastoid,  disturbing  the  balance.     These  va- 
rieties are  akin  to  occuj^ation  spasm. 

Pathology. — The  pathology  of  the  acute  cases  is 
largely  the  pathology  of  the  underlying  cause. 
When  an  inflammation  involves  the  mi;scle,  its 
effect  is  in  a  measure  direct.  More  remote  causes 
produce  a  reflex  spasm  of  the  muscles  by  producing 
an  irritation  of  the  peripheral  nerves,  and  this  is 
particularly  so  in  cases  jiroduccd  b}'  irritation  of 
the  mucous  membrane.  In  the  chronic  stage,  the 
pathology  is  the  same  as  that  found  in  the  con- 
genital variety;  that  is,  there  is  a  shortening  of 
the  muscles  and  fascia  due  to  the  contracting  of 
the  fibrous  tissue  which  has  replaced  both  of  these 
structures. 

Symptomatology. — The  most  important  symp- 
tom of  a  typical  case  of  acute  torticollis  is  a 
distortion  of  the  neck  similar  to  that  i)ro- 
duced  in  congenital  torticollis  by  shortening  of 
the  sterno-mastoid  muscle.  In  the  acute  form, 
however,  there  is  likely  to  be  a  wider  involvement 
of  muscles  than  in  the  congenital.  To  be  con- 
sidered are:  The  number  and  groujjing  of  the 
muscles  involved,  the  varietj^  and  degree  of  the 
vmderl3'ing  inflammation  or  disease,  and  the  onset,  course,  and  duration  of 
the  affection. 

Deformity. — The  most  frequent  combination  of  muscles  is  the  sterno-mastoid 
with  the  trapezius  of  the  same  side,  the  latter  accentuating  the  deformity  pro- 
duced by  the  former.  Less  frec[uently  the  posterior  muscles  of  one  side  are 
involved  alone,  in  which  case  rotation  is  marked,  but  there  is  more  backward 
displacement  of  the  head.     Rarer  combinations  are,  bilateral    involvement  of 


Fig.  566. — A  Case  of  Retrocol- 
lis  Due  to  Low  Dorsal  Pott's 
Disease.  (Copied  from  a  photo- 
graph belonging  to  the  collection 
of  Dr.  Reginald  Sayre.) 
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Fig.  507. — Torticollis,  a  Symptom  of 
Tuberculous  Di.5case  of  the  Second 
Cerv'ical  Vertebra.  (From  the  collec- 
tion of  Dr.  Reginald  Sayre.) 


the  stemo-mastoids,  of  the  trapezii,  ov  of  liolli  juil(>i-ior  and  po.sterior  groups. 
Although  several  groups  may  b(^  involved,   u.sually  one  mu.scle,  or  one  group, 

is  affeoted  to  a  greater  degree  than  the  others. 
.Xccording  to  some,  the  small  muscles  acting 
diri'ctly  on  the  upper  portion  of  the  cei'\ical 
spine  may  tilt  the  head  forward  without  lo- 
talion.  and  witli  little  lateral  ilisplacement, 
llic  dcforiiiily  pioduced  resembling  tliat  found 
in  ccrxii-al  Pott's  disease. 

J'diii  is  a  constant  symptom.  It  varies 
in  intensity  for  obvious  reasons,  and  is  ag- 
gravated l)y  any  attempt  to  stretcli  the  mus- 
cles or  to  coi-rect  the  deformity.  The  ))atients 
are  irritable,  partly  as  a  result  of  the  discom- 
fort, and  partly  by  reason  of  the  underlying 
cause,  and  many  of  them  prefer  sleeping  in 
a  chair  to  attempting  the  almost  hopeless  task 
of  composing  themselves  comfortably  in  bed. 

The  onset  of  the  disease  may  l)e  gradual  or 
sudden;  its  duration  varies  largely  in  accord- 
ance with  the  cause.  In  mild  cases,  particularly  the  rheumatic,  or  in  those 
due  to  slight  injury,  the  duration  may  he  short.  In  the  severer  forms,  particu- 
larly those  dependent  on  inflammatory  processes, 
the  disease  lasts  for  weeks,  even  for  months,  and 
after  the  subsidence  of  the  pain  and  spasm  there 
remains  deformity  due  to  the  shoi'teiiing  of  mus- 
cles and  fascia.  Even  in  the  severe  forms  the 
course  of  the  disease  maj'  be  modified  by  appro- 
priate treatment. 

Diagnosis. — Here  the  diagnosis  is  based  on 
the  usually  sudden  onset,  the  deformity,  the  ap- 
parent spasm  of  muscle  or  muscles,  the  freetlom 
of  motion  in  all  directions  except  those  controlled 
by  the  affected  muscles,  and  the  presence  of  pain, 
which  is  increased  by  tension  and  lessened  by  re- 
laxation. The  condition  must  be  carefully  ditl'er- 
entiated  from  Pott's  disease,  which  is  character- 
ized by  a  slow  onset  pieceded  by  stiffness,  and  liy 
pain  which  is  lessened  by  extending  the  spine,  but  ^^^  ocs.-Biiaterai  Contraction 
is  increased  by  any  attempt  at  rotation,  by  jarring,     of  the  stemo-mastoids  and  Trapezii 

,  .",,111  1         T        T)    ii'         Muscles.      (From    Whitman's    "Or- 

or  by  pressmg  the  head  downward.     In   Pott  s     ^^^^^^.^  surgery,"  Lea  Bros.  & 
disease,  too,  the  distortion  is  not  typical,  and  there     Company,  Phiiadeipina,  i9oi.) 
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may  be  an  evident  deformity  and  tenderness  of  tlie  veitebne.  Rlieumatic  affec- 
tions of  the  atlo-axoid  joint,  or  an  arthritis  tkie  t(j  an  acute  infection,  may 
be  mistaiven  for  an  acute  torticohis,  and  the  differentiation  will  depend  on  the 
history  of  the  case  and  on  the  fact  iliat,  in  the  latter,  the  deformity  is  not  typi- 
cal, the  muscles  on  ail  sides  uniting  to  restrict  the  movements.  The  use  of  the 
a;-ray  will  be  found  most  valuable  in  diagnosis. 

A  case  of  acute  torticollis,  which  has  sub.sided  unob.served  into  the  chronic 
stage,  can  often  not  he  differentiated  from  the  congenital  foi-ni. 

Prognosis. — In  acute  torticollis  the  prognosis  depends  on  the  treatment  of  the 
underlying  cause.  For  example,  when  the  condition  is  due  to  suppurating  lymph 
nodes  it  will  disappear  with  proper  drainage  and  healing  of  these  structures; 


Fio.  569. 


Fig.  570. 


Fig.  569. — Bratz's  Retention  Splint  for  Torticollis ;    Posterior  ^'ie^v. 
Fig.  .570. — B.atz'.s  Retention  Splint  for  Torticollis;    Anterior  ^'ie\v. 

ordinary  stiff  neck  due  to  rheumatism  commonly  disappears  in  a  few  days; 
now  and  then  neglected  cases  due  to  muscular  inflanniiation — so-called  idio- 
pathic wry-neck — may  become  chronic. 

Treatment.  — In  the  ordinary  "stiff  neck"  tlie  most  effective  treatment  is 
rest,  with  the  application  of  liniments,  liot  fomentations,  etc.  For  the  purpose 
of  limiting  motion  a  collar  made  of  a  copious  supply  of  cotton  wound  around  the 
neck,  and  covered  witli  several  thicknesses  of  adhesive  plaster,  is  effective.  In- 
stead of  the  adhesive  plaster,  splints  of  moulded  felt  or  other  similar  material 
may  be  employed.  (Fig.  564.)  If  tlierc  is  a  rhiMunatic  element,  salicylates 
should  l;e  administered.  If  the  pain  is  severe,  particularly  in  ca.ses  apparently 
due  to  the  effects  of  cold,  a  Dover's  powtler  may  be  given,  and  some  form  of  local 
sedative  ma}'  be  applied. 
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Tn  cases  which  arc  chai-aclerizcd  hy  acute  spasms  (he  first  consideration  is 
to  i-eniove  the  cause.  If  there  are  sui^purating;  lymph  nodes,  these  siiould  he 
drahied:  if  tlie  nodes  are  the  seat  of  tiil)ercuiosis,  jjroper  liygienic  measures 
should  lie  adopted:  it  the  irritation  comes  from  the  pliai'vn.ucal  mucous  mem- 
l)rane,  pro|ier  measures  should  lie  taken  to  restore  this  to  a  normal  condition.  To 
relieve  i)ain  and  to  jjrevent  the  occurrence  of  deformity  or  to  arrest  its  increase 
if  it  is  already  present,  the  hciul  should  be  .sujiported  l)y  a  hehnci,  a  jury  ma,>t,  or 
some  form  of  collar.  After  the  acute  symptoms  hax-c  tli.sapjiearcd,  minoi'  de- 
grees of  deformity  may  lie  rehexcd  hy  manipulation,  hy  suitalile  su])))ort,  and 
hy  hj'gcnic  measures,  .\ftcr  the  deformity  has  become  i)ernianent — that  is, 
in  the  chronic  form  of  ac(iuired  torticollis — the  treatment  is  the  same  as  for  the 
congenital  variety. 


SPASMODIC   TORTKXOLLIS. 

Spasmodic  torticollis,  or  spasmodic  wry-neck,  is  a  form  of  convulsive  spasm 
of  one  or  more  of  the  muscles  that  move  the  head  upon  the  trunk.  Because 
it  is  fre(iuently  confined  to  the  sterno-mastoid  and  trapezius  muscles,  that  are 
chiefly  inner\'ated  by  the  eleventh  or  spinal  accessory  nerve,  it  is  often  referred 
to  as  "spinal  accessory  spasm."     Where  one  or  l)oth  of  the  muscles   mentioned 


Fig.  571. — Inferior  Surface  of  Occipital  ami  Temporal  Honew,  witli  tlie  Muscular  .\ttachnients. 

are  involved,  the  most  characteristic  symptom  is  a  sudden  rotation  of  the  face 
to  the  opposite  side — hence  the  name  "spasmodic  torticollis." 

Before  ]3roceeding  to  discu.ss  this  subject  I  think  it  will  be  of  use  to  give  a 
brief  review  of  the  anatomy  of  some  of  the  structures  concerned.  For  more 
complete  information  on  this  division  of  the  subject  the  reader  isreferreil  to 
the  text-books  on  anatomy. 

Anatomy. — All  of  the  ))ruvcle^  concerned  in  the  jiroduction   of  spasmodic 
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torticollis,  except  one — theinferiorolili(HK — arc  attached  to  the  inferior  surfaces 
of  tht'  oceipital  and  teniixiral  hones.  (Fig.  o7L)  For  convenience  it  is  pro- 
]iosed  to  describe  briefly  the  nioi-e  important  of  these  muscles,  the  inferior 
surfaces  of  the  occipital  antl  temporal  bones  being  taken  as  a  starting-point,  antl 
information  being  supplied  in  regard 
to  their  attaehment.s,  action,  and 
nerve   suppl}-. 

The  ster)io-deid<>-niaf:t()id  muscle 
is  attached  to  the  mastoid  process 
by  means  of  a  thick  tendon,  while 
a  thinner  part  constitutes  its  attach- 
ment to  the  outei-  half  of  tlie  su- 
perior curved  line  (if  the  oi'cipital 
bone.  Running  downward,  forwaid. 
and  inward,  it  is  attached  by  two 
heads — the  inner,  a  thick,  I'ounded 
fasciculus,  to  the  anterior  and  u|iper 
part  of  the  first  p'wco  of  the  ster- 
num: the  outer,  much  wider  as  a 
rule,  to  the  inner  third  of  the  clavicle. 
(Fig.  576.) 

The  (rnpeziii.^  inut<clc  arises  from 
the  inner  third  of  the  su]ierior  curved 
line  of  the  occijiital  bone,  the  ex- 
ternal occi]iital  protuberance,  the 
ligamentum  nucha',  the  spinous  jiroc- 
esses  of  the  seventh  cervical  and  all 
the  dorsal  vertebra-,  and  is  inserted 
into  the  outer  tliird  of  the  ])oste- 
rior  surface  of  the  cla^'lcle,  the  inner 
border  of  the  acromion  ]iroccss,  and  the  superior  bonier  of  the  spine  of  the  scap- 
ula. The  oeci])ital  and  U])]X'r  cervical  fibres,  which  run  ilownward,  forward, 
and  outward  for  insertion  int{j  the  chu'icle,  are  the  oidy  ones  wliich  need  to  be 
oonsidereij  lu're.  as  these  fibres  alone  can  have  much  influence  in  the  ]:)roduetion 
of  torticollis. 

The  splenius  Hn(.sc7(' arises  fiom  liu' lower  half  of  the  ligamentum  nuclue  and 
from  the  spinous  processes  of  the  last  cervical  and  the  iip])er  six  dorsal  vertebra. 
Running  u])ward  it  di\'ides  into  the  splciiiu.s  capitis  and  the  splenius  colli.  The 
former,  the  spleniu.s  capitis  (the  only  part  which  is  imjjortant  in  this  connection) 
is  inserted  into  the  mastoid  process  and  the  occipital  bone  beneath  the  sterno- 
mastoid. 

The  inirlield-iiiastiiid  muscle  aris(>s   fi'om  th(>  trans\'erse  i>rocesses  of  the  Ave 


Fig.  572. —  Spa.-sniodic  Torticollis,  One  Month 
after  Excision  of  tlie  Spinal  Accessory.  Tlie 
spasms  had  not  entirely  ceased,  after  the  wound 
had  healed,  but  were  controlled  sufficiently  to 
]>erniit  the  t.aking  of  a  [jhotograph.  A  few  fibres 
of  the  platysma  are  e\-ident  in  the  picture. 
(Author's  case.) 
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or  six  upper  dorsal,  and  from  the  articular  processes  of  the  three  or  four  lower 
cervical  vertebra'  and  is  inserted  into  the  mastoid  pi'ocess  beneath  the  splc- 
nius  capitis. 

The  rectus  rapids  posticus  major  nniscle  arises  from  the  si)inous  process  of 
the  axis,  and  is  inserted  into  the  outer  part  of  the  inferior  curved  line  of  the 
occipital  bone  and  the  surface  immediately  below  it. 

The  obliquus  capitis  inferior  nmficle,  as  already  mentioned,  is  not  attached 
to  the  base  of  the  skull.     It  aiises  from  the  spinous  jh-occss  of  the  axis  and  is 

inserted  into  the  transverse  j)rocess  of  the  atlas.  Keen 
believes  it  to  be  one  of  the  most  important  of  the  rota- 
tors because  of  its  favorable  leverage. 

The  other  muscles  are  the  following:  the  coyn- 
ple.rus,  attached  above  to  tlie  innermost  depression 
between  the  two  curved  lines  of  the  occipital  bone, 
below  to  the  articular  processes  of  the  lower  cervical 
and  the  transverse  processes  of  the  upper  dorsal ;  the 
rectus  capitis  posticus  minor,  which  lies  parallel  with 
and  internal  to  the  rectus  capitis  posticus  major,  and  Vs 
attached, above,  to  the  surface  of  the  skull  beneath  the 
inferior  curved  line  of  the  occipital  bone,  and  below 
to  the  posterior  arch  of  the  atlas;  the  superior  oblique, 
which  is  attached,  above,  to  the  occipital  bone,  l)e- 
tween  the  two  curved  lines  external  to  the  complexus, 
and  below  to  the  transverse  process  of  the  atlas;  the 
rectus  capitis  lateralis,  which  unites  the  jugular  process 
of  the  occipital  bone  \\ith  the  transverse  process  of 
the  atlas;  the  rectus  capitis  anticiis  major,  which  joins 
the  basilar  process  of  the  occipital  bone  to  the  ante- 
rior surfaces  of  the  transverse  processes  of  the  mitldle 
three  or  fovn-  cervical  vertebnr;  and  the  rectus  capitis  anticus  minor,  which 
connects  the  basilar  process  of  the  occipital  bone  with  the  anterior  surface 
of  the  lateral  mass  of  the  atlas. 

Action. — "  Flexion  and  extension  of  the  head  take  place  chiefly  at  the  occipito- 
atlantoid  articulation;  lateral  movement  and  rotation  at  the  atlanto-axial 
joint."  (Cunningham.)  The  actions  of  the  muscles  on  the  head  and  neck 
are  exceedingly  complex,  and  authorities  do  not  agree  as  to  all  points.  It  may 
facilitate  our  understanding  to  incjuire  w^hat  are  the  changes  in  position  producetl 
by  the  sterno-mastoid  when  this  alone  is  the  seat  of  spasm — the  most  freciuent 
form  of  spasmodic  torticollis, — and  then  to  group  the  muscles  in  accordance 
Willi  the  extent  to  which  they  promote  or  retard  each  phase  of  the  deformitj^ 
Sterno-7nastoid  7nuscles. — Authorities  are  not  agreed  as  to  the  action  of 
these    muscles    when   working    as  a    pair,  some    stating  that    thej-  extend, 


Fig.  573.  —  Buckminster 
Brown's  Splint  for  Control 
of  Torticollis. 
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others  that  they  flex,  the  head.  Tlie  view  of  the  writer  is  that  their 
action  will  ilepend  on  the  po.sition  of  the  head  when  these  muscles  begin 
to  act:  that  is,  that  after  the  head  has  been  carried  forward  beyond  a 
certain  ]>i)int  l\v  other  muscles — e.g.,  the  depressors  and  elevators  of  the 
hj'oid  lione — the  sterno-mastoitls  will  flex  the  head;  but  that,  if  the  action  of 
the  other  muscles  has  been  to  carry  the  head  backward  for  some  distance, 
the  sterno-ma.stoids  will  then  act  as  extensors.  When,  however,  one  muscle 
alone  is  acting,  it  is  practically  agreed  that  the  following  changes  in  position 
take  place:  (a)  The   ear  is   brought  down  to  the  shoulder,  oi',  more  correctly 


Fig.  574. 


Fig.  575. 


Fig.  574. — Buckmiuster  Brown's  Splint  .^ijplied;   Front  View. 
Fig.  575. — Buckminster  Brown's  Splint  -ijiplied ;   Posterior  View. 


speaking,  toward  the  clavicle,  of  the  same  side — lateral  bending;  (b)  the  face  is 
turned  to  the  opposite  side — rotation  ;  (c)  the  chin  is  elevated — extension  at 
the  occipito-atloid  joint;  (d)  the  whole  head  is  displaced  forward  and  the  neck  is- 
apparently  shortened — flexion  of  the  cervical  spine. 

Lateral  bending  will  be  strongly  assisted  by  the  upper  fibres  of  the  trapezius, 
liy  the  splenius  capitis,  by  the  trachelo-mastoid,  and,  to  a  lesser  and  varying 
degree,  by  all  the  other  muscles  of  the  same  side :  it  will  be  markedly  opposctl 
by  the  sterno-mastoid,  by  the  trapezius,  and  indeed  by  all  the  muscles  of  the  op- 
posite side. 

Rotation  will  be  increased  by  the  up])er  fibres  of  the  trapezius  of  the  same 
side,  and  bj'  the  po,sterior  rotators,  particularly  the  splenius  capitis,  the  rectus 
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Fig.  570. — Tlic  Triangles  of  the  Neck,  with  Ucfen-nci'    maiiilv  to  the  Spinal  Aecessory  Nerve. 

((_\innino;liani.) 


Fig.  577. — Variou.'!  Incisions  SEmployect  in  Operations  for  the  ReUef  of  Spasmodic 
TorticolUs.  A,  Horizontal  incision  of  Keen;  B,  vertical  incision  of  Noble  Smith;  CC, 
T-shaped  incision  suggested  by  Autiior. 
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capitis  posticus  inajoi-,  aiul  tiie  inferior  obli(|uc  of  the  opposite  side  :  it  will 
manifestly  be  antagonized  by  the  partners  of  the  muscles  mentioned,  i.e.,  the 
posterior  rotators  of  tlie  same  side. 

Elevation  of  the  chin — extension  at  the  occipito-atloid  joint — will  be  increased 
by  those  muscles  on  both  sides  which  are  attached  behind  the  line  of  the  fora- 
men magnum — that  is,  l)y  practically  all  the  muscles  e.xcept  the  two  anterior 
recti,  the  lateral  recti,  and  the  inferior  oblique. 

The  forirard  -projection  oj  the  head  (with  the  resulting  apparent  shortening  of 
the  neck)  is  largely  due  to  the  action  of  the  sterno-mastoids. 


Fig.  578. — From  a  Dissection  by  the  Autlior.     Tlic  trapezius  has  been  divided  in  sucli  a  manner  as 
to  expose  the  great  occipital  nerve  as  it  emerges  from  tlic  eomplexus  muscle. 


\'arious  muscles  participate  in  the  spasmodic  action,  the  most  frequent 
combinations  being  that  of  the  steriio-mastoid  of  one  side  with  the  tra- 
pezius of  the  same  side  and  the  posterior  rotators — \iz.,  the  splenius,  rectus 
capitis  posticus  major,  and  the  inferior  oblitiue — of  the  opposite  side. 

The  nerve  svppln  of  the  more  important  of  the.se  muscles  is  as  follows: 
The  sterno-mastoid  and  the  trapezius  are  chiefly  supplied  liy  the  spinal  acccs- 
.sory:  in  addition,  branches  from  the  anterior  divisions  of  the  second,  third, 
and  fourth  cervical  nerves  enter  these  muscles,  part  of  their  fibres  joining  the 
spinal  accessory,  part  going  directly  to  the  muscular  structure.  (The  origin 
of  the  spinal  accessory  is  well  known;  its  course  will  be  briefly  considered  under 
Operative  Treatment.) 
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Tho  ijo.sterior  imisclcs,  on  the  other  hand,  are  siip])lietl  l)y  the  posterior  primary 
divisions  of  the  eervieal  nerves.  fFi^^s.  .')7S,  .")7<»,  anil  r)S{).)  Tlic  first  of  these 
emerges  between  tlie  occi]iut  and  atlas  and  is  found  hcncatli  the  coniplexus  mu.s- 
cle  in  the  sulioecipital  trianjile,  wlieic  it  lies  below  the  vertebral  artery— that  is, 
between  the  artery  and  tlie  inferior  oblique  nmsele.  Tt  supplies  muscular  branches 
to  the  complexus,  the  rectus  capitis  posticus  major  and  minor,  and  the  superior 
and  inferior  oblique.  Oidinarily  the  postei'ioi'  primary  divisions  of  the  cervical 
nerves  divide  into  intniial,  cutaneous,  and  extci'ual  muscular  branches;  the  sub- 
occijiital    is   an  exception    to   the  rule,  as  it  gives  no  internal  or  cutaneous 


I'lc  570. —  From  a  Disj^fction  by  the  Author. .  The  trapezius,  splenius  capiti-s,  and  complexus  liave  been 
(U\-i(!ed  in  sut-li  a  manner  as  to  expose  tlie  inferior  oblique  muscle  and  the  great  occipital  nerve. 


branch.  The  posterior  jjrimary  branch  of  the  second  cervical  emerges  be- 
tween the  atlas  and  the  axis  and  is  then  directed  still  farther  backward 
between  the  inferior  oblicjue  and  the  semispinalis  colli.  Beneath  the  com- 
plexus it  gives  off  a  l:)ranch  to  the  inferior  oblique  and  then  divides  into  external 
and  internal  bi'anches.  The  external  twig  is  muscular,  being  distributed  to  the 
complexus,  while  the  internal,  much  the  larger  of  the  two,  is  distributed,  under 
the  name  of  the  great  occipital  nerve,  to  the  posterior  part  of  the  scalp.  This 
latter  nerve,  which  is  jjurely  cutaneous,  serves  as  the  guide  to  its  ownmuscular 
branches  and  to  the  neighboring  nerves,  above  and  below,  with  which  it  com- 
municates; it  forms  the  so-called  posterior  cervical  plexus.  The  third  nerve  (pos- 
terior primary  division)  is  much  smaller  and  gives  branches  chiefly  to  the  com- 
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l)lcxus,  splenius  capitis,  and  trachelo-r.iastoid  muscles.  The  posterior  primary 
divisions  of  the  lower  cervical  nerves  su])])ly  contiguous  muscles,  and  will  there- 
fore give  a  small  jiart  of  the  svi])ijly  to  llie  longer  of  the  posterior  muscles 
described.  The  lateral  ami  anterior  leeti  aie  su])plied  by  branches  from  the 
anterior  ]irimary  divisions  of  the  u])per  cer\-ical  nerves.  To  sum  up,  the  chief 
supply  of  the  sterno-mastoid  and  trai)ezius  is  the  spinal  accessory,  while  the 
posterior  muscles  derive  their  nerve  supply  from  the  posterior  primary  divisions 
of  the  upper  three  cervical  nerves.  Kxcision  of  these  seems  to  be  sufficient  to 
overcome  the  spasm;  and  while  tlic  nerve  >uiiply  that  remains  does  not  inter- 


Fici.  5S0. — From  a  Dissection    by  tlie  .\utlior,  Showing  tlie  Posterior  Primary  Divisions  of  the  Three 

Vjiper  Cervical  Nerves. 


fere  with  the  results  of  the  operation,  its  presence  may  help  to  explain  why  more 
extensive  paralyses  do  not  follow  and  why,  as  has  been  elsewhere  referred  to, 
the  posture  and  movements  of  the  heat!  are  not  interfered  with.  (According 
to  some  authors,  a  jjart  of  the  supply  of  the  upper  part  of  the  trapezius  is  also 
derived  from  the  posterior  primary  di\i.';ions  of  the  cervical  nerves.) 

Etiology. — Numerous  causes  have  been  adduced,  but  none  determined; 
indeed,  many  of  the  causes  assigned  are  so  vague  and  have  manifestly  so  little 
bearing  on  the  disease  as  to  be  of  small  \alue.  Gowers  states  that  the  affection 
is  more  conmion  among  women  than  among  men.  In  this  coimtry,  according 
to  Osier,  the  reverse  is  true.  According  to  AMiitman  the  affection  is  about  evenly 
divided  among  the  sexes.    It  is  a  disease  of  adult  life,  as  shown  by  the  report 
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of  thirty-two  cases  puhlishcd  l)v  Richardson  ami  \\'alt(in  {Ani.Join-n.  Med.  Sc, 
Vol.  CIX.,  page  27,  IS!).")).  These  cases  were  distriljiited  aiiioiif;  the  various 
decades  thus  :  Imohi  10  to  20  years,  two  cases;  I'roiii  20  to  oO  years,  .six  cases; 
from  30  to  40  years,  fifteen  cases;  from  40  to  .W  years,  three  cases;  and  50  to 
60  years,  three  cases.  Tlie  (hscase  is  said  to  attack  tho.se  of  ni'urotic  taint,  or 
the  .subjects  of  migraine,  neurasthenia,  and  psychoses.  It  also  follows  exposure 
to  cold,  otitis  media,  malaria,  attacks  of  rheumatism  in  the  muscles  of  the  neck, 
and  injuiies  to  these  nuiscles  or  to  the  head.  In  many  cases  defects  of  vision — 
myopia,  hypermetropia,  or  insufhciency  of  the  ocular  muscles  (see  special  forms) 
— have  been  assigned  to  a  place  in  the  etiology.  Starr,  however,  does  not  deem 
these  sufficient  to  originate  the  disease,  and  Richard.son  and  ^^'alton  found 
that  the  relief  of  these  defects  did  not  cure  the  deformity.  According  to  cer- 
tain writers,  cerebral  palsies  stand  in  a  causal  relation  to  a  small  number  of 
cases  in  which  neck  defoi'mities  are  as.sociated  with  movements  of  eye  or  arm. 
It  must  be  very  rare  indeed  that  the  brain  lesion,  in  a  cerebral  palsy,  is  limited 
to  such  an  area  of  the  cortex  as  to  give  a  typical  case  of  spasmodic  torticollis. 
In  a  certain  number  of  cases  the  affection  appears  to  be  due  to  overaction  of  the 
muscles  ami  therefore  related  to  craft-spasm.  Chiene  (".Mlbut's  Sy.stem,"  Vol. 
S,  page  27)  relates  a  case  of  his  own  that  occurred  in  a  tailor  who,  "when  he 
drew  a  stitch  tui'ned  his  liead  to  the  right  by  action  of  the  left  sterno-cleido- 
mastoid.  This  muscle  became  involved  in  sjjasm  and  at  the  same  time  .some  of 
the  small  muscles  of  the  hand  were  implicatetl  to  such  an  extent  that  the  disease 
would  have  been  called  one  of  craft-palsy  had  there  been  no  torticollis."  He 
also  relates  a  case  of  Annamlale's  which  resembled  ci'aft-])alsy.  In  one  of  the 
writer's  cases,  that  of  an  umbrella  maker,  the  patient's  work  necessitated  turn- 
ning  his  heatl  constantly  to  the  left,  and  the  muscles  on  the  right  were  involved 
in  spasm  (Fig.  572). 

Pathology. — The  pathology  of  this  disease  is  not  understood.  It  is  agreed 
that  it  is  not  ])rimarily  a  muscular,  but  a  nervous  disease,  although  no  lesion  has 
been  demonstratetl  in  the  tissue.  When  it  is  remembered  how  inextricably  the 
nerve  tissue  is  associated  with  the  othei'  tissues,  the  difficulty  of  decitling 
whether  an  initial  lesion  is  located  in  the  neurons  or  the  allied  cells  will  be  readily 
conceded.  If  it  be  assumed,  however,  that  the  disease  is  |)rimarily  nervous,  the 
questions  which  present  themselves  are;  (1)  ^^'hat  is  the  nature  of  the  lesion? 
(2)  Where  in  the  nervous  circuit — sensory  nerves,  motor  nerves,  spinal  reflex 
centres,  or  cortical  centi'cs — is  it  located?  To  these  (juestions  satisfactory  an- 
swers cannot  now  be  given. 

In  some  cases  the  disease  appears  to  be  reflex,  due  to  irritation  ot  the  sensory 
nerves  of  the  neck,  and  is  preceded  by  neuralgia;  in  others  the  irritant  is  fatigue, 
a  result  of  voluntary  overaction,  antl  dependent  upon  a  constrained  attitude 
assumed  because  of  the  patient's  occupation  or  following  some  defect  in  vision. 
Starr  believes  that  the  location  of  the  li'sion  is  almost  entirelv  cortical,  the 
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irritant  acting  on  those  cortical  centres  which  control  the  movements  of  the  head. 
He  locates  the  resulting  functional  ilisturbance  in  the  entire  nervous  mechanism 
concerned  in  movingthe  head :  "  motorand  sensory  elements  being  equally  affected 
and  thrinvii  into  a  state  of  hy])ersensitivei>ess,  whereby  slight  sensations  proiluce 
undue  movements." 

C'hiene  suggests  that  the  affection  may  begin  in  the  deep  origin  of  the  spinal 
accessory  and  overflow  through  lines  of  lessened  resistance  to  the  adjacent  nerve 
centres,  and  in  favor  of  this  belief  he  cites  the  following  facts: — that  when, 
in  faradization  of  the  cortex,  electrodes  aic  ]ilaced  near  together,  limited  .spasm 
is  produced:  and  that  when  tiiis  is  repeated  se\'eral  times,  or  when  the  current 
is  increasetl  in  strength,  the  spasm  extentls  to  other  muscles  and  may  ultimately 
affect  all  of  one  or  of  both  sides.  The  fact  that,  when  effort  is  made — for  ex- 
ample, in  some  action  that  re(|uires  force  and  at  the  same  time  delicate  ad- 
justment— the  discharge  of  the  cerebral  cortex  normally  spreads  to  contiguous 
centres,  must  not  be  forgotten  in  this  connection.  This  hypothesis  of  a  cortical 
origin  receives  some  support  from  the  following  facts  cited  by  Starr:  (1)  Move- 
ments, in  these  spasms,  are  similar  to  those  producetl  by  volition.  For  exam- 
ple, the  eyes  ai'e  turned  toward  the  side  to  which  the  face  is  rotated,  and  the  eye- 
brows are  elevatetl:  or,  when  the  arm  is  invoh'ed,  the  motions  are  such  as  would 
be  ])roduced  in  a  normal  indi\"idual  striving  to  move  the  head  in  a  position  of  ex- 
treme rotation.  Unfortunately,  these  arguments  are  weakened  by  the  difficulty 
of  precisely  sejiarating  the  \-oluntai'y  and  involuntary  factors.  (2)  In  many  cases 
nniscles  on  opposite  sitles  of  the  body,  that  are  supplied  by  various  nerves, 
combine  to  produce  the  movement.  Particularly  is  this  the  case  when  the 
sterno-mastoid  and  trapezius  of  one  side  are  assisted  by  the  posterior  rotators 
of  the  opposite  side.  In  our  i)resent  knowledge  such  combinations  could  be 
effected  only  through  the  cortex. 

With  i-efercnee  to  the  mental  or  neurotic  origin  of  the  disease,  Kollarets 
iPerosi  Hctila.  Nos.  21,  22, 1905)  believes  that  eveiy  case  of  spasmodic  torticol- 
lis is  of  niei.ital  origin  and  a  side  phenomenon  of  hysteria,  which  may  exhibit  no 
other  symptom,  and  in  proof  of  this  he  cites  three  cases  in  all  of  which  there  was 
a  faulty  heredity.  In  the  first,  a  tumor  of  the  head:  in  the  secoml,  a  ])ara'S- 
thesia  of  the  neck:  and  in  the  third,  a  trauma  of  the  same  region  called  the 
attention  of  the  already  hypochondriacalpatTent'to- the- region  of  the  neck. 
Meigc  and  Feindel  {Arcliire.t  generales  dc  Mri!.,  1902)  conclude  that  any  num- 
ber of  sj)astic  states  modified  by  tics,  cramjjs,  chorea,  myotonia,  etc.,  may  de- 
\-elop  on  the  same  neuropathic  soil  which  has  given  rise  to  mental  wry-neck, 
and  that  the  latter  is  only  a  motor  emanati(Hi  from  this  psychopathic  i^asis. 

Becau.se  of  its  bearing  on  the  resemblance  between  certain  eases  of  spasmodic 
torticollis — due  to  overaction  of  certain  nuiscles — and  cases  of  craft-palsy,  it 
seems  permissible  to  mention  Destarae's  oijinion*  tl»at  torticollis  depends  on  a 

*  Annalos  dt-  Med.  et  do  f'hir.,   1902. 
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disturbance  of  muscular  tone,  a  lack  of  iniiscular  lialancc.  'riic  relaxation  of 
spasm  which  follows,  in  some  of  these  cases,  the  support  given  to  tlir  head  by  even 
one  finger  of  the  patient  is  explained  by  this  authoi'ity  in  accordance  with 
Shei-rington's  law,  viz.,  that  stimulation  of  a  voluntary  muscle  pi'oduces  relaxa- 
tion in  tlie  antagonist  muscle.  Other  ])oints  of  resembhmce  lie  in  llie  fact  that 
certain  cases  of  s|)asmo(hc  wry-neck  are  caused  or  increa.^ed  by  mental  ex- 
citement or  grief,  and  that  the  spasm  is  often  jjrovoked  by  the  consciousness 
of  being  observed.  For  cases  such  as  these  no  sufficient  pathological  basis 
has  been  established.  Tn  this  comiection,  howevei',  it  is  interesting  to  recall 
to  mind  the  icHections  of  Poore.*  who,  descril)ing  craft-palsies,  points 
out  how  consciousness,  may  interfere  with  and  spoil  certain  complex  auto- 
matic acts. 

These  theories  and  ojjinions,  while  they  ))ro\-e  nothing  conclusive  as  to  the 
pathology  of  the  disease,  .suggest  very  strongly,  in  the  majoi'ity  of  instances  at 
least,  that  not  only  arc  the  kina>sthetic  areas  of  the  cortex  involved,  but  that 
higher  or  controlling  centres  are  also  implicated;  and  that,  when  the  spasms 
are  terminatetl  by  the  support  of  a  finger,  it  is  through  the  ojieration  of  Sherring- 
ton's law,  or  because  control  is  better  exercised  through  unusual  lines  of  asso- 
ciation, or  liecause  consciousness,  for  the  time  being,  has  been  removed  from 
the  erring  centres. 

Keetley,  on  the  other  hand,  believes  that  traumatism,  middle-ear  disease  (by 
producing  a  chronic  meningitis),  and  expo.sure  to  cold  and  wet  and  to  mala- 
rious influences  are  more  than  likely  to  be  the  true  causes  of  the  afi'ection. 

Symptoms. — The  most  important  and  distinctive  symptom,  jmrticularly 
in  the  early  tyj^ical  cases,  is  a  more  or  less  sudden  spasm  in  cither  the  sterno- 
mastoid  or  the  trapezius,  or  in  both — a  spasm  which  jerks  the  head  to  one  side, 
while  at  the  .same  time  it  turns  the  face  to  the  opposite  side.  Following  the 
spasm  there  is  an  interval  of  relaxation,  during  which  the  head  is  voluntarily 
returned  to  the  normal  position.  The  sjiasms  ■s'ary  as  to  their  frecjuency, 
duration,  and  .severity,  and  al.so  as  to  the  particular  muscles,  or  groujis  of  muscles, 
which  ai-e  involvetl;  and  while  these  variations  may  be  observed,  not  only  in 
different  cases,  but  at  different  stages  of  a  given  case,  the  distinctive  features 
remain  the  same. 

This  alternate  spasm  and  relaxation  may  occur  as  often  as  eight  or  ten  times 
to  the  minute,  or  the  spasm  may  occur  more  slowly  and  last  longer.  (Starr.) 
During  the  earlier  stages,  when  the  symptoms  are  likely  to  be  less  severe,  the 
contraction  nray  be  feeble  and  partially  controllable  by  voluntary  effort  or  by 
slight  artificial  support,  and  the  intervals  between  the  s]:)asms  are  long.  Later, 
the  spasms  increase  in  frequency  and  duration  and  become  uncontrollable. 
Finally,  in  the  more  severe  cases,  the  clonic  contractions  become  tonic,  the  head 
is  held  [lermanently  in  the  faulty  position,  and,  while  occasional  relaxations 
*Allbut's  System,  1901;  vol.  viii.,  p.  6. 
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may  occur,  a  complete  return  to  normal  is  not  possible,  because  the  muscles 
have  become  more  or  less  short  end  I. 

The  spasm  may  be  increased  by  nervous  excitement,  liy  voluntary  effort,  even 
talking,  particularly  by  efforts  directed  to  the  control  of  head,  movements,  and, 
in  the  later  stages,  l)y  any  force  employed  for  their  control;  it  relaxes  during 
sleep,  except  in  very  prolonged  and  severe  cases,  and  often  as  a  result  of  pressure, 
even  very  slight,  applied  to  some  point  of  the  head  or  face.  In  a  case  of  the 
author's  the  slightest  pressure  of  the  tip  of  the  patient's  index  finger  applied 
to  the  point  of  the  chin  served  to  bring  a  severe  spasm  imder  control. 

Pain  is  not  a  necessary  sj-mptom  of  this  disease.  Occasionally  there  is  a 
soreness  or  stiffness  of  the  overacting  muscles.  Sometimes  the  condition  is 
acutely  jiainful,  the  jiain  being  cramp-like  in  charactei',  and  perhaps  referred  to 
the  great  occipital  nerve  or  running  down  the  arm.  Soreness  and  stiffness  of 
the  neck  nuiscles,  accompanied  by  slight  twitching  of  these  muscles,  may  be  the 
very  earliest  symptoms  of  the  disease. 

As  the  muscles  involved  in  spasm  and  the  resulting  deformities  vary,  a 
knowledge  of  the  various  muscles  and  groups  of  muscles  will  help  very  nuich  to 
understand  the  complex  cases.  The  different  actions  of  the  muscles  having 
already  been  consitlered,  it  is  necessary  to  repeat  here  onh'  the  most  prominent 
of  these.  Usuallj-  the  spasm  begins  in  either  the  sterno-mastoid  or  the  trapezius, 
or  both  these  muscles  are  affected  simultaneously.  A\'hen  the  former  muscle  is 
involved,  the  head  is  drawn  downward  toward  the  shoukler  of  the  affected  side 
and  somewhat  forward,  the  chin  is  elevated,  and  the  face  is  turneil  to  the  opposite 
side.  Involvement  of  the  trapezius  produces  a  similardeformity,  the  rotation  and 
tension  becomingnmre  marked,  whilethe  forward  tlisplacement is  less  pronounced. 
When  both  nuisck's  are  involved,  all  elements  of  the  deformity  are  increased, 
except  the  forwartl  tlisi)lacement.  From  the  muscles  just  mentioned  the  spasm 
may  extend  to  the  muscles  of  the  opposite  side  of  the  neck,  particularly  to  the 
deep  rotators — the  si)lenius  cajjitis,  the  inferior  oblicjue,  and  the  rectus  capitis 
posticus  major.  When  this  occurs,  all  the  phases  of  the  deformity  are  increased, 
with  the  po.ssil)le  exception  of  the  lateral  bending.  Rarely,  corresponding 
nuiscles  on  opi)osite  sides  are  involved,  and  when  this  takes  place  the  character- 
istic rotation  is,  of  course,  absent.  Thus,  when  both  sterno-mastoids  are 
involved,  the  chin  is  depressed:  when  Ijoth  the  trapezii,  the  head  is  markedly 
drawn  l)ackward  (I'etrocollic  siiasm). 

Involvement  of  the  deep  rotators  on  the  side  of  the  affected  sterno-mastoid 
and  trapezius  woukl  serve  to  counteract  the  effect  of  the  latter.  In  a  long-con- 
tinued ease  the  muscles  of  the  face,  chest,  arm,  J'nd  back  may  become  involved. 

There  is  no  change  in  the  electrical  reaction  of  the  muscles.  Tiiev  become 
hypertrophied,  however,  from  constant  overaction  and  ultimately  tliminisli  in 
length,  producing  more  or  less  deformity.  Antagonist  nuiscles,  through  their 
constant  voluntary  efforts  to  control  the  movements,  also  become  hypertrophied, 
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and,  as  a  result,  the  cirriinirncncr  nf  ihc  neck  is  IVc(|iiciitly  greatly  inereased. 
S])in!il  purvatiire,  with  the  comcxity  Idward  the  sound  side,  often  develops  as  a 
I'esult  of  the  eontraetinn  and  sliortenhifi,  and  a  secoml  eonipensatoiy  curve  may 
and  sometimes  does  occur,  lower  down. 

The  course  of  the  (hsease  vai-ies.  Its  on.sct  is  usually  gradual,  the  spasms  in- 
creasing in  fre(|uency.  intensity,  and  duration.  Occasionally  the  attacks  diminish 
gradually  and  eventually  cease.  Recurrences  are  liable  to  take  place,  even  in  the 
mild  cases;  they  are  almost  certain  in  the  severe  ones,  and  may  continue  for 
the  remainder  (jf  the  patient's  life,  .'spontaneous  reco\'ery  is  I'ai'e.  'i'he  disease 
is  not.  attended  by  convulsions  oi-  cortical  epilepsy.  (Stan-.)  .\  fi-ei|uent 
complication  is  hysterical  agitation,  due  in  some  degree  perhaps  to  the  fact 
that  the  jiatients  are  neurotic. 

Diagnosis.  - 'I'he  ordinaiy  case  is  recognized  wilii  liUle  difficulty,  (iowers 
states  that  cases  occurring  in  women  imder  thirty  are  particularly  lial)le  to 
be  of  hysterical  origin.  In  such  cases  the  spasm  usually  extends  from  the 
neck  to  the  trunk,  and  the  diagnosis  is  confirmed  by  other  syni])toms  of  hysteria. 
Chiene  points  out  that  most  of  the  cures  efl'ected  without  a  resort  to  nevu'cctomy 
have  f)een  performed  in  females  under  thirty,  whii'li  fact  suggests  strongly,  ac- 
cording to  this  author,  their  probable  hysterical  origin.  To  decide  on  the  par- 
ticular muscle  involved  in  a  given  case  is  not  always  easj'.  In  this,  great  aid 
will  be  afforded  by  adding,  to  an  analysis  of  the  deformity,  inspection  and 
jialpation  of  the  muscles. 

Treatment. — The  treatment  of  spasmodic  torticollis  is  unsatisfactory,  because 
so  little  is  known  of  the  pathologj^  and  etiology  of  the  disease.  It  may  be 
divided  into  medicinal,  mechanical,  and  o])erative. 

Medic!\.\l  Tre.\tmext. — Most  writei-s  agree  that  treatment  In-  drugs  is 
nearh'  useless.  Osier  says  that  temjioraiy  relief  is  sometimes  obtained,  lint 
that  a  permanent  cure  is  excejitional.  Nevertheless,  in  the  early  and  less  severe 
cases  it  may  be  worth  while  trying  some  of  the  \-arious  nerve  tonics,  hypnotics, 
or  narcotics.  Of  these  a  suggestively  long  list  has  been  recommended,  among 
which  may  be  mentioned:  arsenic,  phenacetin,  (|uinine,  the  bromides,  chloral, 
assafcetida,  valerianate  of  zinc,  cannabis  indica,  tincture  of  Ijelladonna,  atropine, 
and  morphine.  Tincture  of  belladonna  in  physiological  tloses  is  praised  by 
Starr,  and,  according  to  the  same  author,  atropine  injected  into  the  affected 
muscles  has,  in  some  cases,  given  relief.  Morphine  should  lie  gi\-en  with  great 
caution  because  circumstances  arc  here  most  favorable  towai'd  accjuiring  the 
mor]5hine  habit.  Counter-irritation  by  cautery  or  bli.ster  is  lauded  by  some  and 
dismissed  as  useless  by  others — a  diversity  of  opinion  which  is  held  concerning 
most  of  the  remedies  mentioned. 

In  a  case  of  Dr.  Poore's,  ([uoted  by  ( "hiene,  the  patient  suffered  fi'om  a  marked 
form  of  torticollis,  had  suffered  eai-lier  from  ,sypliilis,  and  was  cured  of  the 
torticollis  by  mercury.    This  indicates  that,  in  all  cases,  means  should  be  directed 
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to   the  cure  of   any  sjieeitic  or  constitutional  att'ection.     Aiijiropriate  hyjiienic 
measures,  too,  should  always  be  adopted. 

Mechanicwl  Tkeat.mkxt. — Mechanical  treatment  emhraces  electricity,  nia.s- 
sage,  and  any  form  of  support.  The  use  of  electricity  is  empii'ical.  as  there  is 
probably  no  tliseasc  of  c-ither  muscle  or  nerve  on  the  affected  side.  Electricity 
applied  to  the  muscles  of  the  opposite  side,  in  the  hope  of  strengthening  them, 
is  also  useless,  as  the  disease  is  not  due  to  weakness  of  the  opposing  nniscles; 
and,  furthei',  not  even  the  strongest  ^•oluntal■y  I'onti'action  is  sufficient  to  over- 
come the  spasm.  (Starr.)  If  used,  as  it  may  be.  in  the  less  .severe  cases,  or 
as  a  preliminary  treatment,  it  should  be  ai)plied  in  the  form  of  galvanism  to  the 
affected,  in  that  of  faradism  to  the  sound,  side. 

M(iss(i(/e  is  reconnnended  onl}-  in  the  early  mild  cases.  Mcrliitntnd  siiiijiorts 
are  highly  connnended  l)y  some  writers,  and  they  may  be  devised  to  .suit  the  par- 
ticidar  case.  (See  Figs,  ofil  to  564;  also  Figs.  569,  570,  573,  574,  575.) 
Thus,  Cheyne  made  use  of  a  photographer's  head-i'est  attached  by  an 
iron  rod  to  a  poi'o]ilastic  band  ai'ound  the  chest.  The  head  was  not  fixed  to 
the  rest,  but  lh<'  latter  was  so  arranged  that  the  iiatient  could  bring  his 
head  against  the  rest  whenever  he  chose.  A  simple  form  consists  of  a  band 
around  the  head  and  another  around  the  chest,  the  two  being  connected  by 
means  of  I'igid  or  elastic  bands  at  whatever  points  desired.  An  even  simpler 
support  may  be  constructed  from  rubber  bands  attached  to  the  skin  by  ad- 
hesive pla.ster.  The  value  of  sui)port  is  Ijased  on  the  observation  that  many 
l)atients  can,  by  the  mei-est  ]iressure  of  the  finger  against  the  chin,  control  the 
.ipasms.  Chiene  believes  that  mechanical  supjMjrts  are  but  makeshifts,  and 
calls  attention  to  the  fact  that  none  is  evei- as  effective  as  the  patient's  finger. 
There  can  be  no  doubt,  however,  that  in  exceptional  cases,  particularly  in  the 
less  severe.  sup]jorts  are  capable  of  giving  a  great  deal  of  comfort. 

To  sum  uj),  it  may  be  stated  that  only  in  the  early  and  less  severe  forms 
can  much  be  hoped  for  fron.i  n;cdicinal  and  mechanical  treatment.  Even  here 
the  benefits  are  often  only  temporary.  Nevertheless,  in  these  cases,  as  in  all 
others,  any  source  of  mental  anxiet}'  should  be  removed  and  predisj)osing 
occupations  avoided,  and,  if  there  is  a  neurotic  element,  treatment  should  be 
directed  against  this.  .Massage,  combineil  with  caiefully  regulated  exercises  and 
sometimes  mechanic'il  support,  may,  in  the  niildci-  cases  referred  to,  be  of  some 
service:  in  the  seveie  forms  they  are  likely  to  be  wholly  unavailing.  Richardson 
and  Walton  state  that  it  is  their  practice  in  nearly  all  cases  to  reconnnend  mas- 
sage and  hygienic  measures  only  until  the  patient  is  reconciled  to  operation. 

Oper.\tive  TiiK.\T-M:;x'r. — Rejiorts  of  successful  cases,  in  recent  years,  have 
established  tlic  value  of  operative  measui-es  beyond  a  doui)t.  In  all  severe, 
well-marked  cases,  it  offers  the  only  hopi — in  many  it  effects  a  cui-e.  The  various 
o)jerations  recommended  at  different  tim(\s  ])y  cme  or  another  ojjei-ator  are  as 
follows : 
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(«)  Tenolomtj.  Tliis  oiicratidii  may  iic  <lihmis8e<l  witli  tin.'  brief  statement 
that,  once  re])air  lia.s  taken  place,  the  spasms  return. 

{h)  Nem-otoiiiij.  The  same  critieism  may  be  apiiUed  to  this.  Onee  the  ner\-e 
regenerates,  the  sjiasms  occui-.  .\s  a  matter  of  course  sueh  recurrenc<'  may  l)e, 
and  is  iisually,  longer  dekyed  tlian  when  tlic  muscle  is  cut,  and  for  obvious 
reasons. 

{(")  Neuirdo)!!;/.  Of  all  methods  this  alone  offers  the  most  reasonable  ho]:)e, 
and  only  in  very  recent  times  has  its  woitli  been  established. 

(d)  AhiHcIe  section  (Kocher's  operation). 

Most  authors  agree  that  the  Hrst  operation  to  be  undertaken  is  neu- 
rectomy of  the  eleA-enth  nerve — the  spinal  accessory.  This  nerve,  as  is 
well  known,  does  not  supply  all  of  the  sterno-mastoid  and  trapezius; 
branches  from  the  second,  thii-d,  and  finulli  cervical  going  to  both  of 
these  muscles:  and,  in  addition,  muscular  blanches  from  the  po.sterior  pri- 
mary divisions  of  the  cei'vical  ner\-es  are  supplied  to  the  trapezius.  The 
bulk  of  the  supp!}-  to  the  sterno-mastoid,  and  to  the  upper  fibres  of  the 
trapezius,  is  furnished,  however,  by  the  spinal  accessory.  As  a  matter  of  ob- 
servation, it  has  been  established  that  nem-ectomy  of  the  eleventh  appears  to  be 
effective  not  only  when  the  sterno-mastoid  and  trapezius  arc  involved,  but  also 
where  the  spasm  has  already  extended  to  other  muscles — for  example,  the  pos- 
terior rotators.  If,  after  neurectomy  of  the  e!e\-enth,  the  spasms  remain,  or  if, 
after  a  period  of  improvement,  they  return,  the  nerve  supply  of  the  posterior 
rotators — that  is,  the  posterior  jirimary  divisions  of  the  three  or  four  upper  cer- 
vical nerves — should  be  cut;  and,  in  the  event  of  contraction  of  the  muscles 
having  taken  place,  the  muscles  themselves  should  also  be  cut  across.  AMien, 
however,  there  is  evidence  of  extensive  and  well-marketl  involvement  of  the 
posterior  muscles,  proni{>t  interference  with  their  nerve  supply  is  justifiable,  and 
when  the  spasm  is  confined  to  these  muscles — retrocollic  spasm — it  may  be  the 
only  operation  reciuired. 

Operations  on  the  Trunk  of  the  Spinal  Accessory  Nerve  at  the  Point  where  it 
Emerges  from  the  Jugular  Foramen,  along  with  the  Pneumogastric.  (Fig.  576.) — 
The  spinal  portion  of  the  spinal  accessory  nerve,  the  only  part  that  concerns  us  here, 
lies  in  the  upper  jaart  of  the  neck,  between  the  internal  carotiti  artery  and  the  inter- 
nal jugular  vein.  After  it  leaves  these  it  runs  obliquely  downward  and  outward, 
usually  in  front,  or  occasionally  l)ehind,the  \-ein.  Descending  beneath  the  sterno- 
mastoid  for  nearly  an  inch,  it  enters  th(>  deeiJ  aspect  of  this  muscle  about  one 
inch  and  a  half  (sometimes  as  much  as  two  inches,  according  to  Gray)  below  the 
tip  of  the  mastoid  process.  Piercing  the  muscle  it  supplies  it  and,  emerging  from 
the  middle  of  its  posterior  border,  continues  across  the  posterior  triangle  of  the 
neck  and  is  finally  distributed  to  the  deep  aspect  of  the  trapezius.  In  the  sterno- 
mastoid  the  nerve  is  joined  by  branches  from  the  second,  in  the  posterior  triangle 
by  branches  from  the  thinl  and  fourth  cervical  ner\'es. 
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Guides. — The  linear  guide  i.-^  a  line  from  mithvay  between  the  angle  of  the 
jaw  and  the  tip  of  the  mastoid  proi'ess  to  the  middle  of  the  posterior  border 
of  the  sterno-mastoid,  thence,  continuing  in  the  same  direction,  across  the  po.ste- 
riortriangle.  The  deeper  guitles  are  the  posterior  hcllynf  the  digastric,  the  inter- 
nal jugular  vein,  ami  the  tran.sverse  process  of  the  atlas,  which  is  felt  midway 
between  the  tip  of  the  mastoid  and  the  angle  of  the  jaw. 

An  incision,  from  two  to  three  inches  in  length,  and  witii  its  centre 
about  opposite  the  angle  of  the  jaw,  should  be  made  along  the  anterior 
edge  of  the  sterno-cleido-mastoid  muscle,  as  the  nerve  usually  enters  the 
muscle  at  about  this  level.  The  edge  of  the  nniscle  is  first  exposed  and 
then  its  deep  aspect,  the  whole  muscle  being  turned  outward  so  as  to  expose 
the  dee]K>r  guides.  The  transverse  process  of  the  atlas  is  easily  exposed  and 
recognized.  In  front  (if  this,  running  downward  and  forward,  is  the  posterior 
belly  of  the  digastric.  Behind  the  digastric,  and  more  deeply  placed,  are  the 
great  vessels.  At  this  level  the  spinal  accessory  emerges  from  beneath  the 
digastric.  According  to  E.  Eliot,  Jr.  (Annals  of  Surgery,  May,  1895),  the  nerve 
has  the  following  relations  tn  the  transverse  process  of  the  atlas:  "Never 
above  it,  sometimes  directly  over  it,  usually  a  fraction  of  an  inch  in  front  of  its 
most  prominent  part."  From  this  point  to  its  entrance  into  the  belly  of  the 
muscle  the  nerve  may  be  isolated  with  safety  and  without  difficulty.  A  .segment, 
from  three-quarters  of  an  inch  to  an  inch  in  length,  shoukl  be  excised.  If 
the  nerve  is  not  reailily  found,  Richardson  suggests  drawing  the  finger  nail 
firmly  across  the  bottom  of  the  wound,  as  such  pressure  upon  the  nerve  causes 
the  muscles  to  contract.  This  nerve  is  frc([uently  exposed  during  (.lissections 
for  the  removal  of  the  deep  lymi>h  nodes,  and  it  may  always  be  identified  by 
slightly  irritating  the  nerve  by  forceps  or  the  handle  of  a  scalpel,  care  being 
taken  to  observe  accurately  the  first  contraction,  as  a  second  may  not  occur  for 
some  time.  If  the  sterno-mastoi^l  has  become  shortened,  it  may  be  divided,  as 
in  congenital  torticollis 

The  wound  is  closed  in  the  usual  manner.  After  the  operation,  spasm  ceases 
in  the  sterno-mastoid,  although  it  may  remain  in  other  muscles.  Often,  after 
the  lapse  of  a  few  days,  spasm  in  these  muscles  also  ceases.  Fixation  of  the  head 
is  not  necessary,  according  to  \Miitman,  who  also  advises  that  the  operation 
be  supplemented  by  massage  and  muscle  training.  Chicne  calls  attention  to  the 
paralysis  which  may  ensue,  but  states  that,  although  spasms  cease,  the  power 
of  the  muscles  is  soon  regained  through  their  cei'vical  nerve  supply.  This,  he 
adds,  may  be  hastened  by  the  employment  of  galvanism  and  massage. 

Following  this  operation,  spasm  may  continue  in  the  posterior  muscles  of  the 
same  or  the  opposite  side,  usually  the  latter,  or  spasm  may  spread  to  these 
muscles  for  the  first  time.  It  then  becomes  necessary  to  excise  the  posterior 
primary  divisions  of  the  thi-ee  or  four  upper  cervical  nerves.  The  dissection 
has  to  be  made  at  a  considerable  depth,  and  the  operation  is,  for  this  reason, 
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nitluT  ilifficult.  A  ffxiA  litiht  .•md  carcfnl  i-ccoiiiiition  of  tlic  structures  at  each 
step  are  nialtei's  of  iin|jiirtaiii'c.  TluTe  aiv  two  operations— Nol)le  Suiitli's  and 
Keen's.     (Fifis.  .")77,  'uS.  .")70,  and  oSO.) 

Sniilli  opcralcs  Ihiiniiili  a  \cilical  incision  wliicli  is  three  inches  lonj:  i  i''ig. 
577)  and  wliicii  runs  downward  IVoni  the  le\-el  ol'  the  external  occipital  protul)er- 
aiKT,  pai'allel  to  and  one  inch  from  the  s|)in()us  pr.)cesses.  In  his  first  reported 
ca.se,*  he  excised  a  piece  nf  i  he  external  division  of  the  second,  thii'd.  and  fouilh 
cer\ic;d  nerves.  Raisinji  the  splenius  he  cut  the  nerves  as  they  entered  the 
muscle;  he  did  not  molest  the  suboccipital  ner\-e.  althoufih  he  wished  to  do  so. 
The  result  was  jrood.  This  method  .Iocs  not  exjiose  either  nuiscles  or  nerves 
.sufficiently,  and  it  is  more  than  prohahle  that  the  suboccipital  nerve  would 
rarely  be  fouml  duriiiLi,  the   course  of  this  opei'ation. 

Keen's  operation  is  desci-ibed  by  the  author  in  substantially  the  followinjz; 
terms  { Annuls  af  Sunjcri/,  \'o\.  XIII..  ISOl,  i).4.")).    There  are  seven  distinct  steps. 

(  1 )  Make  a  transverse  incision  one-half  inch  below  the  level  of  the  lobule  of 
the  ear,  two  and  one-half  to  three  inches  long,  beginning  at  the  median  line 
or  slightly  beyond,     i  Fig.  577.) 

(2)   Divide  the  trapezius  transversely  in  the  line  of  the  skin  incision. 

(.'?)  Dissect  up  the  trapezius,  identify  the  great  occipital  as  it  emerges  from 
tile  complexus  about  half  an  inch  in  finm  the  median  line,  and  usually  about 
half  an  incii  below  the  incision. 

(4)  Divide  the  complexus  transversely  at  the  ]e\-el  of  the  nei've  by  repeated 
shallow  cuts.  Flxpose  the  ti-uiik  of  the  posterior  division  where  it  emerges  be- 
tween the  atlas  and  the  axis,  and  exsect  a  portion  (half  an  inch  or  more)  of  it 
before  it  divides.  (This  destroys  the  great  occipital:  but,  according  to  Keen, 
this  desti'uction  is  of  no  imjiortance.) 

(5)  Recognize  the  inferior  oblicjue  by  following  the  great  occipital  tow^ard  its 
point  of  emergence,  where  it  passes  below  the  lower  border  of  the  muscle. 

(())  Recognize  the  sulioccipital  triangle — the  inferior  ol^liciue  is  its  lower 
l)oundary;  the  nerve  lies  in  this  triangle,  close  to  the  occiput,  bnt  below  the 
vertebral  artery.  F'xsect  as  close  to  the  spine  as  possil^le,  taking  care  to  avoid  the 
artery. 

(7)  One  inch  lower  than  the  second  will  be  found  the  third  cervical  nerve, 
the  external  branch  of  which  should  be  excised  close  to  the  point  of  bifurcation. 

REM.\iiKS. — Th(>  muscles  (li\'ideil  may  be  united  if  desired;  in  case  they  are 
shortened  it  is  better  to  leave  them  without  suturing.  Drainage  may  be  pro- 
vided, but  the  wound  is  so  well  placetl  that  it  is  scarcely  necessary. 

It  will  be  noted  that  Smith  exciscil  the  external  branch  of  the  second,  third,  and 

fourth  cervical  nerves,  but  left  the  suboccipital ;  Keen,  on  the  other  hand,  excised 

the  first,  second,  and  third ;  and  the  resvdts  appeared  to  be  equally  good.    It  is,  of 

coui'se,  impossible  to  excise  all  of  the  nei-ves  entering  the  longer  of  the  jiosterior 

*  Reported  in  the  Boston  Medicul  .Jouiual,  vol.  i.,  1891,  p.  7.52. 
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licad  imisclcs.  as  that  would  involve  all  of  the  posterior  jminary  divisions  of  the 
cervical  and  of  the  upper  tlorsal  nerves.  Besides,  the  .same  rule  holds  j^ood  in 
the  posterior  as  in  the  anterioi-  nuiseles,  namely,  that  it  usually  suffices  to  de- 
sti-oy  till'  main  and  is  not  necessary  to  aholish  the  whole  nerve  supply.  It  would 
•seem  more  important,  however,  to  excise  tlie  suboccipital  than  the  fourth,  for 
the  reason  that  the  former  is  the  main  supply  of  the  inferior  obliciue  and 
rertus  cajjitus  posticus  major,  while  the  fourth  supplies  only  a  fractional  part 
of  the  longer  muscles — comi)lexus,  splenius,  etc.  Smith's  suggestion  as  to  lift- 
ing the  splenius  and  cutting  all  the  nerves  entering  into  its  under  surface  is 
valuable.  The  step  should  not  be  adopted  until  the  operation  in  other  re- 
spects has  been  made  as  complete  as  possiiile;  it  might  then  be  applied  to  all 
of  the  nuiseles  which  it  has  l)cen  necessary  to  raise  during  the  operation.  'I'liis 
procedure  alone,  howevei',  could  not  i)e  de]iended  upon  foi'  a  cure,  as  there  is 
great  likelihood  that  regeneration  of  the  divided  nerves  will  sooner  or  later  oc- 
cur. The  vessels  which  one  may  expect  to  encounter  are  the  vertebral  artery  in 
the  suboccipital  triangle,  and  branches  of  the  occipital  artery.  The  former  must 
be  carefully  avoided.  A  plexus  of  veins  in  the  areolar  tissue  around  the  \'erte- 
bra  may  give  trouble,  not  so  much  on  account  of  tlieir  size  as  Ix'cause  of  the  dif- 
ficulty of  securing  them. 

The  writer  believes  that  Keen's  operation  is  superior  to  Smith's,  but  would 
suggest  the  following  moiliHcations:  ia)  The  incision  should  be  T-shaped,  one 
limb  extending  ^•el•tically  along  the  nieiiian  line,  from  tlu-  occiput  to  the  lifth  or 
si.xth  cervical  vertebra,  while  the  other,  two  and  one-half  to  three  inches  in  length, 
is  placed  horizontally  about  one  inch  below  the  le\  ei  of  the  lobule  of  the  ear 
and  meets  the  median  incision.  (Fig.  577.)  This  gives  a  wider  exiwsure  and 
is  so  ])laced  that  when  the  trapezius,  after  it  has  licen  raised  liy  blimt  dissection, 
is  cut  in  the  line  of  the  horizontal  limb  of  the  incision,  there  is  no  danger  of 
wounding  the  great  occipital  nei've.  The  horizontal  incision  is  more  nearly  on 
thr  level  of  the  pf)int  of  emergence  of  this  wwyc  from  the  intervertebral  fora- 
mina than  it  is  on  that  of  its  exit  from  tln'  coniplexus. 

(//)  There  is  no  need  of  dividing  that  portion  of  the  complcxus  which  lies 
Ix'tween  the  exit  of  the  nerve  and  the  spinous  processes.  In  cutting  the  external 
portion  of  the  coniplexus  it  seems  lietter  to  cvit  first  the  sjilenius  transvers(>ly. 

(r)  The  least  occipital,  the  external  oi' cutaneous  Ijranch  of  the  iwsterior  pri- 
niai-y  di\'ision  of  the  third  cervical,  is  often  exposed  in  the  median  incision. 
No  attention  need  be  paitl  to  the  nerve,  but  in  case  it  a])]iears,  it  will,  when 
pulled  on,  serve  as  a  guide  to  the  third.  The  latter  lies  in  the  same  \'ertical 
plane  as  the  second,  the  thickness  of  one  vertebra — that  is,  about  three-iiuar- 
ters  of  an  inch — lower  down. 

Muscle  Operations. — Kochor  advises  excision,  complete  or  partial,  of  the 
sterno-mastoid,  conil)ined  with  section  of  the  posterior  muscles  where  these  are 
involved.     He  operates  on  the  latter  through  a  transverse  incision  similar  to  that 
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of  Keen.  When  the  posterior  muscles  of  hotli  sides  are  involved,  an  incision  is 
made  from  one  mastoid  process  lo  tlie  other.  'I'his  operation  is  more  san- 
guinary, but  of  simpler  teclini(|ue,  than  those  pciforiiicd  on  the  nerves. 

Results.— Kalmus  (  Heilr.  zurldln.  Cliir.,  \\>\.  X.W'I..  1900)  gives  the  following 
statistics: — In  6S  cases  of  resection  of  the  spinal  accessory,  23  were  cured,  "JO 
more  or  less  improved.  In  !•")  of  the  above  cases  there  was  performed  suiise- 
([uently  excision  of  the  posterior  cervical  branches,  10  cures  resulting.  IMentz 
(Deulsrhe  Zeilfichrifl  /.  ('Iiir..  \o\.  LXII.)  reports  12  cases  oi^erated  on  by 
Kocher's  method,  with  7  cui'es. 

The  majority  of  reports  strongly  fa\'or  neurectomy  as  opjiosed  to  muscle 
operations.  Attention,  however,  must  lie  called  to  the  fact  tliat  the  extensive 
muscular  sections  necessary  in  the  nei  ve  o])erations  may  be  an  important  factor 
in  the  success  of  the  latter.  Jf  this  be  time  it  adds  to  the  i-esources  of  the  oper- 
ator, who  can,  when  he  has  failed  to  locate  the  nerve,  at  lea.st  divide  the  muscle 
and,  lifting  it  up,  cut  all  the  nerves  entering  and  emerging  as  reconuiiended  by 
Smith. 

It  is  assuretl  by  all  authors  that  no  permanent  paralysis  results  from  these 
extensive  operations,  whethei-  upon  nerves  or  u])on  nmscles.  Chiene's  suggestion 
that,  in  the  most  obstinate  cases,  that  portion  of  the  cortex  which  jn-esides  over 
the  affected  muscles  should  be  excised,  has  jirobably  lost  much  of  its  importance 
since  the  introduction  of  Keen's  operation.  In  anj^  event  it  should  not  be  at- 
tempti'd  until  the  peripheral  motor  supi)ly  to  the  various  nuiscles  has,  as  far  as 
possii)le,  been  exeisetl. 

Prognosis. — Life  is  not  shortened  even  in  seveYe  cases,  as  the  disease  does  not 
sjiread  to  vital  parts.  Spontaneous  recovery  may  and  does  take  jjlace,  and  is 
most  likely  to  occur  in  young  patients  who  suffer  fi'om  mild  attacks  at  infre- 
([uent  intervals.  The  miM  forms  may  be  benefited  by  trt^atment :  l>oth  the 
mild  antl  the  severe  forms  may  be  cured,  or  at  least  benefited,  by  operation. 
The  outcome  should  be  predicted  with  great  care,  it  being  remembered  that 
the  gravity  is  increased  by  siuklen  onset,  severe  spasms,  Iw  wide  involvement 
of  muscles,  and  by  the  length  of  time  which  has  elapsed  since  the  disease  first 
manifested  itself.  Following  neurectomy,  spasm  may  develop  in  other  muscles, 
since  it  is  not  the  diseased  cerebral  nervous  organ,  but  only  the  jteripheral 
nerves  which  have  been  operated  upon.  (Kalmus.)  It  is  held  by  some  writers 
that  the  cases  reported  as  spontaneous  cm-es,  or  indeed  any  cures  that  have 
been  effected  with  operative  interference,  have  been,  in  part  at  least,  hysterical. 

IRREGULAR  FORMS  OF  TORTICOLLIS. 

Paralytic  Torticollis. — This  variety  may  lie  due:  (1)  To  paralysis  of  the  spinal 
accessory  nerves,  which  may  occur  as  a  result  of  anterior  poliomyelitis,  as  part 
of  a  jirogressive  muscular  atroiihy,  in  liulbar  paralysis,  or  as  the  se(|uence  of 
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compression   liy    nieiiingoal    exudates,    l)one    caries,   trauma,   or   rlieumatism. 

(2)  It  may  be  the  result  of  an  ari-ested  development  of  nuiscles  dependent 
upon  some  lesion  of  the  nerves  or  of  the  nerve  centres  (e.g.,  cerebral  apoplexies). 

(3)  It  may  follow  diphtheria. 

The  deformity  of  the  neck  in  nearly  all  of  these  cases  is  symptomatic  and 
apjiroaches  the  typical  only  when  there  is  paralysis  limited  to  one  or  several 
muscles  on  the  same  side,  a  condition  most  likely  to  follow  trauma,  rheumatism, 

local  exudates,  or  a  limited  degen- 
eration of  motor  nuclei.  In  jjrogres- 
sive  muscular  atrophy  the  paralysis  is 
apt  to  be  bilateral,  involving  the  tra- 
jK-zii  and  permitting  the  head  to  fall 
forward,  or  the  sterno-mastoid,  the 
head  falling  backward.  After  diph- 
theria the  trapezii  are  liable  to  lie 
implicated. 

The  diagnosis  is  based  on  a  i-ccog- 
nition  of  the  imderlying  diseaM'. 
^^'hen  the  muscles  of  only  one  side  are 
involved  there  is  a  limitation  of  rota- 
tion toward  the  other  side.  The  par- 
ticular nniscles  implicated  may  be 
discovered  by  inspection,  paralysis  of 
the  sterno-mastoid  and  trapezius  ap- 
jiearing  particularly  on  attempts  to 
shrug  the  shoulders. 

The  treatment  is  directed  against 
the  underlying  condition.  When  it  is 
due  to  a  central  lesion  little  can  be 
done.  In  all  cases  the  nutrition  and 
tone  of  the  muscles  should  be  pre- 
served and  improved  by  electricity 
and  massage. 
Golding  Bird  (Guy's  Hospital  Rc])orls,  1S90)  believed  that  when  facial  asym- 
mcti'v  complicated  torticollis  the  two  were  integral  jjarts  of  the  same  aft'ection, 
viz.,  a  central  lesion  closely  akin  to  anterior  poliomyelitis.  The  facts  that  asym- 
metr}'  occurs  with  the  ac(iuired  as  well  as  with  the  congenital  forms  of  toiti- 
collis,  that  it  improves  and  may  even  disappear  after  operation,  and,  finally, 
that  it  may  even  exist  without  tortico!lis,  render  this  opinion  untenable  in  all 
cases. 

Psychical  Torticollis.— Under  this  nameBrissaud  (rnion  medicale,  1894,  page 
l(il)  described  what  he  regarded  as  a  peculiar  form  of  rotary  tic  of  the  head 
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iuul  neck.  'I'liis  ;uitli<ir  ihiIciI  llial  tlicsc  cases  were  allied  to  epilejjsy,  neurasthe- 
nia, etc.,  am!  Iliat  llie  nidvenients  were  easily  controlled  by  the  jnx'ssure  made  by 
a  finfi<'i-  iipiiii  the  li<'ad  :  and  he  concluded  that  they  wei-e  due  to  a  local  paralysis 
of  the  will.  ()lliei-  writers  lia\e  u>ed  the  term  in  the  same  sense  or  have  sub- 
stituted therefor  the  term  iiicnidi,  while  still  othej's  employ  the  lattel'  in  the 
sense  that  it  shall  incliidi'  practically  all  cases  of  spasmodic  torticollis.  When 
it  is  considered  thai  tlie.ai'eat  majority  of  spasmodic  Cases  are  proliably  central 
in  origin,  that  tiny  are  often  caused  by  strong;  emotion,  friuiit  or  iiyui,  that  in 
most,  perhaps  all.  there  is  a  strong'  neurotic  taint  inlierited  or  aci]\iired,  and  that 
they  are  unconlrollahle  by  .any  exercise  of  the  will,  it  does  not  seem  permis- 
sible to  use  the  terms  tnciildl  and  jiKijchical  except  in  the  broadest  sense. 

Ocular  Torticollis. — This  \ariet\-,  according;  to  Bradford  and  Lovett,  may 
occiu'  when  there  is  a  difierence  in  the  planes  of  vision  of  the  eyes,  or  a  difference 
in  the  ]iower  of  the  two  eves.  ( iould  {American  Mi'dicine.  191)4,  \'ol.  \  II., 
page  513)  called  attention  to  the  fact  that  not  only  torticollis,  but  even 
a  secondary  compensatory  s]iinal  ciuxature,  might  result  from  certain  ocu- 
lar defects.  His  conclusions  are  as  follows  :  (1)  Habitual  abnormal 
]H)sition  of  the  head  is  fre(|uenlly  the  cau.se  of  si)inal  curvature.  (2) 
These  abnormal  jiositions  may  be  due  to  some  error  of  refraction  which 
necessitates  the  torticollis,  wry-neck,  cant,  or  dcijression  in  ortler  to  secure 
clearer  vision.  (.3)  Tlie  error  of  refi'action  is  usually  a  slight  asymmetry  of  the 
axes  of  astigmatism,  whereby  the  clearer-seeing  or  most-used  eye  (usually 
the  I'ight  in  right-handed  jK'rsons)  has  an  axis  10°  or  1.")°  to  either  side  of  !)l)° 
or  180°.  (4)  The  heterophoria  which  has  been  the  supposed  cause  of  the  func- 
tional torticollis,  etc.,  is  itself  usually  a  result  of  the  refractive  error,  proper 
correction  of  which  at  a  sufficiently  early  age  cures  the  heterophoria,  the  tor- 
ticollis, and  the  spinal  cm'vature.     (I'ig.  581.) 

Physiological  Torticollis. — A  variety  called  physiological  or  habit  torticollis 
has  been  described  and  is  attributed  to  the  habit  of  holding  the  head  awry,  the 
abnormal  ])osition  being  continued  until  the  deformity  has  become  permanent. 
It  is  probable,  however,  that  many  of  these  cases  are,  strictly  speaking,  ocular 
and  that  a  true  case  of  habit  toi'ticollis  is  veiy  rare. 

Torticollis  occurring  during  rachitis  or  in  connection  with  deformities  due 
to  basilar  or  cerebro-spinal  meningitis  are  purely  symptomatic.  ^Miitman 
jioints  out  that  a  slight  degree  of  deformity  of  the  neck  is  sometimes  seen  in  ill- 
nouri.shed  infants,  and  that  this  and  cervical  opisthotonos  may  Ix'  mistaken  for 
svmptoms  of  Pott's  disease. 


INFANTILE  PARALYSIS. 

(ANTERIOR    P()LI():\IYELITIS.) 
By  CHAUI.ES  F.   I'M  XT  EH.   M.I)..    HoMnn.   Maxsachmetts. 


Introduction. — In  infancy  and  eaily  childhood  an  inflaniniatory  affection 
of  tlie  anterior  horns  of  the  spinal  cord  causes  a  more  or  less  complete  paralysis 
of  some  of  the  muscles  of  the  body.  One  or  more  of  the  extremities  are  usu- 
ally attacked,  but  occasionally  the  ]>araly.sis  is  quite  geneially  distributed.  The 
majority  of  the  cases  occm-  during-  tiic  first  ten  j'ears  of  life;  at  later  ages  the 
disease  is  encountered  with  varyin<i-  (.legrees  of  frequency.  In  adult  life,  though 
a  rare  condition  as  compared  with  the  infantile  type  and  rather  more  difficult 
of  diagnosis,  still  it  is  by  no  means  unusual.  Much  importance  attaches  to 
its  recognition  because  of  the  value,  to  the  patient's  ultimate  functioning  ca- 
pacity, of  an  early  apjireciation  of  the  nature  of  his  loss  in  jjower. 

Most  of  the  instances  of  this  paralysis  are  sporadic,  but  it  does  occur  in 
epidemic  form:  and  during  the  past  ten  years  reports  of  a  large  number  of 
apparent  ei.iidemics  have  found  their  wa\-  into  the  literature,  some  of  them 
representing  a  considerable  number  of  ca.ses,  l)ut  the  majority  including  only 
very  small  grou]is. 

Study  of  this  cDudition  has  devolved  upon  two  special  branclu's  of  medi- 
cine, viz..  the  pediatric  anil  the  orthopedic.  The  acute  j)hase  of  the  di.sease 
is  hard  to  recognize  and  is  mistaken  for  many  different  conditions.  The  popu- 
lar name  so  often  given  it — "teething  paralysis" — indicates  one  of  the  most 
common  conditions  with  which  it  may  be  confounded;  and,  as  a  matter  of 
fact,  its  onset  is  often  coincident  with  the  eruption  of  a  tooth  during  the  first 
dentition.  The  arri\'al  of  a  tooth  is  accompanied  .sometimes  liy  (|uite  a  stormy 
set  of  S3'P.iptoms,  and  the  milder  tyiies  of  infantile  paralysis  are,  in  many  cases, 
of  no  greater  significance.  As  a  rule,  the  general  practitioner  or  the  pediatric 
specialist  is  the  one  who  sees  the  child  dui'ing  the  acute  onset  of  the  trouble, 
when  the  symptoms  are  sufficiently  severe  to  merit  the  calling  in  of  piofessional 
assistance.  Later  on,  when  the  loss  of  power  is  tletected.  a  neiwologist  is  com- 
monly brought  into  the  ca.se:  and  at  a  still  later  date,  when  contractures  .seem 
either  to  demand  division  or  treatment  by  means  of  apparatus,  the  orthoped- 
ist's aid  is  invoked.  So  it  can  l)e  seen  that,  among  the  disea.ses  which  are  of 
as  frequent  occuirence  as  anterior  jioliomyelitis,  there  is  scarcely  one  that 
touches  so  many  siiecial  lines  of  practice.     This,  as  the  writer  believes,  is  rather 

unfortunate,  foi'  division  of  responsiliilit}'  does  not  generally  tend  to  the  best 

sot' 
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results.  Tlio  iliagnosis  in  any  stage,  in  tiic  givat  niajoi'ity  of  cases,  should  l)e 
made  by  tlie  family  ]ihysician,  and  he  should  be  so  equipped  that  he  may  carry 
out  treatnieni  until  such  time  as  the  pui'cly  technical  (juestions  concerning 
apparatus  and  its  adjustment  arise.  Then,  if  tendon  transplantation,  tendon 
lengthening,  or  merely  tenotomy  is  lecjuired,  the  oitho])edist  can  be  brought 
in  for  the  solution  of  such  problems;  but  any  case  of  infantile  ])aralysis  will  do 
better  under  the  intelligent  supervision  of  one  observer  who  is  able  to  keep  in 
constant  touch  with  the  jiatient. 

Etiology. — The  causative  factors  which  enter  into  the  j)roduction  of  ante- 
rior poliomyelitis  are  very  difficult  to  determine.  The  sudden  onset,  the  fe- 
brile course  in  the  well-marked  cases,  and  the  general  reseml)lance  to  other 
infections,  seem  to  place  it  among  bacterial  diseases.  Up  to  tiie  present  time, 
however,  no  constant  bacteriologic  findings  have  characterized  the  few  autop- 
sies which  are  on  record,  and  lumbar  ])uncture,  from  which  procedure  it  was 
hoped  that  good  lesults  might  lie  obtained,  has  failed  to  show  any  specific 
organism  in  the  as])irated  spinal  fluid.  Different  bacteria  have  been  reported 
by  nearly  all  oliservei-s  who  ha\-e  ])ractised  this  method  of  diagnosis  in  infan- 
tile paralysis.  Yery  few  patients  die  from  this  disease,  and  therefore  there 
are  very  few  jjathological  reports  upon  which  to  base  conclusions.  The  epi- 
demic character  of  the  disease  in  some  instances  points  rather  strongly  to  an 
infectious  origin,  but  theie  is  no  evidence  that  it  is  transmissible  directly  fiom 
one  person  to  another.  In  an  epidemic  which  occurred  in  Gloucester,  Massa- 
chusetts, in  1900,  and  which  the  Writer  had  the  privilege  of  observing,  there 
were  two  cases  that  developed  in  the  same  house,  one  showing  signs  of  the 
disease  twenty-foui-  houis  before  his  cousin,  who  lived  on  the  floor  above  him, 
was  attacked.  Under  the  wi-iter's  observation  haA-e  come  two  brothers,  who 
developed  jiaralysis  witiiin  a  very  short  time  of  each  other.  The  infection, 
however,  in  these  epidemics,  seems  to  be  a  miasmatic  one,  to  use  an  old  and 
very  indefinite  term.  In  epidemics  as  large  as  that  which  occurred  in  Cherrj'- 
field,  Maine,  or  as  the  Gloucester  ejjidemic,  or  as  tlie  still  more  famous  one  in 
Vermont,  where  one  and  hundi-ed  thirt}^  cases  occurred,  it  is  necessary  to  assume 
that  some  infective  material  was  present  in  a  comjiaratively  restricted  area, 
and  that  it  found  appi'opriate  local  conditions  in  the  children  whom  it  attacked: 
otherwise  we  must  assume  that  all  these  patients  were  the  hosts  of  an  organism 
which  had  lain  dormant  until  the  climatic  conditions  necessary  for  its  develop- 
ment supervened.  It  is  difficult  to  believe  that  either  assumption  includes  the 
whole  truth.  What  few  bacteriological  obser\'ations  on  this  disease  are  in  our 
possession  indicate  that  several  different  organisms  may  be  responsible  for  the 
infection.  In  the  ejjidemic  forms,  at  any  rate — it  lieing  assumed  that  healthy 
individuals  are  acting  the  part  of  hosts — it  seems  unlikely  that  there  could  be 
as  great  a  variety  of  possible  organisms  as  the  number  of  cases  would  indicate. 
If  the  problem  be  viewed  from  this  point  it  will  appear  more  rational  to  assign 
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a  common  liactcriologic  factor  to  the  cpiclcmic  type  of  anterior  poliomyelitis. 
.\s  for  the  sporadic  ca.?es,  it  is  possible  that  one  of  several  organisms  may  play 
the  jiart  of  causative  factor,  although  it  seems  more  reasonable  to  suppose  that 
a  disease  whose  cHnico-pathological  manifestations,  both  in  tlie  ejiidemic  and 
in  the  sporadic  form,  show  such  uniformit}'  of  character,  must  lie  caused  by  a 
specific  bacterium  whose  identity  has  tiius  far  escaped  detection.  It  has  been 
sought  to  identify  the  develo]imeiit  of  infantile  lesions  with  the  exanthemata 
and  other  infections  of  infancy  and  childlidod,  but  no  consitlerable  numlier 
of  cases  of  anterior  poliomyelitis  have  been  .shown  to  be  so  related.  In  the 
case  of  Gloucester,  the  city  had  been  afflicted  with  an  epidemic  of  diphtheria 
only  three  or  four  years  befoie  that  in  which  the  epidemic  of  infantile  paraly- 
•sis  occurred.  While  the  im-estigation  (if  the  latter  e])ideinic  was  in  i)rogress, 
the  drainage  system  of  the  city  \\as  oxerhauled.  On  account  of  the  rockj' 
character  of  the  soil  at  Gloucestei'  it  has  been  impossible  to  la}-  .sewers,  and 
therefore  each  house,  excejit  in  a  few  scattered  localities,  has  its  own  ce.sspool. 
These  were  cleaned  out  all  over  the  city  at  the  time  of  the  di]ihtheria  panic,  so 
that  imperfect  drainage  could  scarcely  have  played  any  part  in  that  [particular 
epidemic  of  anterior  ]iolioniyelitis.  In  Ninth  .Adams,  however,  where  there 
was  a  small  epidemic,  it  has  Ix-en  shown  (hat  all  the  ca.ses  occurred  along  the 
borders  of  a  mill-stream  that  runs  thiough  the  centre  of  the  town.  If  "mia.s- 
matic"  influences  are  to  be  taken  into  account  in  considering  the  etiology  of 
this  di.sease,  it  is  difficult  to  understand  their  o]3eration  in  tlie  (tloucester  epi- 
demic. The  town  is  .situatetl  near  the  end  of  Cape  Ann  and  is  nearly  sur- 
rounded by  the  ocean,  a  tide  river  se]iarating  the  mainland  from  what  is  prac- 
tictdly  an  island  joined  to  this  mainland  by  a  causeway.  The  island  contains 
a  good  deal  of  high  ground,  there  is  very  little  swamp  or  marsh-land,  and  the 
Atlantic  winds  blow  across  it  almost  constantly.  And  yet  in  this  epidemic 
the  ca.ses  occurred  on  high  land  as  well  as  luw,  along  the  tide-water  river,  and 
in  houses  almost  overhanging  the  harbor  waters.  In  this  epidemic  the  sources 
of  food  su])|)ly  were  studied  carefull}-.  There  was  no  conspicuous  absence  of 
cases  on  the  milk  route  of  any  particular  dealer,  and  pro\isions  of  all  sorts  were 
so  A-ai-iously  purchased  that  no  possible  som'ce  of  infection  was  discoverable 
in  this  connection. 

It  has  been  noted  that  the  majority  of  the  ca.ses  of  infantile  paralysis  occur 
in  the  summer  months.  This  has  been  true  of  the  epidemics,  and  is  true  of  the 
sporadic  cases  as  well.  In  the  Gloucester  ejiidemic  the  cases  grouped  them- 
selves in  a  rather  striking  way  about  the  hot  jieriods.  \Mien  there  were  groups 
of  two  or  three  days  of  excessixcly  hot  weather  there  were  noted  on  the.se  days, 
almost  invariably,  more  cases  of  infantile  paralysis  than  on  the  cooler  days 
either  jjreceding  or  following  these  dates.  These  observations  could  not,  as 
nnist  necessarily  be  the  case,  partake  of  an  absolutely  accurate  character, 
because  the  parents  were  not  always  able  to  fix  the  date  of  the  onset  of  s3nnp- 
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tonis.  S(i  far  as  tciii|icral lire  has  any  iiiflui'iicc  iiiKHi  tlie  (Icvelojinu'nt  of  symp- 
tDius,  it  Wdiild  seem  In  lie  a  (■(iiitriliutory  faclnr.  Humidity  and  .suddtui  cliauges 
in  t('in|)(M-alurc  seem  In  liavc  an  cttcct  in  lowcrinji  local  resistance  and  in  stiniu- 
lalinj;  oi<ianisnis  already  williin  llic  liody  lo  pi-odiicc  tlicii-  s]X'cific'  tissiio 
changes.  In  several  of  I  he  re|)orts  given  by  the  parents  of  the  Gloucester  chil- 
dren, attention  was  called  to  the  fact  that  there  liad  been  a  sudden  drop  in 
t(Mni)erature  on  the  day  upon  which  the  children  were  seized  with  acute  symj)- 
loiiis.  Three  cases  were  noted  in  children  who  attended  a  picnic  one  very  hot 
day.  During  the  afternoon  a  severe  shower  came  lip  and  the  mercury  fell 
thirty  ilegrees  in  a  little  over  an  hour.  Within  the  next  thirty-six  hours  all 
three  of  the  children  .showed  well-developed  .signs  of  infantile  paralysis.  In 
one  ca.se  a  prolonged  stay  in  the  water  on  a  hot  sununer  day  seems  to  have 
been  the  exciting  cau.se  for  the  foealization  of  the  specihe  process.  Wv  see  a 
very  similar  condition  of  affairs  in  osteomyelitis.  Frecjuently  the  history  of 
these  cases  l)rings  out  the  fact  that  swinuning  for  an  inordinately  long  time 
lias  been  inuncdiately  followed  by  the  onset  of  an  acute  fulminating  osteomye- 
litis. In  these  ca.ses  it  is  fair  to  a.ssuine  that  the  staphylococcus  was  not  taken 
into  the  jiatient's  circulation  at  the  time,  but  that  in  all  probability  the  indi- 
A'idual  had  been  acting  as  the  host  of  the.se  organisms  for  an  indefinite  period, 
and  that  when  local  resistance  had  been  sufficiently  reduced — as  by  the  ex- 
liansting  influence  of  the  ])rolonged  swimming — they  had  set  uii  acute  sup- 
puiati\'e  changes  in  the  bone  mari-ow. 

The  influences  which  make  one  sex  more  susce])til)le  than  the  other  to  a 
given  disease  do  not  operate  in  anterior  poliomyelitis.  Boys  and  girls  are 
attacked  with  about  equal  fre(|uency.  Wh)'  the  first  decade  should  be  the 
period  of  life  Avhen  the  niajoiity  of  cases  are  noted  is  not  apparent,  unless  it 
be  that,  during  that  period  of  rapid  growth  and  active  metabolic  change,  the 
mechanism  which  regulates  the  radiation  of  bodily  heat  is  susceptible  to  more 
rapid  and  extreme  fluctuation  than  in  more  mature  years.  In  consecjuence 
of  these  rapid  changes  in  the  heat-regulating  mechanism  it  is  conceivable  that 
local  resistance  in  central  portions  of  the  body  may  be  depressed  below  the 
l>oint  where  it  can  withstand  infection.  This  hypotlu'sis  would  .seem  to  receive 
some  support  from  the  clinical  side  and  from  analogy  with'osteomyelitis  and 
some  other  infections.  The  cases  which  occur  in  adidt  life  are,  as  a  rule,  not 
so  typical  in  their  onset  and  clincial  cour.se  as  those  which  develop  in  infancy. 
Furthermore,  the  study  of  the  etiology  of  these  cases  presents  even  greater 
difficulties  than  those  which  are  encountered  in  the  study  of  the  factors  which 
are  operative  in  the  causation  of  the  disease  in  infantile  subjects. 

Clinical  Course. — There  is  consideral)le  Aariation  in  the  way  in  which  the 
di.sea.se  develops.  Some  cases  are  so  slight  that  they  are  either  not  noticed  at 
all  or  are  passed  over  as  cases  of  transient  "febricula,"  due  to  dentition,  to 
digestive  disturbance,  or  to  some  one  of  the  many  insignificant  causes  for  the 
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traiKsitoi-y  up^^cts  (if  infancy  ami  cliiltllKiinl.  ( )fti'ntimes  a  child  will  go  to  bed 
in  jicrfect  health,  and  willhc  found,  on  the  following  morning,  to  exhibit  varying 
dogrecfi  of  ijaralysis,  without,  j)erha|).><,  showing  any  .sign  of  being  constitutionally 
disturbed.  At  other  times  a  child  \\ill  come  in  from  its  j^iay  complaining  of 
headache,  malaise,  and  febrile  sytnploms.  Ijion  being  put  to  bed  it  may  drop 
off  into  a  restless  sleep,  from  which  it  will  awake  with  inability  to  use  one  or 
both  legs  or  some  other  part  of  the  body.  In  still  another  t3'pe  of  onset  the 
initial  symptoms  ma}*  be  such  as  we  ha\-e  just  narrated,  but  the  loss  of  power 
may  not  manifest  itself  for  several  days  nud  then  only  by  causing  the  ])atient 
to  drag  one  foot  or  use  it  awkwardly  in  walking  or  attempting  to  run.  The 
most  severe  type  is  ushered  in  i-atlicr  sudilenly  by  fever,  running  u])  to  10;!° 
or  104°  F.:  by  pain,  extending  o\('r  the  entire  body,  and  particularly  pro- 
nounced when  the  child  is  moved:  and  by  headache,  drowsiness,  hypersensi- 
tiveness  of  the  skin,  muscular  twitching,  opisthotonos,  and  retraction  of  the 
li<>a(l,  with  occasionally  a  low  grade  of  delirium  and  facial  paralysis.  In  a 
word,  these  cases  strongly  resemble  those  of  a  beginning  ceicbro-spinal  menin- 
gitis. In  these  febrile  cases  the  body  temperature  remains  high  for  a  week  or 
ten  days,  sometimes  for  a  still  longei-  period,  and  comes  down  by  lysis.  Hyjjer- 
a'sthcsia  gradually  di.sappears,  and  the  existence  of  certain  paralyses  is  recog- 
nized sooner  or  later  in  the  cour.se  of  the  .sickness — invariably,  in  this  type, 
before  the  ]mtient  has  been  gotten  out  of  bed.  Sphincteric  paraly.ses  rarely 
occur  in  anterior  ])oliomyelitis  and  are  wvy  transient  in  character.  In  the 
(iloucester  epidemic  two  cases  wei'e  said  to  ]ia\-e  had  tliis  form  of  paralysis. 
Several  months  may  he  required  before  these  patients  will  recover  enough 
muscular  power  to  enable  them  to  get  up  and  move  about  even  a  very  little. 
AVhen  paralysis  has  been  fully  established  it  does  not  long  remain  at  its  maxi- 
mum. In  the  first  few  weeks  inipi'o\'ement  is  much  more  marked  than  it  is 
timing  the  succeeding  weeks  and  months.  This  is  due  to  the  fact  that  a  con- 
siderable amount  of  the  pressure  upon  the  motor  ganglia  in  the  anterior  horns 
of  the  cord  is  due  to  the  presence  of  a  serous  exudate  which  spreads  out  from 
the  central  area  of  inflammation  in  the  cord.  This  inhibits,  for  the  time  being, 
the  transmis.sion  of  nervous  imjiulses  through  the  nerve  cells  connected  with 
these  ganglia,  but  does  not  destroy  the  latter  organs.  As  this  serous  exudate 
becomes  absorbed,  the  nerve  cells  upon  which  it  has  been  pressing  are  relieved, 
and  the  function  of  the  cell  and  its  neuron  is  resumed.  The  complete  restora- 
tion of  cei'tain  nuiscle  groups,  whicli  at  the  outset  appeared  to  jje  comiiletely 
])aralyzed,  is  to  be  explained  in  the  foregoing  mamier.  This  process  of  grad- 
ual restitution  of  power  goes  on  for  a  jx-iiod  of  two  years  in  some  cases,  im- 
provement being  due  in  part  to  a  gradual  restitution  of  functioning  power  in 
ganglia  inside  the  zone  of  .serous  exudate,  and  in  part  to  the  assumption  of 
power  by  muscles  not  before  concerned  in  the  performance  of  the  duties  of  the 
jiarticular  muscidar  groups  paralyzed.     Where  paralysis  remahis  complete,  it 
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is  safe  to  assume  that  tho  gaiifilioilic  cells  at  tlie  "sloiin  ceiilre"  in  tlie  anterior 
lionis  were  entirely  destroyed,  and  lliat  eonse(|Uen(ly  no  icstitution  is  possible 
in  the  nerves  coininfi  from  those  f^anglia.  I'nder  certain  conditions  not  all 
file  nerve  filaments  contained  in  ;i  trunk  fioins  to  some  particular  nuiscle  are 
eejually  comjircssed ;  some  of  the  ganglia  lielonging  to  these  fibres  may  have 
])een  wholly  destroyed,  while  others  were  only  slightly  interfered  with.  It  is 
l)ecause  of  such  contingencies  as  these  that  it  is  worth  while  to  keej)  up  mas- 
sage, passive  motion,  and  other  measures  designed  to  promote  function  in  the 
limb  affected  by  the  jiaralysis.  It  is  (juite  likely  that  the  few  intact  nerve  fibres 
contained  in  the  midst  of  a  bunille  of  tilires,  the  majority  of  whose  ganglion 
cells  are  destroyed,  would  also  lose  their  conductivity  to  nei-vous  impulses  if 
the  muscles  to  which  the)'  carried  stimuli  were  thrown  completely  out  of  func- 
tion. If,  liowever,  effort  is  made  to  keej)  as  nnich  of  this  muscle  in  action  as 
is  possible  thiough  passive  stimulation,  it  is  hkely  that  some  strength  may  Ixj 
]ji-esei-vcd  in  a  nuiscle  which  might  otherwise  be  Avholly  jiai-alyzcd. 

Sensory  nerves  are  not  concerned  in  this  [jaralysis,  inasmuch  as  they  tlo 
not  have  their  origin  in  the  anterior  horns.  As  has  been  said,  the  sphincters 
are  not,  as  a  rule,  in^•olved,  and  when  iiy  chance  they  are  it  is  only  a  transient 
involvement  that  has  occurred  dui'ing  the  acute  attack. 

Different  parts  of  the  coi-d  may  be  concerned;  rarely  are  all  the  muscles  of 
the  arms,  legs,  and  trunk  affected.  The  lower  extremities  are  more  commonly 
attacked  than  the  upper,  antl  imilateral  im-oh-cments  of  the  extremities  are 
much  more  common  than  bilateral.  Irregular  distiibutions  of  the  paralysis 
are  quite  common,  and,  in  fact,  even  in  the  cases  where  paralysis  is  pretty  sym- 
metrical, it  is  the  rule  to  find  some  muscles  which  are  less  completely  para- 
lyzed than  are  their  fellows  of  tiie  ojjposite  limb.  In  the  same  limb  it  is 
unusual  to  find  flexoi's  and  extensors  ecjualh'  balanced.  These  peculiarities 
are  all  readily  explicable  on  the  groimd  that  the  centi-al  zone  of  the  inflannna- 
tory  exudate  marks  the  point  whei'e  the  greatest  injury  will  j^e  inflicted  upon 
the  nerve  cells,  whereas  the  periphery  of  this  inflannnatory  centre  will  be  less 
affected,  and  irregular  distribution  of  paralj^ses,  as  regards  both  intensity  and 
area  of  muscles  involved,  may  be  expected.  The  cervical  sjjine  and  scapular 
muscles  are  frecfuently  the  only  jjarts  concei'ued,  the  arm  and  forearm  muscles 
not  lieing  attacked  at  all.  Rarely  the  muscles  of  one  arm  are  concerned. 
One  leg  n:ay  be  wholly  paralyzed,  or  the  muscles  of  the  anterior  til)ial  region 
may  be  intact,  while  the  posterior  ones  ai-e  paralyzed,  and  vice  versa.  All 
kinds  of  combinations  of  ]iaralysis  may  occur  in  the  lower  leg.  Occasionally 
the  thigh  muscles  of  one  side  may  be  affected,  and  at  the  same  time  those  of 
the  lower  leg  of  the  opposite  side.  The  trunk  nuiscles  are  more  frequently 
affected  at  the  same  time  with  the  leg  and  thigh  muscles  than  they  are  sepa- 
rately or  simultaneously  with  the  ujjper  extremities  alone.  When  both  upper 
and  lower  extremities  are  involved,  the  trunk  muscles  generally  are  also.     Irreg- 
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iilarity  in  distribution  of  paralysis  is  therefore  the  rule  in  anterior  poliomyelitis, 
and  it  is  this  fact  which  is  of  some  importance  in  enabling  one  to  differentiate 
between  this  and  other  forms  of  paralysis. 

After  an  acute  attack  the  child  soon  begins  to  get  about,  unless  the  number  of 
muscles  involved  is  such  that  locomotion  is  impossible.  In  the  lighter  attacks, 
as,  for  example,  where  only  one  leg  is  concerned,  and  not  all  the  muscles  of  this, 
the  child  soon  commences  to  walk,  and  reco\'ery  is  more  rapid  proportionately, 
liecause  of  this  wny  fact,  than  in  tlie  .same  grade  of  parah'sis  in  bf)th  lower 
legs.  This  is  because  functional  acti\ity  is  an  essential  factor  in  the  restora- 
tion of  a  limb  to  a  normal  condition.  During  the  stage  of  degeneration  of  the 
nerve  fibres  there  are]ik(>]y  to  be  soreness  and  tenderness  in  the  muscles  para- 
lyzed and  in  the  main  wv\e  trunks  that  supply  these  muscles,  but  these  pass 
off  in  a  few  weeks  (three  or  four),  and  then  it  is  perini.ssilile  to  commence  active 
treatment.  The  reflexes  at  the  knee  are  obliterated  in  complete  paralysis  of 
the  lower  extremities,  and  are  nuich  diminished  in  incomplete  paralyses.  AMien 
paralysis  is  unilateral,  loss  in  reflex  is  naturally  unilateral.  The  plantar  reflexes 
are  also  diminished.  There  is  no  Babinski  phenomenon,  as  the  anterior  horns 
are  in-\-oh-ed.  Too  niucli  reliance  should  nut  lie  placed  upon  the  condition 
of  the  knee-jerks,  because  they  are  so  variable  and  because  in  infants  and 
young  childi'en  the  obtaining  of  a  reflex  is  not  alwaj'S  possible,  e\Tn  though 
the  reflex  mechanism  be  intact. 

Of  niucli  greater  significance  is  the  flaccid  condition  which  early  shows  itself 
in  the  muscles.  They  waste  very  markedly,  quite  rapidly,  and  more  or  less 
irregularly,  according  to  the  degree  of  the  paralysis  and  the  symmetry  of  its 
distribution.  In  some  cases  atroph}-  is  very  marked  upon  inspection,  there 
being  scarcely  enough  flesh  to  protect  the  bones;  in  other  cases,  there  is  not 
this  pronounced  emaciation  because  of  the  amount  of  subcutaneous  fat.  In 
either  case  the  muscles  are  flaccid;  in  the  latter  the  atrophy  is  chiefly  ap- 
parent through  alteration  in  the  contour  of  the  muscle  bellies.  Along  with 
the  atrophy,  and  in  consecjuence  of  it  and  the  resultant  impairment  of 
function,  local  circulation  i)ecomes  poor — the  affected  member  becomes  colder 
both  subjectively  and  olijectively.  The  l)lood  supply  is  not  directly  affected 
by  the  paralysis,  but  a  group  of  paralyzed  muscles  does  not  need  so  much 
nourishment,  and  consequenth'  there  is  set  up  a  compensating  endarteritis 
which  regulates  the  amount  of  blood  brought  to  the  affected  limb.  As  a 
consecjuence  of  this  diminution  in  the  blood  supply  these  infantile  limbs  are 
frequently  subject  to  "chilblains."  They  are  pale,  as  a  rule,  and  passively 
congested  over  the  toes  and  for  .-ome  distance  up  toward  the  dorsum  of  the 
foot.  There  will  also  lie  .seen,  e\'en  on  the  sides  of  the  calves  of  the  legs,  areas 
which  are  blue  and  in  some  cases  almost  ulcerated  superficially.  At  a  still 
later  stage  certain  muscles  or  groups  of  muscles  will  show  evidences  of  under- 
going  contracture.     Occasionally   paralysis   is  so  equally   balanced    that    the 
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affected  |i;nt  is  in  e(|uilii)riiiiii  and  mi  cdnl  laeture  takes  jilaee,  liut  this  condi- 
tion is  most  iniusual.  The  flexor  gron))  cf  niiisclcs  are  i;:eiierally  the  .stronger, 
and  if  floxons  and  their  (ip|)osinf^  cxtensois  aic  hotli  |)artially  ])aralyzed  it  is 
generally  the  flexor  uronp  •\vliicli  succeed  in  cnntractinf;.  hy  overcoming  the  less 
powerful  extensors.  In  eoiniilete  paialysis  it  is  the  anatomical  opponent  of 
the  paralyzeil  nniscle  \\liicii  contracts,  lieeause  it  no  longer  meets  with  a 
coiniterlialancing  force.  The  effect  of  prolonged  conti-acture  is  to  interfei'e 
with  the  function  of  the  contracting  muscle,  and  after  a  time  a  jmrtial  paralysis 
of  this  muscle  results.  It  is  for  this  reason  thai  tenotomy  of  a  long-contracted 
muscle  effects  an  im])ro\('ment  in  its  tone  and  iiiuscnlar  power.  A  large  i)art 
of  the  value  of  a  tenotomy  is  dependent  upon  this  fact.  Correction  of  the  de- 
formity caused  by  contracture  makes  it  possible  for  a,  better  function  to  be 
establishoMJ  in  the  non-])aralyzed  muscle,  .and  theicfoie  the  usefulness  of  the 
entii-e  limb  is  thereby  enhanced.  This  is  a  highly  imjHirtant  fact,  and  it 
should  be  borne  in  mind  in  all  tieatment  of  the  deformities  of  anterior  polio- 
myelitis. One  should  strive,  in  eAcry  pos.sible  way,  to  .secure  for  the  affected 
limb  an  ajjproximation  to  the  normal  functioning  capacity,  for  it  is  by  this 
means  that  the  greatest  utilization  of  the  muscular  ])o\\er  of  the  ]3artially  para- 
lyzed muscles  may  be  gained  and  that  the  contracting  non-paralyzed  muscles 
may  be  prevented  tVom  [becoming  in  effect  powei'less.  A  fiu'ther  result  of 
neglected  or  incflnciently  treated  cases  of  this  jiaraly.sis  is  the  development  of 
osseous  deformities  and  partial  dislocations  or  subluxations.  The  usual  situa- 
tions for  such  complications  are  the  knee,  the  foot,  and  the  hip;  the  spine  anil 
certain  of  the  smaller  articulations  of  the  hands  are  concerned  in  the  effects 
of  this  jiaraly.sis  at  times.  The  earlier  in  infancy  these  jiarah'ses  occur  the 
more  jironoimced  will  be  the  o.sseous  disarrangements.  Articulating  facets 
are  changetl  and  the  shajje  of  epiphyses  is  altered.  The  internal  architecture 
of  the  small  tar.sal  bones  is  changed,  and  the  change  in  turn  effects  a  trans- 
formation in  the  outward  ai)])earance  of  the  bones  involved;  in  fact,  they  are 
so  altered  that  they  can  no  longer  meet  the  static  conditions  which  must  be 
satisfied  in  order  to  jjermit  of  normal  function.  The  impairment  of  function 
and  compensatory  diminution  of  blood  su]iply  interferes  with  the  growth  of 
the  paralyzed  limb.  The  more  decided  are  the  al;)Ove-mentioned  factors,  the 
more  striking  is  the  interference  with  growth.  S\ich  interference  is  a  pro- 
gressive matter,  continuing  through  the  periods  of  childhood  and  adolescence. 
The  affected  limb  falls  rapidlj'  behind  the  non-paralyzed  one  at  those  times 
when  normal  growth  is  most  rapid.  This  phenomenon  is  not  probably  due  to 
any  specific  effect  upon  growth  Ijy  the  di.sea,se  it.self,  but  is  largely  due  to  the 
effects  of  the  jjaralysis  u|.)on  fvmctional  activity. 

A  remote  effect  of  anterior  poliomyelitis  is  static  and  consists  of  callos- 
ities and  inflamed  bursa'  that  develop  o^•er  jioints  A\here  excessive  pressure 
is  being  exerted.      Ulceration    and    sometimes   even    suppuration    may    take 
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]ilar('  under  these  circimis^tanccs,  thus  cuiuplicatin^  the  paralytic  condition 
very  considerably. 

Althougli  there  is  a  wide  variation  in  the  severity  of  paralyses  in  this 
disease,  there  has  never  been  observed  a  case  in  which,  after  paralysis  has  once 
developed,  coniiilete  lecovery  has  taken  i)laci'.  There  were  seen,  after  the 
Gloucester  epidemic,  cases  in  which  thei'c 
was  only  the  slightest  suggestion  of  a  liin]), 
the  merest  tiifle  of  tleforinity,  and  only  a 
slight  amount  of  atrophy,  but  they  were 
uncjuestionably  cases  of  anterior  jiolioniye- 
litis,  and,  two  years  after  the  epidemic  in 
which  they  occurred,  there  was  demousti-a- 
ble,  though  slight,  evidence  of  the  nature  of 
the  original  disorder. 

Regions  Affkcted  isy  thio  Pakai.ysis. 

Lower  Extremity. — The  cnnunonest  sit- 
uation for  infantile  deformities  is  in  the 
lower  leg  and  foot.  Anterior  jiolioinyelitis 
may  produce  paralysis  in  any  of  the  mus- 
cles of  the  leg,  and.  accordingly,  mc  may 
see  every  possible  varietj-  of  club-foot,  in 
correspondence  ■with  the  particular  group 
of  muscles  affected.  Paralysis  of  the  ante- 
rior tibial  quite  frecjuently  occurs  alone,  I  lie 
other  muscles  of  the  front  of  the  lower  leg 
I'cmaining  intact:  the  effect  of  this  is  to 
allow  the  foot  to  assume  a  valgus  position. 
(Vide  Figs.  582  and  583.)  AMien  the  ante- 
rior tibial  group  is  intact  and  the  peroneals 
and  conniion  extensors  are  jiaralyzed,  we 
then  find  the  predominant  feature  to  be  a 
varus  deformity.  {Vide  Figs.  584  and  585.) 
If  the  gastrocnemius  group  is  affected  by 
the  paraly.sis,  while  the  anterior  tibial  grouj) 

remains  intact,  there  will  develop  a  deformity  of  the  calcaneus  variety.  (Vide 
Fig.  586.)  These  three  fundamental  positions  are  in  general  due  to  a  loss  of 
power,  either  partial  or  complete,  in  the  muscle  groups  just  described.  When 
the  muscles  affected  are  not  closely  confined  to  the  fundamental  types  then  we 
see  various  combination.s — as,  for  example,  a  calcaneo-valgus  or  a  calcaneo-varus, 
a  talipes  equino-valgus,  or  a  talipes  equino-varus.     {Vide  Figs.  587  and  588.) 


l"io.  3S2. — Valgus  Deformity.  Uhis- 
t rates  tlie  abduction  of  the  fore  foot  and 
the  change  in  tlic  relation  of  tlie  long  axis 
(if  tlie  foot  to  the  long  a.xis  of  the  leg. 
(Original.) 
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Under  some  cireiuiistaiices  \vo  have  a  partial  ])aialysi,s  of  tlie  f;astiocnemiii.s 
group,  combined  wi til  a  los,s  of  power  in  the  intrinsicmuiselesof  the  foot  and  toes, 
and,  as  a  result  of  this,  the  anlciioi' portion  of  the  foot  is  apjiroximated  more 
closely  tlian  normal  to  the  ]iosterior  portion,  llie  result  uf  which  is  to  shorten 
the  foot,  raise  the  l()n,siitu(lin;ii  aich,  spread  <iut  the  anterior  arch,  and  Hex  the 
toes  at  the   seeontl  phalanf;cal  articvdations — a  eomhination  of  etuiditions  to 


Fig.  583. — Valgus  Deformity.  Note  tlie  atrophy  of  tlie  calf,  iiarticularly  of  the  anterior  tibial 
group,  and  the  extreme  degree  of  valgus.  The  scaphoid  is  much  nearer  tlie  floor  than  is  normal, 
and  the  great  toe  is  rotated  so  that  the  siile  of  the  toe  rests  on  the  groimd  instead  of  its  plantar 
surface.      (Original.) 

which  the  name  "pes  cavus"  (vide  Fig.  587)  is  eomnioidy  given.  Some- 
times the  contracture  of  the  fiexors  of  the  toes  is  the  most  conspicuous  feature 
of  the  paralysis,  and  under  such  circumstances  a  paralytic  hammer-toe  deform- 
ity is  the  prominent  feature.     (Vide  Fig.  589.) 

At  the  knee  joint  infantile  paralysis  gives  rise  to  simple  flexion  of  the  knee 
when  the  quadriceps  extensor  is  partially  paralyzed;  when  the  paralysis  is 
more  complete  and  has  been  of  long  standing,  and  when  no  measures  have  been 
taken  to  overcome  the  contracture,  subluxation  of  the  tibial  uDon  the  femoral 
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condyles  takes  place.  A  certain  amount  of  knock-knee  is  generally  com- 
bined with  the  subluxation.  If  the  posterior  muscles  or  the  hamstrings  are 
affected,  then  a  genu  recuivatum, 
or  extreme  h3'perextension  of  the 
leg  upon  the  thigh,  is  the  result. 
An  unmixed  knock-knee  deformity 
in  anterior  poliomyelitis  may  occur, 
but  is  not  usual.  Knock-knee  de- 
formit}'  is  generally  associated  with 
rotation  of  the  tibia  outward.  (Vide 
Fig.  n90.)  In  this  type  of  paralytic 
deformity  there  is  frequently  seen  an 
habitual  outward  luxation  of  the 
patella  caused  by  alteration  in  the 
direction  of  the  pull  of  the  quadri- 
ceps tendon  in  consequence  of  the 
knock-knee.  This  condition  is  also 
favored  by  a  shallowness  of  the  ex- 
ternal trochlear  surface  of  the  femo- 
ral condj'le. 

At  the  hiji  joint,  in  extreme  types 


Fig.  .')84. — Varu.s  Deformity.  Note  the  extreme 
varus  position  of  the  right  foot,  witli  tlie  bxirsa  over 
the  cuboid  upon  whicli  weight  is  borne.  Slight 
tendency  to  paralytic  valgus  is  observable  in  tlie 
left  foot.      (Original.) 


of  anterior  poliomyelitis,  a  disloca- 
tion of  the  head  of  the  femur  may 
take  place.  This  occasionally  gives 
rise  to  a  condition  simulating  con- 
genital dislocation  of  the  hip. 

Contracture  of  the  nuuscles  that 
originate  at  the  anterior  superior 
spine  of  the  ilium  may  produce  fie.x- 
ion  of  the  thigh  without  causing  a 
dislocation.  Contracture  of  the 
tensor  A-aginir  femoris  causes  an 
inward  rotation  of  the  thigh  which 
pioduces  considerable  deformity  and 
consequent  disability.  Adduction 
deformity  is  not  as  common  in  in- 
fantile paralysis  as  it  is  in  spastic 
cerebral  paralysis. 

Posterior  Aspect  of  the  Trunk. — 

Paralysis  of  the  spinal  muscles  may 

give  rise  to  seriously  disfiguring  deformities.     Rotation  of  the  column  is  a  very 

conspicuous  feature  of  the  scoliotic  deformity  and  is  dependent  upon  paraly- 

voL.  IV.— 52 


Fig.  585. — Varus  Deformity.  Illustrates  the 
maximum  voluntary  correction  of  varus  deformity 
shown  in  Fig.  584;  also  the  ma-ximum  amount  of 
correction  of  valgus  deformity  shown  in  the  same 
figure.      (Original.) 
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sis.  {Vide  F\g.  591.)  Ivxliviiic  lordosis  is  sometimes  seen  in  paralyses  of  the 
erector  S])in[r.  In  i)aralysis  ol'  the  muscles  of  the  cervical  sjiine  there  is  no 
tnie  osseous  (Icfoiiiiity,  but  (lie  head  is  allowed  to  drop  in  any  direction  and 
canunl  lie  (•iiiitr()llc<l  hy  the  iiatient. 

l/p/iir  Alr/rr;;/////.— Paralyses  of  the  iijipci'  extremities  generally  concern 
the  shoulder,  elbow,  and  wrist.  In  the  shoulder  there  are  few  deformities. 
Sometimes  the  head  of  the  humerus  is  luxated  and  the  arm  is  rotated  in  much 
the  same  way  as  it  is  in  obstetrical  jjaralysis.  \Vlien  the  extensors  of  the  arm 
are  paralyzed  there  is  j:)ermanent  flexion  of  the  forearm.     Flexion  of  the  wrist 


Fig.  5S6. — In  tlie  Picture  the  Calcaneus  Position  is  Clearly  Shown,  and  the  Deep  Broad  Heel,  the 
Bearing  Surface  of  which  is  Anterior  to  the  Internal  Malleolus,  is  well  Indicated.  Fle.xion  of  the 
secontl  row  of  phalangeal  articulations  is  clearly  shown.      (Original.) 

and  permanent  flexion  of  the  fingers,  combined  with  subluxation  of  the  pha- 
langes upon  the  metacarpals,  constitute  the  most  conspicuous  of  the  paralytic 
deformities  of  the  forearm  and  hand  which  are  caused  by  anterior  polio- 
myelitis. 

Dislocations  of  the  peroneal  tendons  (Fig.  592)  frequently  occur  in  infantile 
paralysis;  the  posterior  tibial  tendon  is  also  similarly  dislocated.  {Vide  Fig. 
593.) 

Pathology. — As  has  been  stated,  it  is  rare  that  cases  of  anterior  poliomyelitis 
are  fatal  during  the  acute  attack  or  in  consequence  of  it.  The  patients  that  have 
died  in  the  acute  stage  of  the  disease,  and  that  have  come  to  autopsy,  show 
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either  distinct  inflammatory  changes  in  the  neurogha  as  \vell  as  in  the  nerve 
cells  or  else  merely  the  evidence  of  thrombosis  and  embohsm.     The  patients 
showing  the  latter  condition  are  those  in  wIkhh  the  acute  febrile  state  was  not 
present  as  a  precedent  of  the  paralysis,  and  they  constitute  a  ^•er}'  small  pro- 
portion of  the  total  number  of  cases.     In  the  inflammatory  type  the  neuroglia 
tissue  is  infiltrated  with  serum  and  a  considerable  extra\-asation  of  red  l)lood 
corpuscles;  leucocytes  and  round  cells  invade  the  area  of  inflammation  abun- 
dantly.    The  ganghon  cells  become  cloudy  and  granular  in  appearance,  and  at 
a  more  advanced  stage  of  the  process  repair  commences  in  the  inflamed  region, 
the  ganglion   cells  shrink,  the  neuroglia 
cicatrizes,   the    nerve   fibres   degenerate, 
and   the  entire  cord  at  the   .seat  of   the 
trouble  becomes  smaller.      The  effects  of 
this  are  seen  peripherally  in  mu.scle,  nerve, 
connective  tissue,  and  blood-vessels.     Li- 
asniuch  as   the   sensor}'  nerves   are   not 
concerned,  the  skin  rarely  gives  any  c\i- 
dence  of  jiarticipation  in  the  jiathological 
changes.     According    to    the    degree    of 
completeness  of  paralysis  the  muscles  are 
found  altered.     The  comi)letely  paralyzed 
muscle  is  pale,  flaccid,  and  has  undergone 
considerable  transformation  into  fibrous 
tissue  in  some  cases;  in  other  cases  there 
are  evidences  that  fatty  degeneration  has 
taken    place.      Tlie   nerve    trunks   show 
more  or  less  complete  degeneration ;  many 
fibres  may  be  intact  or  nearly  so,  show- 
ing that  the  ganglion  cells    from    whicii 
they  were  derived  are  functioning.    Blood- 
vessels  show    varying    degrees    of   com- 
pensatory endarteritis,  but  this  is  not  alwajvs  proportionate  to  the  grade  of 
paralysis  present.      The  changes  in  the  surface  temperature  always  noted  in 
tills    disease    are  due  to    alterations  in  blood-ves.sels.     In  some   almost  com- 
pletely paralyzed  legs  we  find  an  excess  of  subcutaneous  fat,  more  sometimes 
than  would  be  accounted  for  by  the  nutrition  of  the  patient  in  other  respects. 
On  the  other  hand,  the  usual  condition  is  one  in  which  there  is  practically  no 
subcutaneous  fat,  fibrous  connecti\-e  ti.ssue  luxAing  everywhere  in  great  measure 
taken  the  jilace  of  the  normal  tissues.     Growth  is  more  or  less  inhibited  in 
these  paralytic  ca.ses,  and  this  .seems  to  extend  to  bone  as  well  as  to  the  soft 
parts.      The  .r-ray  shows  a  decided  diminution  in  shadow  values  of  infantile 
bone,  and  also  reveals  the  fact  that  the  effect  upon  bone  is  not  mereh"  related 


Fig.  587. — Equino-varus  Deformity.  H- 
lustrates  tlie  most  extreme  type  of  paralytic 
equino-varu.s  of  the  left  foot.  Note  position 
of  the  heel  and  the  portion  of  the  foot  upon 
whiih  weight  is  being  borne.  There  is  also 
a  considerable  degree  of  paralytic  equino- 
valgus  of  the  right  foot.      (Original.) 
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to  its  density,  l)ut  also  to  its  actual  size,  as  shouii  by  comparisons  of  the 
paralyzt'd  witli  tlu^  iiou-imralyzcd  side.  The  Imno  of  the  pai-alyzod  side  is 
smaller  than  that  of  its  non-jniralyzed  fellow. 

Physical  Examination.— Attention  to  the  physical  .signs  of  this  disease  is 
of  great  importance,  not  merely  to  enable  one  to  arrive  at  a  conclusion  regard- 
ing diagnosis,  but  also  to  aid  one  in  plan- 
ning treatment.  It  is  perhaps  worth  while 
to  spend  a  little  time  in  going  over  the 
physical  signs  which  one  meets  in  this  form 
of  ijaralysis.  As  has  been  said  previou.sly 
in  this  article,  the  distribution  of  paraly.sis 
may  be  very  irregular,  one  limb  being 
afl'ected  in  one  part  and  its  fellow  in  an- 
other part:  in  the  same  limb  one  set  of 
muscles  ma}'  escape  entirely,  whereas  an- 
other group,  whose  innervation  is  nearly 
the  same,  may  be  wholly  or  only  partially 
paralyzed.  It  is  this  very  irregularity  in 
the  distribution  of  paralysis  which  is  sug- 
gestive in  diagnosis.  The  flaccid  character 
of  the  muscles  is  almost  invai-iably  noted. 
The  reflexes  at  the  knee  may  be  wholly 
obliterated  or  they  may  be  simply  markedly 
diminished.  Often  the  knee-jerk  on  one 
side  may  be  lively  or  relatively  so,  while 
that  of  its  fellow  wiW  have  entirely  disap- 
peared. There  is  no  ankle  clonus.  A 
tendency  to  contracture  may  manifest  itself 
early.  This  may  not  appear  on  gross  ex- 
amination, but,  when  attempts  are  made 
to  ]>ut  the  feet  or  the  knees,  for  example, 
through  their  normal  arcs  of  motion,  these 
tendencies  'will  become  manifest.  Com- 
parative examinations  are  always  valualile 
in  this  connection.  It  may  be  that  the 
first  sign  of  this  tendency  will  be  noted  in 
the  way  in  which  a  shoe  wears  out  or  runs 
over.  An  essential  part  of  the  examination  of  these  patients  is  always  the 
active  and  passive  exercise  of  the  patient's  muscles.  Much  can  be  learned 
from  this  feature  of  the  physical  examination.  It  gives  information  of  diag- 
nostic value  and  enables  the  examiner  to  estimate  the  cjuantitative  func- 
tional values   of  the   paralyzed   muscles  and   how   much   assistance   may  be 


Fig.  588.  —  Talipes  Calcaneus.  Tlus 
figure  illustrates  the  shape  of  the  heel  in 
talipes  calcaneus  and  shows  the  tendency 
of  the  foot  in  these  cases  to  assume  a  val- 
gus position  in  addition  to  the  calcaneus. 
(Original.) 
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expected  of  the  partially  paralyzed  in  the  ])erforniance  of  the  duties  expected 
of  them.  In  cases  in  which  deformity  has  not  declared  itself  as  such,  much  in- 
formation of  \-alue  in  preventing  its  de^-elopment  ma}-  be  secured  hy  testing 
the  passive  motion  of  joints  in  the  paralyzed  region  in  order  to  estimate  how 
much,  if  any,  hmitation  exists  and  in  what  direction  it  is  most  marked.  In 
such  a  direction  deformity  will  unquestionably  de^•elop,  and  much  maj-  lje 
done  to  lessen,  if  not  actually  prevent,  it.  When  the  child  is  old  enough  to 
receive  the  greatest  benefit  from  tendon  (ransj)lantafion  it  is  old  enough  to 
assist  in  bringing  out  the  information 
which  it  is  necessary  to  possess  in 
order  to  determine  what  operation  is 
best  to  emj)loy.  For  this  reason  a 
diminution  of  the  amount  of  motion 
and  the  strength  Mith  which  such  mo- 
tion can  be  made  in  the  joints  about 
which  muscles  are  paralyzed  is  of 
greater  value  in  most  cases  than  arc 
the  electrical  reactions.  In  childicn 
the  application  of  electrical  tests  is  dif- 
ficult, and  the  results  are  often  indefi- 
nite for  this  reason.  In  adults  or 
older  children  they  are  not  necessary. 
In  a  muscle  affected  bj-  infantile  j^aral- 
ysis,  after  the  first  week  has  pas.sed, 
irritability  to  a  faradic  current  is 
lost :  it  preserves  its  irritability  to  a 
galvanic  current,  but  instead  of  giving 
its  greatest  response  when  the  nega- 
tive pole  is  closed,  as  is  the  case  in 
normal  muscle,  it  yields  its  greatest 
reaction  upon  the  closure  of  the  posi- 
tive pole,  and  reaction  is  more  tard}- 
than  it  is  in  healthy  muscular  tissue, 
];()werful  currents  than  are  required  in  healthy  muscle.  This  is  known  as 
the  reaction  of  degeneration  and  is  of  more  value  in  determining  the  possi- 
bilities of  restoration  or  preservation  of  conductivity  in  paralyzed  and  ]:)artially 
paralyzed  nerve  trunks  than  it  is  as  an  aid  to  diagnosis. 

Differential  Diagnosis. — In  the  average  ca.se  of  anterior  poliomyelitis  in 
infancy  and  childhood,  whether  in  the  sporadic  or  in  the  epidemic  type,  there 
should  be  no  insurmountable  difficulties  in  arri\ing  at  a  diagnosis.  When  this 
disease  attacks  an  adult  it  is  oftentimes  an  extremely  difficult  matter  to  exclude 
other   forms   of   paralysis.     In   childhood   j^aralytic   .symptoms   ai-e   generally 


Fig.  5S9. — PesCavus.  Illustrates  pes  caviLs  in 
the  riglit  foot  and  pes  eavus  combined  with  val- 
gus in  the  left  foot.  Note  the  position  of  the 
toes  (hammer-toe)  and  how  all  the  weight  is 
borne  upon  the  ends  of  the  metatarsals;  the 
proximal  phalanges  are  nearly  at  right  angles  to 
the  metatarsals.  Contracture  of  the  tendo 
.\chillis  in  both  limbs  prevents  dorsifiexion  of 
the  foot  beyond  a  right  angle.      (Original. ) 

and   is   ].)i'oduced  only  jjy  luucli    more 
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iislicrcil  in  with  a  lVl)ril('  attack,  and  loss  in  jKAvcr  is  nut  (Ictcctcd  in  many  cases 
unlil  convalescence'  I'runi  tiic  I'cvcr  has  been  estahiislicd.  Adults,  on  the  other 
hanil,  are  stricken  with  paralytic  symptoms  without  any  warning  in  many 
instances,  or,  at  most,  there  are  only  a  slight  indisjiosition  and  malaise  for  a 
few  days  before  the  loss  of  motor  power  takes  place.  It  is  in  these  patients 
that  a  diagno.sis  of  i)eri])heral  ncui'itis,  transver.se  myelitis,  or  even  Landry's 
])aralysis  is  often  made. 

The  three  characteristics  of  anteiior  poliomjTlitis  (in  tlie  infant)  which  are 
most  constant  and  pathognomonic  are:  (1)  Suddenness  in  the  development  of 


Fig.  590. — The  Same  Case  as  tliat  Shown  in  Fig.  .589.  Sliows  the  effect  of  vohintar.\-  effort  to 
dorsiflex  both  feet;  the  right  is  pulled  into  a  position  of  valgus  and  the  equinus  is  not  changed;  the 
left  cannot  be  flexed  to  a  right  angle.     Hammer-toes  in  both  feet  are  exaggerated.      (Original.) 


acute  febrile  disturbances,  accompanied  or  shortly  followed  by  (2)  a  more  of 
less  unevenly  distributed  paralysis;  and  (3)  the  disappearance  of  more  or  less 
of  the  initial  paralysis  within  a  com|jaratively  short  time,  with  the  persistence 
of  some  of  it  as  a  permanent  legacy.  These  three  clinical  signs,  if  diligently 
sought  for  and  studied,  are  u.sually  sufficient  for  a  diagno.sis.  In  addition  to 
them,  tests  of  the  reflexes,  A\hich  are  absent  in  the  badly  affected  limbs,  and  the 
determination  of  the  reaction  of  degeneration  in  tlie  early  weeks  of  paralysis, 
afford  helpful  hints  in  doubtful  cases.  The  development  of  deformities,  because 
of  inequality  in  the  distriliution  of  paralysis,  is  very  significant. 
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The  more  important  diseases  or  deformities  from  whicli  it  is  necessary  to 
differentiate  anterior  jjoliomyelitis  are:  Spastic  cerebral  paralysis  in  children 
and  transvei-se  myelitis  in  the  atlult:  Pott's  iiaraplegia,  dijjhtheritic  paralysis, 
obsteti-ical  paralysis,  the  pseudo-paralyses  caused  by  rickets  and  scorbutus, 
multii)le  neuritis,  muscular  dystrophies,  rheumatism,  and  joint  diseases.  Occa- 
sionally deformities  which  are  caused  by  infantile  paralysis — as,  for  example, 
dislocations  of  the  hips  which,  though  rare,  do  occur,  as  the  result  of  the  paraly- 
sis—are not  recognized  as  being  due  to  this  cause.     Infantile  and  congenital 


Fig.  591. — Equinus  Deformity.  Note  equinus  deformity  of  rigiit  foot:  atrophy  ot  the  calf  of 
the  riglit  leg,  particularly;  and  the  contraction  of  all  the  toes  of  the  right  foot  with  the  high  instep 
characteristic  of  pes  cavus.  This  shows  a  little  more  clearly  than  Fig,  590  does  the  abnormally  high 
longitudinal  arch  caused  by  contracture  of  the  plantar  fascia.      (Original.) 


club-foot  may  be  confused  for  a  time.  A'ery  frequently  the  lighter  attacks  of 
paralysis  are  overlooked  entirely,  and  a  weakened  anterior  til)ial  muscle  may 
be  a  cause  for  the  de\-elopment  of  valgus,  the  reason  for  which  had  ne\-ei-  been 
appreciated.  In  the  same  way,  though  with  extreme  rarity,  torticollis  may 
be  accounted  for.  It  is  of  quite  as  much  im]3ortance,  in  these  rare  instances 
of  the  a.ssociation  of  deformity  with  an  infantile  paralysis  as  its  etiologic  factor, 
that  this  relation  should  be  recognized  as  it  is  in  conditions  where  confusion 
in  diagno.sis  arises  from  similarity  in  symi)toms. 

Spastic   Infantile   Paralysis. — This    condition   is  usually   the    result    of   a 
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birth  palsy,  and  tliereforp,  in  tlic  niajoi-ity  of  instances,  it  occurs  earlier  than 
do  most  cases  of  anterior  ])olioniyeli(is.  In  cerebral  paralysis  the  muscles  arc 
in  a  state  of  tonic  spasm,  while  the  muscle,  in  a  case  of  infantile  paralysis,  is 
flaccid.  The  tendon  reflexes  in  cerebral  paralysis  are  exaggerated,  while  they 
are  generally  much  diminished  or  wholly  absent  in  infantile  jiaralysis.  In 
most  instances  sjiastic  paralysis  involves  the  muscles  either  as  a  monoplegia, 
or  a  diplegia,  or  a  hemiplegia,  whereas  in  infantile  paralysis  there  is  much  less 

tendency  for  the  paralysis  to  be  evenly  dis- 
tributed. There  are  many  other  fine  differ- 
ential points,  but,  as  a  rule,  these  will  suffice. 
Transverse  Myelitis. — This  is  a  disease  of 
adult  life  generally.  It  is  of  sudden  onset  and 
differs  in  its  manner  of  conmiencement  from  the 
infantile  type  of  anterior  poliomyehtis.  Sphinc- 
teric  involvements  and  bedsores  are  very  com- 
mon in  transverse  mj'clitis  and  are  practically 
unknown  in  infantile  paralysis.  Sensory  dis- 
turbances also  characterize  transverse  myelitis, 
^^•hich  is  not  the  case  in  infantile  jjaralysis. 

Pott's  Paraplegia. — The  paralysis  or  weak- 
ness of  Pott's  disease  is  almost  always  char- 
acterized by  spasticity;  rarely  is  it  flaccid. 
The  knee-jerks  are  generally  exaggerated,  and 
there  is  an  ankle  clonus  in  well-marked  cases. 
The  presence  of  a  kyphos,  or,  if  this  is  absent, 
of  rigidity  in  the  spinal  mu.scles,  gives  a  strong 
intimation  of  the  existence  of  a  tuberculous 
lesion  and  pressure  upon  the  cord. 

DipJdheritic  Paralysis. — It  would  be  diffi- 
cult to  confuse  infantile  pai'alj'sis  with  this  if 
there  had  been  a  frank  attack  of  diphtheria, 
but  the  throat  symptoms  of  diphtheria  may 
be  very  sHght  and  transient,  and  under 
such  circiunstanees  muscular  weakness  which 
showed  signs  of  improvement  might  cause 
some  confusion  for  a  time.  Diphtheritic  paralysis,  however,  entirely  clears  up, 
but  that  due  to  anterior  pohomyehtis  never  entirely  disappears. 

Obstetrical  Paralysis. — This  always  concerns  one  upper  extremity,  dates 
from  birth,  which  covers  a  time  when  infantile  paralysis  has  not  been  described 
as  having  occurred,  and  a  region  of  the  body  rarely  afTected  by  it.  The  charac- 
teristic deformity  of  obstetrical  paralysis — viz.,  the  inward  rotation  of  the  arm 
and  hand — should  be  sufficiently  characteristic. 


Fig.  592. — Note  the  Knock-knee  De- 
formity Caused  by  Paralysis  of  tlie 
Hamstrings.  Observe  the  rotation  of 
the  tibia,  tlie  angle  of  inclination  of 
the  tibial  condyles,  and  the  compensa- 
tory varus.      (Original.) 
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Pseudo-paralyses. — In  the  acute  stages  of  rickets  and  scorbutus  there  are 
great  muscular  tenderness  and  pain  ^\hcn  the  affected  parts  are  handled  or 
when  one  attempts  to  move  one's  self,  and  in  consequence  of  this  muscular  ten- 
derness there  is  loss  of  power  and,  in  some  cases,  even  temporary  paralysis. 
The  signs  of  the  constitutional  diathesis  should  be  looked  for  in  rickets,  the 
epiphyseal  enlargements,  deformities,  kyphosis,  etc.;  and,  in  scorbutus,  sub- 
periosteal hemorrhages    and   bleeding   gums.     The   active   stage   of  infantile 


Fig.  593. — Cut  Shows  the  Marked  Paralysis  of  tlie  Erector  Spirit  and  Quadratus  Lumborum 
Muscles.  Note  the  excellent  muscular  development  of  the  upper  part  of  the  trunk  and  the  narrow 
spindle  waist.  The  rotation  of  the  vertebra?  is  quite  marked,  as  i.s  also  the  lateral  deviation  of  the 
spinous  processes.      (Original.) 

paralysis  is  characterized  by  pain  in  the  muscles  and  soreness  when  they  are 
handled,  but  here  the  similarity  stops. 

Multiple  Neuritis. — This  is  of  great  importance  to  recognize  in  the  case 
of  adults  with  symptoms  of  anterior  poliomyehtis.  A  history  of  poisoning 
by  some  chemical  substance,  e.g.,  arsenic,  or  of  a  toxic  infection  after  any  of 
the  infectious  diseases,  is  suggestive  of  multiple  neuritis.  Sensory  disturb- 
ances along  the  paths  of  the  nerves  are  very  common  and  persistent  in  multi- 
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pic  lu'urilis.  Tlie  ])re(lil(Tti()ii  of  tlu'  paralysis  for  the  extrnpor  groups  and  its' 
syiunu'trical  (listrihution  serve  to  indicate  tlie  presence  of  niulliple  neuritis 
rather  tlian  of  anterioi-  poliomyelitis. 

Di/s/nijilni. — Tlie  niuseulai-  dystrophies  ai'o  gradual  in  theii'  development 
and  ought  never  to  he  a  cau.se  of  confusion  in  the  diagnasis  of  infantile  par- 
alysis. There  are  two  tyjx-s  of  these:  The  scapulo-humeral  type  and  the  in- 
fantile type  of  Erb,  which  invokes  the  aims  and  mu.scles  of  the  .spine.  The 
gradual  onset  and  progressive  character  of  .symptoms  .serve  to  distinguish  this 
disease  from  anterior  poliomyelitis. 

Rheumatism. — There  is  no  likelihood  of  error  in  differential  diagno.sis  in 
this  connection  excej)t  in  the  early  acute  stage  of  these  tv.-o  di.sea.ses.  Wien 
all  (he  muscles  are  sore  and  tender  to  ])re.ssure,  as  they  may  he  in  both  di.seases, 
and  the  febrile  disturbance  is  at  its  height,  erroi's  have  been  made  in  recogniz- 
ing infantile  paraly.sis,  l)Ut  when  acute  .sym])toms  are  not  succeeded  by  paraly- 
sis there  should  be  no  difhculty  in  diagnosis,  and,  in  case  jjaralysis  has  succeeded, 
the  indications  are  clear  that  a  rheumatic  tliagnosis  was  incorrect.  In  this 
case,  as  in  some  others,  the  only  real  imi>ortance  of  a  right  diagnosis  is  in  i)rog- 
nosis.  It  is  obviously  unfortunate  for  the  reputation  of  the  physician  to  diag- 
nosticate the  acute  stage  of  infantile  paralysis  as  rheumatism  and  later  on  be 
oliliged  to  account  for  a  paralysis. 

Treatment. — The  treatment  of  anterior  jiolioniyelitis  must  be  considei'etl 
from  two  points  of  view.  The  acute  cases  have  to  be  cared  for,  and,  though 
it  probably  makes  but  little  diffei'ence  so  far  as  the  extent  of  the  paralysis 
and  the  ultimate  amount  of  relief  afforded  are  concerned,  what  measures  are 
adopted,  careful  nursing  will-doubtless  contribute  to  the  comfort  of  the  patient 
and  may  possibly  shorten  the  coiu-.se  of  the  inflanunation.  Licjuid  diet,  ice 
bags  to  the  sphie,  cold  sponging  to  reduce  temperature,  and  free  catharsis 
should  be  enjoined  during  the  febrile  stage.  Massage  and  electricity  should 
not  be  commenced  until  convalescence  from  the  acute  period  has  been  well 
established  and  muscular  soreness  has  disappeared.  The  acute  stage  is  a 
short  one,  even  in  the  more  severe  types  of  disease,  and  active  treatment  such 
as  has  been  outlined  does  not  need  to  be  long  continued.  AAHiere  the  infection 
was  a  .sharp  one  or  the  child  was  not  in  good  condition  \vhen  the  trouble  com- 
menced, tonic  treatment  and  out-of-door  life  should  be  encouraged  as  early  in 
convalescence  as  is  practicable. 

The  measures  available  for  the  I'elief  of  the  chronic  cases  may  be  divided 
into  three  classes,  viz.:  physical  therapeutics,  mechanical  therapeutics,  and 
operative  treatment.  Though  all  cases  may  require  at  some  time  during  their 
progress  all  three  of  these  methods  of  treatment,  it  is  more  con^'enient  to  con- 
sider them  separately. 
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Physical  Therapeutics. 

As  early  as  possible  after  soreness  of  the  muscles  has  disappeared  and  the 
febrile  condition  has  entirely  passed,  it  is  proper  to  connnence  with  physical 
measures  of  all  sorts.  The  object  of  such  treatment  is  to  restore  as  great  a 
degree  of  power  in  partially  paralyzed  muscles  as  it  is  possible  to  secure;  to 
keep  up  the  blood  supply  to  the  affected  hmb  to  as  near  that  which  is  required 
for  healthy  functioning  UiUscles  as  is  possible;  to  substitute  for  the  impossible 
active  exercise  of  the  joints,  muscles,  and  tendons  an  amount  of  passive  ex- 
ercise which  shall  in  some  measure  approximate  it;  to  preserve  the  Ijalance 


Fig.  594. — Note  the  Displacement  uf  tlie  Poroneus  Longus  Tendon  over  the  -Ajiterior  Surface  of 
the  Externa!  Malleolus.  The  position  of  the  foot  is  due  to  paralysis  of  the  posterior  calf  muscles. 
Contrast  with  Fig.  595,  which  shows  the  displacement  of  the  posterior  tibial.      (Original.) 

between  opi)Osing  muscle  groujis  as  long  as  pos.sible  by  insisting  upon  motion 
of  joints  in  which  contracture  is  likely  to  occur,  in  order  that  tenotomy  may 
be  forestalled ;  to  prevent  the  development  of  deformities,  which  are  disfigur- 
ing in  themselves  and  cause  permanent  impairment  of  joints  through  inter- 
ference with  their  function.  The  importance  of  utilizing  motion,  however 
slight  it  may  be,  especiall}-  ^^•hen  it  can  be  done  with  the  joints  in  good  posi- 
tion, is  too  little  emphasized.  The  employment  of  all  measures  which  tend 
to  do  this  will  improve  the  ultimate  result  in  a  given  case.  In  patients  in  whom 
the  paralysis  has  selected  certain  gi'oups  of  muscles,  lea^dng  others  intact  or 
nearly  so,  there  is  greater  tendency  to  deformity  than  in  the  case  of  a  total 
jmralysis  of  muscles;  such  conditions  require  extra  effort  to  prevent  deform- 
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ity.  Whoa  (Icfonnity  is  allowd  to  develop,  jinivily  adds  its  iiifiuonoo  to  the 
factors  governing  tlie  production  of  distortion. 

Masmge. — Ma.ssage  is  I  lie  measure  whicli  is  most  employed  in  I  he  treat- 
ment of  infanlile  paralysis.  Its  value  is  great,  hut  it  should  he  continued 
much  longer  than  it  is  generally  practised  if  it  is  to  attain  its  hest  results.  Any 
of  these  pi-ocedures  must  bo  continued  through  the  gromng  period  of  child- 
hood in  order  to  be  most  offoctivo.  The  monotony  of  their  ]3ractice  loads  to 
their  being  given  uj),  as  a  rule,  just  at  a  lime  when  their  greatest  efficiency  is 
being  demonstrated.  Hand  massage  is  all  that  can  usually  he  o])tained,  and 
skilled  .service  of  this  kind  is  oftentimes  impossible  to  procure.  Mechanical 
massage  has  certain  advantages  over  unskilled  hand  massage,  and,  \vhere  the 
latter  cannot  be  carried  out,  mechanical  vibrators  may  be  substituted  with 
much  benefit.  Pendulum  apparatus,  in  the  natiu'e  of  the  Zander  machines, 
is  of  much  a.s.sistance  in  stretching  out  contracting  tendons  as  well  as  in  afford- 
ing a  substitute  for  voluntary  physical  exercise.  In  the  neighborhood  of  the 
large  cities  such  a])i)aratus  is  readily  available  and  should  l)e  persistently 
omploj^ed.  A^'here  it  is  impos.sible  to  have  the  advantages  of  such  apparatus, 
passive  stretching  exercises  carried  out  dailj'  ■will  yield  excellent  results.  Con- 
tractures about  the  feet  and  ankles,  in  the  j.)0];)liteal  i-egion,  and  in  those  tendons 
which  come  from  the  anterior  superior  spines  of  the  ilium  are  the  ones  to  which 
such  measures  are  most  applicable. 

Electricity. — Electricity  has  in  the  jjast  had  the  widest  a]:)plication  of  any 
therapeutic  agent,  with  the  possible  exception  of  massage.  It  has  been  cus- 
tomary to  begin  within  a  few  weeks  after  acute  symptoms  have  ceased,  and 
continue  for  a  yeen-  or  two.  It  is  probable  that  it  accomplishes  a  considerable 
amount  of  good,  but  that  it  is  decidedly  less  beneficial  than  i)orsistent  massage 
and  stretching.  The  principal  benefit  to  be  derived  from  electricity  is  in  the 
stimulation  of  the  individual  muscle  fibres.  A'ery  little  result  is  produced  upon 
the  circulation  of  the  limb  liy  the  use  of  electricity,  and  it  is  the  stimulation 
of  the  circulation  which  has  the  greatest  effect  u])on  the  growth  of  the  part. 

Artificially  Produced  Hyperwmia. — Active  hypera>mia  is  of  much  benefit  in 
infantile  paralysis.  This  is  best  brought  al)out  by  the  application  of  dr}'  heat. 
Some  form  of  heater  which  adapts  itself  to  the  shape  of  the  part  to  be  treated 
should  be  sought,  and  the  entire  affected  limb  subjected  to  heat  for  periods  of 
from  twenty  minutes  to  half  an  hour,  three  or  four  times  i^er  week.  More 
recently,  electric-light  baths  are  being  used  rather  more  extensively  than  the 
heat  of  gas-burners  or  alcohol  lamps.  The  electric  ray  is  thought  to  haiv'e  some 
especial  stimulating  effect  in  addition  to  the  benefit  attributable  to  the  heat. 
"Wliere  neither  of  these  methods  of  applying  heat  is  av^ailable,  a  v^ry  good 
though  less  convenient  substitute  may  be  found  in  the  hot  pack  or  fomenta- 
tion, or  by  baking  in  hot  sand.  The  beneficial  influence  of  this  treatment  upon 
paralyzed  limbs  is  quickly  noticeable  in  the  improvement  of  circulation.     After 
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a  few  treatments  it  is  frequently  noted  that  the  surface  temperature  and  color 
of  tlie  limb  remain  permanently  improved  in  the  intervals  between  treatments. 
Hydrotherapy. — Another  method  of  producing  active  h3^persemia  is  by 
means  of  showers  and  spra}'s  of  water  at  different  degrees  of  temperature  and 
under  varying  degrees  of  pressure.     These  are  often  given  in  conjunction  wth 


Fic.  595. — Note  the  Relation  of  the  Internal  Malleolus  to  the  Back  of  the  Os  Calcis  and  the  Pos- 
terior Tibial  Tendon.  Also  note  the  contracture  of  the  extensor  of  the  great  toe  and  the  prominence 
■of  the  ball  of  the  great  toe,  a  deformity  frequently  associated  with  calcaneus.      (Original.) 

the  application  of  heat.  The  applications  are  more  efficacious  the  more  per- 
fect are  the  appliances  for  liringing  aljout  the  treatment,  but  the  same  effects 
may  be  secured  by  homely  methods  and  without  expensive  paraphernalia. 


Mechanical    Trkatmkxt. 

Apparatus  is  employed  in  the  treatment  of  anterior  poliomyelitis  to 
prevent  contractures  and  consecjuent  deformity  and  to  enable  such  joints 
as  the  ankle  and  knee  to  be  properly  supjiorted  in  order  that  the  func- 
tion of  the  leg  may  not  be  more  seriously  impaired  than  is  made  necessary 
by  the  loss  of  power  in  the  muscles  which  under  normal  conditions  control 
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motion.  The  tendency  has  been  to  ai)iily  ii|)paiatu.s  in  these  cases  very 
early,  not  waiting,  oftentimes,  for  the  evidence  of  contractures  and  deformity. 
The  joints  most  fretiuently  concerned  are  those  of  the  ankle,  knee,  and  hip. 
Occasionally  the  spine  requires  mechanical  suppoi't.  Apparatus  should  not  be 
ai)piicd  until  there  is  evidence  of  (he  development  of  deformity  when  weight 
is  borne;  it  being  assumed,  of  course,  that  the  measures  already  prescribed  for 
the  purpose  of  overcoming  contractures  have  been  followed  out  faithfully, 
though  ineffectually.  If  apparatus  is  put  on  too  soon,  there  is  much  less  likeli- 
JKKid  thai  weak  muscles  will  have  a  good  chance  to  develop  to  the  fullest, 
extent;  and  function,  that  most  important  factor  in  growth  and  development, 
will  lie  interfered  with.  Patients  should,  therefore,  be  seen  often  enough  tO' 
rendci'  it  certain  that  those  who  are  responsible  for  carrying  out  treatment  are 
kept  up  to  tlu'ir  task  and  that  the  monotony  of  this  routine  is  varied  as  much 
as  may  be  by  the  addition  of  new  exercises  and  the  modification  of  old  ones, 
and  also  to  satisfy  one's  self  that  the  time  for  the  application  of  ajjparatus  has. 
not  arrived.  Contractures  develop  because  of  the  lack  of  balance  between  the 
stronger  and  weaker  mu.scle  groups,  and  the  mere  fact  that  one  strong  group 
is  pulling  constantly  against  a  weak  one  tends  to  make  the  weak  one  weaker. 
There  may  be  considerable  power  left  under  such  circumstances  in  a  muscle 
which  is  seemingly  wholly  jjai-alyzed.  Tenotomy  or  the  use  of  apparatus  so 
constructed  as  to  relieve  tension  between  unbalanced  muscle  groups  will  often- 
times restore  power  in  part  to  a  seemingly  paralyzed  muscle.  The  non-par- 
alyzed muscle  which  is  responsible  for  the  overbalancing  becomes  eventually 
much  weakened  because  of  the  physiological  disadvantage  under  which  it  is 
laboring.  Though  the  recognition  of  these  facts  is  of  greater  significance  in 
planning  operative  treatment,  it  is  of  considerable  impoj  tance  in  enabling  one 
to  decide  upon  the  proper  time  for  commencing  mechanical  treatment. 

In  ]iaralyses  affecting  the  muscles  of  the  calf,  plaster  of  Paris  is  frequently 
employed  with  advantage,  especially  in  the  early  stages  of  an  equinus.  If 
manual  stretching  can  overcome  the  tendency  to  plantar  flexion,  the  foot  may 
be  encased  in  plaster  in  a  jjosition  of  as  gieat  dorsiflexion  as  can  be  obtained. 
In  such  cases  the  plaster-of-Paris  sjjlint  should  be  made  heavy  enough  for  the 
patient  to  walk  upon,  and  walking  should  be  encouraged.  By  changing 
the  plaster  at  frequent  intervals  it  is  often  possible  to  keep  the  contracture 
uiuler  control  and  prevent  permanent  deformity.  Eventually,  this  may  be 
changed  to  a  Taylor  club-foot  shoe,  such  as  is  shown  in  Fig.  596.  In  the 
reverse  deformity,  viz.,  calcaneus,  the  same  treatment  is  applicable,  though 
with  less  likehhood  of  a  permanently  successful  result,  for  the  pull  of  the 
flexors  is  then  harder  to  antagonize  than  that  of  the  extensors.  Wlien  varus  is 
combined  with  equinus,  and  the  Taylor  shoe  is  employed  to  correct  it,  the  up- 
right of  the  brace  should  be  on  the  inside  of  the  leg,  and  there  should  be  a. 
right-angled  stop-joint  at  the  ankle  so  arranged  as  to  prevent  plantar  flexion 
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of  the  foot,  but  permitting  dorsiflexion.  The  foot-{)latc  of  the  brace  should  be 
tilted  so  as  to  throw  the  foot  into  a  position  of  valgus.  If  valgus  complicates 
the  equinus,  the  upright  should  be  on  the  outside  of  the  leg  and  the  arrange- 
ment of  the  stop-joint  should  be  the  same  and  the  foot-plate  should  be  so  tilted 
as  to  throw  the  foot  into  a  varus  ])osition.  Wien  calcaneus  is  the  deformity, 
the  upright  should  he  an  outside  one  when  A-algus  is  the  complicating  deform- 
ity; and  it  should  be  placetl  uiion  the  inside  when  it  is  varus,  l)Ut  the  stop 
should  be  reversed  so  that  dorsiflexion  will  be  i)rohil)ited  and  plantar  flexion 


I'lG.  596. — Brace  for  Talipes  Equino-varus.  The  sole-plate  does  not  show.  The  foot  is  held 
on  this  plate  by  the  straps  which  cross  the  dorsum  of  the  foot.  There  i.s  a  right-angled  stop-joint  to 
pre\-ent  plantar  flexion.     This  is  the  type  of  brace  used  for  talipes  e<iiiino-varus.      (Original.) 


be  allowed.  Such  a  brace  as  this  is  easily  constructed,  and  measurement 
for  it  is  not  particularly  diflRcult.  A  sole-piece  should  be  cut  out  of  leather 
board  the  width  of  the  foot  and  long  enough  to  extend  from  the  metatarso- 
phalangeal articulations  to  the  back  of  the  heel.  The  distance  from  the  sole 
to  the  malleolus,  outer  or  inner,  according  to  whether  it  is  to  be  a  varus  or  a 
valgus  shoe,  should  then  be  recorded,  and  a  measurement  should  also  be  made 
of  the  distance  from  the  sole  to  the  top  of  the  splint,  which  is  just  below  the 
knee  joint  at  the  maximum  circumference  of  the  calf.  The  circumference  of 
the  calf  at   this  point  .should  then  be  measured.     From  the.se  measurements 
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any  compotcnt  instrument  iniikcr  .sliould  be  able  to  construct  a  satisfactory 
brace.     The  position  of  the  stop  in  the  ankle  joint  should  also  be  indicated. 

In  cases  of  pes  cavus  the  employment  of  apparatus  is  often  called  for.  In 
tliis  deformity  flexion  of  the  jiroximal  phalanges  causes  the  weight  to  lie  borne 
unduly  ujion  the  balls  of  the  toes.  The  result  of  this  is  that  calluses  develop 
in  this  situation  and  on  the  to])s  of  the  toes  where  the  distal  end  of  the  proxi- 
mal phalanx  meets  the  proximal  end  of  the  second  ]ihalanx.  Plates  similar 
to  those  employed  in  tlio  iclief  of  llat-foot,  particularly  the  type  affecting  the 
anterior  arch,  lift  the  weiglit  off  llicsc  joints,  cause  the  calluses  to  disappear 
in  some  cases,  and  tend  to  extend  the  second  uijon  the  tliii'd  [ihalanges  to  a 
slight  degree.  Such  supports  should  be  fashioned  over  a  plaster  cast  of  the 
foot  and  require  rather  nice  adjustment. 

Wlien  jiai-alysis  of  the  lower  leg  is  accompanied  l)y  loss  of  i)ower  in  the 
extensor  muscles  of  the  thigh  to  such  a  degree  that  flexion  of  the  leg  cannot  be 
prevented  when  weight  is  borne  upon  the  extended  limb,  then  an  apparatus 
must  be  devised  which  extends  from  where  the  Taylor  brace  for  paralysis  of 
the  lower  leg  ends,  up  to  the  pelvis.  It  has  to  he  a  nuich  stronger  and  therefore 
heavier  piece  of  apparatus.  It  is  made  with  a  "drop-catch"  joint  at  the  knee, 
permitting  of  easy  unlocking  of  the  joint  when  the  patient  desires  to  sit  down, 
and  locking  of  it  in  the  extended  position  of  the  leg  when  he  desires  to  stand 
or  walk.  Above  the  knee  to  the  level  of  the  perineum  and  below  the  knee  to 
the  calf-band  of  the  leg-piece  of  the  Taylor  clulvfoot  shoe  there  are  two  uprights. 
From  the  top  of  the  thigh-band,  which  is  located  at  about  one  inch  and  a  half 
below  the  line  of  the  perineum,  there  is  only  one  upright,  on  the  outer  side  of 
the  thigh;  this  continues  as  far  as  the  greater  trochanter,  where  there  is  a  free 
joint,  and  from  there  it  is  pi'olonged  to  a  short  pelvic  band  attached  by  a  free 
joint  to  the  top  of  this  upright  at  the  level  of  the  anterior  superior  spine  of  the 
ilium.  The  ends  of  the  pehac  band  are  joined  by  a  strap  encircling  the  body 
at  this  level  and  buckled  into  the  ends  of  the  pelvic  band.  In  cases  of  paraly- 
sis of  both  thighs  and  both  legs  such  an  apparatus  as  that  just  described 
is  made  for  each  leg.  Though  heavy  and  cumbersome,  it  is  possible  by  its 
use  to  enable  patients  to  get  aljout  A\-ho  otherwise  would  be  helpless.  They 
commonly  have  to  use  crutches  also.  It  would,  of  course,  be  impossible  to  use 
such  apparatus  upon  patients  in  whom  there  was  much  deformity.  For  exam- 
\)\e,  marked  contractures  of  the  muscles  having  their  origin  at  the  anterior 
superior  spines  or  of  the  hamstrings  or  of  the  tendo  Achillis,  or  any  very  marked 
degree  of  Icnock-lcnee,  would  contra-indicate  the  use  of  such  braces  imtil  these 
€ontractui-es  had  been  overcome. 

A  rarer  deformity  at  the  knee  is  genu  recurvatum,  and  this  may  require 
mechanical  treatment.  The  problem  in  this  condition  is  to  prevent  hyper- 
extension  of  the  leg  at  the  knee,  and  a  simpler  form  of  apparatus  than  that 
just  described  will  suffice  in  such  cases.    Paralysis  of  the  lower  leg  is  not  so 
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ooniinonly  associated  with  jiaralytif  genu  recur\-atuiii.  Tlie  essential  ])i-inciple 
in  the  construetion  of  apparatus  suitable  i'oi'  controlling  this  deforniit\'  is  the 
arrangement  of  the  str-ai)s  and  jjressure  pads  in  such  a  manner  that  the  leg 
■cannot  extend  beyond  the  ]ioint  of  complete  extension.  Leather  leg  splints 
may  be  made  to  answer  this  purpose  wliere  it  is  impossible  to  secure  the  ser- 
vices of  an  expert  instrument  maker.  A  i)last('r  cast  of  the  leg  taken  in  an 
•extended  position  should  lie  made  to  .■■ierve  as  a  model  for  the  construction  of 
a  leather  s])lint,  which  could  lie  cut  in  two  at  the  knee  joint,  and  any  black- 
smith should  lie  able  to  attach  two  side  steels  with  a  simple  joint  which  could 
be  .stopped  at  complete  extension.  Tiie  construction  of  infantik'  apparatus 
which  extends  from  the  .sole  to  the  ]ielvis  ivcjuii-es  the  ser\-ices  of  an  expert 
mechanician,  and  unless  pni|ierl}-  constructed  and  carefully  fitted  it  is  often- 
times a  very  unsatisfactory  suijjiort. 

Braces  to  sujiport  the  jiaralytic  spine  are  practically  always  constructed 
■on  the  principle*  of  the  jacket,  usually  made  of  leather.  Occasionally  alumi- 
num or  ])a|H'i-  lias  been  employed  in  their  construction.  They  are  moulded 
■over  a  ])laster  toi-so  of  the  in(H\i(hial,  in  the  making  of  Mhich  correction  has 
iDeen  made  to  as  great  a  degree  as  possible.  Paralytic  scoliosis  is  of  an  extreme 
type,  as  a  rule,  but  by  extension  of  the  trunk  while  the  model  is  being  taken, 
and  by  .shaving  off  parts  of  the  torso  after  the  mould  has  been  tilled,  consider- 
able correction  of  the  deformity  as  shown  on  the  model  may  be  elf'ected.  A 
leather  jacket  built  over  sucli  a  corrected  toi-.^n  Mill  hold  the  ])alu'nt  in  a 
much  better  ])osition  than  liis  own  muscular  effnrt  is  cajiable  of  doing,  and 
thus  it  is  po.ssible  to  ])re\ent,  in  a  measure,  the  structural  osseous  changes 
Avhich  jiersistence  in  fault}-  po.sition  is  likely  to  induce  in  spines  affected  in 
this  way. 

\evy  many  times  these  spinal  paralyses  are  associated  with  complete  paraly- 
sis of  the  lowei-  limbs,  and  it  is  necessary  to  combine  the  long  infantile  leg  appa- 
ratus with  a  leather  jacket,  attaching  tlie  two  to  each  other  as  one  apparatus. 
Even  in  these  extreme  cases,  b_\-  the  u.se  of  such  appai'atus,  aided  by  crutches, 
these  patients  are  gotten  into  such  a  condition  that  they  can  move  alxuit  to 
some  extent.  Appaiatus  is  laidy  necessaiy  in  jiaralysis  of  this  nature  in  the 
upper  extremities  fiecau.se  such  pai-alyses  are  more  rare  than  in  the  lower  limbs, 
because  tiuy  aie  usually  unilalcral.  and  also  Ix'cause  the  iluties  usually  per- 
fi)rmed  by  (Hie  h;uid  are  easih'  assumed  by  the  other.  Palmar  s])lints  to  pre- 
vent flexion  of  tlie  wrist  and  flexion  of  the  fingers  are  constructed  of  wire  and 
tin  so  arranged  that  each  finger  has  its  own  sepai'ate  compartment.  Being 
made  of  wire  it  is  possible  to  bend  them  to  suit  conditions  as  they  change.  In 
the  rare  ca.ses  in  which  theie  is  loss  of  power  in  the  ceivical  muscles  and  the 
head  has  no  supjiort,  wiic  chinrests,  such  as  have  l;een  devised  for  the  support 
of  the  head  in  high  tloisal  and  cervical  Pott's  disease,  or  the  simply  constructed 

Thomas  collar,  aie  adecjuatc  for  this  jnupose.     A  Thomas  collar  is  readily  made 
vol..  IV. — .53 
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by  \\iiKling  oakum  wiili  ,i;auzc  handaLM'S,  inakiuf;-  tlic  oakum  thickest  under  the 
inferior  niaxilLa  and  taperinjr  it  olT  tliin  at  the  i)aek  of  the  neek  where  it 
I'listens. 

OfKHATIVK    Tlil'.ATMENT. 

In  operative  ticatment  we  liave  to  consider  a  great  variety  of  procedures; 
some  of  them  concern  the  tendons,  some  tlie  nniscles,  some  the  nerves,  and 
others  the  joints.  A  good  i)art  of  the  surgical  interference  in  these  cc editions 
is  undertaken  to  correct  deformity;  other  operations  have  for  their  purpose 
the  improvement  of  function  hy  k'ssening  deformity  or  by  securing  lietter 
meciianical  attaclnnents  for  non-paralyzed  muscles.  The  time  for  the  per- 
formance of  these  various  o])erations  is  to  be  determined  only  through  the 
exercise  of  a  considei-able  degiee  of  judgment.  Patients  are  generally  l)rought 
to  the  surgeon  either  too  early  for  operation  or  without  having  had  sufficient 
conservative  treatment  to  tletermine  whether  operation  is  really  necessary  or 
not.  They  come,  ha\-ing  been  prepared  for  the  suggestion  of  operation  and 
having  been  led  to  think  that  conservatism  ha.s  nothing  further  to  offer. 
The  kind  of  conservative  treatment  which  has  generally  Ijeen  adoi)ted  in  these 
ca.ses  con.sists  in  the  unskilled  application  of  electricity  and  nibbing  through- 
out a  period  of  six  months  oi-  a  year.  With  such  a  frame  of  mind  established 
in  the  patient  or  his  parents,  it  is  easy  to  rush  into  an  ill-considered  oj3eration. 
The  error  in  judgment  ma}-  concern  the  proper  time  for  inteiference  or  the  most 
appropriate  procedure.  If  pioper  ])reliminary  treatment  has  been  followed, 
many  of  the  prol>lems  in  connection  with  treatment  will  solve  themselves. 
Tendon  transplantations  are  not  as  satisfactory  when  performed  in  early  child- 
hood as  they  are  when  deferred  until  the  tenth  year  at  least.  As  a  general 
rule,  if  deformity  can  be  prevented  or  minimized  during  the  growing  period 
(from  the  fifth  to  the  twelfth  or  fourteenth  yeai),  the  patient  will  have  suffi- 
cient strength  to  handle  him.self  fairly  well.  After  this  jjeriod  weight  is  likely 
to  increase  in  a  latio  out  of  proportion  to  muscular  strength.  Therefore,  at 
this  time  oj^erations,  the  jnn-pose  of  which  is  to  render  the  equilibrium  of  the 
paralyzed  liml)  more  stable  or  to  transfer  musculai'  energj-  in  such  manner  as 
to  make  the  i-emaining  power  more  available  for  function,  ha^■e  their  greatest 
likelihood  of  success.  The  determination  of  when  and  how  to  interfere  must  be 
a  matter  to  be  decided  for  each  individual  case,  but  must  not  be  entered  into 
inconsiderately,  because  much  of  the  failure  which  has  attended  the  operative 
treatment  of  infantile  paralysis  and  its  deformities  has  been  due  to  such  ill- 
considered  interference. 

Tenotomy. — Tenotomy  is  the  simplest  of  the  operative  procedures  employed 
in  the  treatment  of  anterior  poHomyelitis.  It  is  performed  for  the  purpose  of 
correcting  deformity  and  to  i-elieve  the  tension  upon  contracting  tendons  whose 
muscle  fibres  are  not  wholly  paralyzed,  but  are  overbalanced  by  their  antag- 
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onist  muscles  and  ai-e  in  danger  of  being  conipleteh-  paralyzed  because  of  the 
extra  stress  under  which  they  are  laboring.  It  is  not  uncommon  to  witness 
considcralile  restoration  of  ])Ower  in  such  muscles  after  tension  is  relieved  by 
lengthening  their  tendons  through  tenotomy.  This  (ipcration  is  performed 
most  freciucntly  upon  the  tendo  Achillis,  the  liamstrings,  both  internal  and 
external,  upon  the  tendons  which  take  their  origin  fiom  the  anterior  supe- 
rior spines  of  the  ilium  and  upon  those  of  the  tensor  vaginic  femoris  and  the 
adductors.  It  may  be  accomplished  by  the  subcutaneous  method  or  by  open 
incision.  In  the  I'egion  of  the  tensor  vagina'  femoi'is  and  tlu'  antei'ior  supci-ior 
spine  it  shoidd  alwaj's  be  done  through  an  open  incision.  When  the  adduc- 
tors are  divided  it  is  also  best  accomplished  in  this  way.  As  a  matter  of  fact, 
these  last  tendons  are  mu.scular  almost  up  to  the  point  where  they  are  in.serted 
into  the  ])ubic  bone,  and  consecjuently  one  usually  jierforms  a  myotomy  when 
dividing  such  tendons.  The  hamstrings,  particularly  the  biceps  femoris.  had 
best  be  .seen  before  the}'  are  diviiletl,  becau.se  of  the  proximity  of  important 
nerves  and  vessels.  The  tendon  of  the  biceps  is  very  intimately  related  to  the 
peroneal  nerve,  and  paralysis  of  the  nniscles  supplied  by  that  nerve  is  ahvays 
a  serious  mattei-,  and  would  be  particularly  so  if  its  nuiscidar  su|i]ily  were  the 
only  muscular  tissue  left  intact  after  an  attack  of  anterior  poliomyelitis.  In 
lengthening  the  tendo  Achillis,  .simple  division  of  the  tendon  by  subcutaneous 
incision  gives  as  good  results  in  the  majorit}'  of  cases  as  the  more  pretentious 
operations.  Orthopedic  surgery  passed  out  of  the  limitations  im]:)Osed  ui)on 
it  when  it  Avas  purelj^  the  art  of  treating  deformity  by  means  of  mechanical 
devices,  after  Stromeyer  introduced  the  operation  of  subcutaneous  tenotomy. 
This  was  first  performed  upon  the  tendo  Achillis.  A\'hen  a  tendon  is  divided 
in  this  way,  even  though  the  separation  which  is  secured  between  the  ends  of 
the  tendon  amounts  to  an  inch  or  more,  prohferation  of  the  c()nnecti\'e-ti.ssue 
cells  in  the  sheath  of  the  tendon  soon  bridges  over  the  gap,  forming  a  trellis 
upon  which  the  more  slowly  growing  tendon  soon  follows.  In  paralytic  cases 
the  repair  is  not  so  rapid  as  in  non-paiah'tic  cases,  but  firm  union  is  invariably 
the  rule.  In  order  to  make  tenotomy  a  more  surgical  procedure  and  to  avoid 
the  necessity  for  a  complete  division  of  the  tendon,  various  modifications  of 
subcutaneous  section  of  a  tendon  have  been  devised.  AMllett  has  ])erfected 
an  operation  for  tendon  lengthening  in  which  he  makes  a  Z-shapetl  incision  in 
the  tendon,  and  slides  the  two  jjortions  jiast  each  other  to  whatever  extent  is 
necessary  to  coi-rect  ])lantar  flexion  of  the  foot.  The  tendon  in  this  ca.se  is 
sutured  with  silk  or  catgut  sutures.  The  Z-shaped  incision  may  be  made  from 
within  outward  (i.e.,  from  in  front  backward)  on  the  tendon  or  from  side  to 
side.  One  of  the  principal  cautions  to  be  observed  in  jierforming  this  operation 
is  to  avoiil  having  the  skin  incision  come  over  the  line  of  suture  in  the  tendon. 
If  a  subcutaneous  skin  suture  is  u.sed,  j^rotrusion  of  the  tendon  sutures  through 
the  skin  wound  will  lie  prevented,  and  thus  infection  of  these  deeper  .sutures 
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may  l)o  avoided.  If  tlicydo  hccniiic  iiifrclcd,  (lie  suliiic  will  cillu'r  sloiifj;!!  out 
itself  or  will  li;n'c  In  he  iciii(i\cd.  in  ^ttww  cases  gi'ciU  piolil'ei'ation  of  the  ten- 
don sheatli  ;il  llie  poini  of  siM-lion  leads  to  the  formation  of  a  tendcjn  callus, 
wiiich  is  mole  or  less  |i;iinlul  lor  a  consider.'iMe  lime  and  interferes  with  the 
wearing  of  a  shoe  l)ecause  it  is  jiressed  upon  liv  the  upper  of  the  shoe. 

There  has  also  heen  devised  a  suheulaneous  leiiglhening  operation  in  whieli 
the  tendon  is  not  di\ided  all  the  way  across;  hut  this  results  in  the  formation 
of  (|uite  a  tenilinous  knot,  whei'e  the  turning  hack  of  the  tendon  upon  itself 
takes  ))lace,  and  has  no  adNantage  o\'er  olhci-  niclhods. 

Aftei'  tenotomy  the  parts  should  be  kept  fixed  in  phistei-  of  Paris  for  from 
three  to  six  Weeks  in  order  to  allow  the  new  tendon  to  lorm. 

TcNihin  Tirmsplantatioii. — Since  XicoJadoni's  early  work  upon  the  trans- 
feri'ence  of  the  j)ower  of  a  functionally  active  muscle  to  the  tendinous  insertion 
of  a  more  or  less  coni])lefely  ])aralyzed  one,  great  advances  have  been  made  in 
the  ti-eatment  of  jiaralyses  due  to  anteiioi-  poliomyelitis.  A'arious  modifiea- 
tions  of  liis  method  ha\-e  bi'cn  made  from  time  to  time,  liut  they  have  Ix'en 
concerned  chiefly  with  the  techniiiue  of  the  operation  and  not  with  the  funda- 
mental ])rinciples  underlying  tendon  transfei'rence.  As  has  been  the  case  with 
every  method  which  has  really  marked  an  atlvance  in  the  practice  of  surgery, 
tendon  transplantation  has  been  ad^•ocated  and  practised  for  the  relief  of  con- 
ditions for  which  it  was  an  entirely  inadequate  procedure.  In  consecjuence  of 
this,  the  operation  has  fallen  into  disrepute  among  many  o])eratoi's.  It  finds 
its  most  successful  application  in  the  paralyses  of  the  lower  leg,  and  to  a  lesser 
degree  in  those  of  the  extensors  of  the  thigh.  The  two  methods  now  most 
extensively  practised  are  the  tendon-to-tendon,  oi-  indirect,  method  (under 
which  there  are  several  minor  technical  modifications),  and  the  direct  sub- 
periosteal implantation.  The  first  of  these  methods  is  now  most  strongly  advo- 
cated by  Vidpius,  and  the  second  is  known  as  Lange's  method.  The  accom- 
panying illustrations  demonstrate  the  modifications  of  the  indirect  method. 
(Figs.  597  to  612.)  The  factoi-s  which  militate  most  strongly  against  the  suc- 
cess of  the  indirect  method  are:  failui'e  comj)letely  to  overcorrect  deformity 
before  undertaking  an  operation,  and,  secondly,  making  the  transplantation 
under  too  great  or  too  slight  tension.  If  tension  is  too  great,  the  sutures  may 
cut  out,  or,  if  they  hokl,  the  transplanted  nuiscle  may  not  be  able  to  act  prop- 
erly because  overstretched:  on  the  other  hand,  if  too  slight  a  tension  is  applied, 
then  the  transplanted  nuiscle  will  use  u])  the  most  effective  part  of  its  con- 
tractility in  taking  up  its  own  .slack.  .  In  the  direct  or  Lange's  method,  there  is 
greater  liability  to  sepsis  and  sloughing.  The  mechanical  advantage,  however, 
is  generally  greatly  in  favor  of  the  direct  method.  Still  another  cause  for  lack 
of  success  noted  in  both  methods  is  attributable  to  a  failure  to  devote  time 
enough  and  attention  enough  to  the  after-care.  Too  eai'ly  use  of  the  limb 
unaided  bj'  apj^aratus  is  permitted  in  man.y  cases. 
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Paralytic  valgus  deformity  is  generalh-  clue  to  a  loss  of  i)ower  in  the  ante- 
rioi'  tibial  group  of  luusoles,  more  especiall}-  in  the  tibialis  anticus  itself.  (Figs. 
(U3  and  614.)  In  many  such  cases  the  conunon  extensor  is  intact  and  often- 
times the  long  extensor  of  the  great  toe  is  ])ossessed  of  its  full  power.  The 
ability  to  extend  the  toes  is  of  relatively  small  im])ortance  functionally,  as  com- 
pai'ed  with  the  power  to  prevent  abduction  of  the  foot  at  the  medio-tarsal 


Fig.  397. 


Fig.  599. 


Fig.  goo. 


Ill  w  « 


Fig.  GOI. 


Fig.  G02. 


FiG.s.  597-602. — Different  Methods  of  Tendon  Transjilantation.  (Vulpius.)  Tlie  arrows  in 
the.se  cuts  and  in  Figs.  603-612  indicate  the  direction  in  wliich  the  muscular  power  is  transmitted. 
In  this  and  the  two  following  groups  of  diagrams  the  non-paralyzed  muscle  ami  tendon  (the  donor) 
are  imiformly  left  unshaded,  wliile  the  paralyzed  muscle  and  tendon  (the  receiver)  are  shaded. 

joint.  Good  results,  therefore,  will  follow  the  insertion  of  the  two  inner  divi- 
sions of  the  common  extensor  tendon  into  a  slit  in  the  tendon  of  the  tibialis 
anticus.  (Vide  Figs.  (503,  6U4,  605.)  Sometimes  the  tendon  of  the  exten.sor 
longus  hallucis  may  be  used  to  reinforce  the  common  extensors  in  their  task. 

A  preliminary  step  in  this  ojjeration  should  be  the  overcorrection  of  any 
valgus  deformity  and  the  retention  of  the  corrected  foot  in  plaster  of  Paris  for 
a  sufficientlv  long  time  to  insure  a  thorough  stretching  out  of  the  non-paralyzed 
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tendons.  If  this  has  been  afpnm])lishe(l,  there  sliould  be  l)ut  little  tendency 
to  i-ecuiicnce  of  the  deformity  upon  removal  of  the  cast.  Then  transferrence 
of  tlie  tendon  should  be  done  in  such  a  manner  that  the  tendon  supplying  the 


.'■■A 


Via.  60.3.  Fig.  604.  Fig.  605, 

Figs.  603-605. — Different  Methods  of  Tendon  Transplantation,      (^■nlplus.) 

power  shoukl  not  be  obliged  to  ]>ull  at  any  greater  angle  than  is  absolutely 
neces.sary.  The  implantation  shoukl  ])e  made  under  just  sufficient  tension 
to  produce  a  slight  amount  of  pull  when  the  foot  is  held  in  a  slightly  overcor- 


1 


if 


--Sutures. 


Fig.  606. — A  Simple  Method  of  Attaching  one  Tendon  to  -Another.  At  a  the  surfaces  of  the 
two  tendons  are  fresliened  and  then  they  are  made  to  unite  at  these  points  by  means  of  suture*  (6). 
(Vulpius.) 

rected  position.  Care  should  be  exercised  to  cover  in  this  tendon  by  a  sheath 
of  its  ovm.  Silk  or  catgut  prepared  in  some  way  to  render  it  a  little  more  non- 
absorbable than  the  untreated  gut  may  be  used  in  attaching  the  tendons  to 
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each  other.  Sometimes  a  side-to-side,  l)ut  more  commonly  a  through-and- 
through,  attachment  is  made.  Aijsokite  asepsis  is  essential  to  success.  A 
plaster-of-Paris  splint  appHed  over  a  sterile  dressing,  holding  the  foot  in  a 
slightly  overcorrected  position,  should  be  kept  on  for  five  or  six  A\eeks,  and 
should  then  be  succeeded  by  a  Taylor  club-foot  shoe,  with  the  foot-plate  thrown 
up  so  that  the  foot  is  inclined  toward  varus.  This  can  be  removed  for  a  time 
each  day,  and,  during  this  interval,  massage,  muscle  training,  and  hydrotherapy 


Fig.  607 


Fig.  GOS. 


Fig.  609. 


Fig.  610. 


Fig.  611 


Fig.  61-- 


FiGS.  607-612. — Diagrams  Sliowing  a  Variety  of  Ways  in  which  tlie  Power  of  a  Normal  Tendon 
may  be  in  Part  Transferred  to  one  tliat  has  Lost  its  Power.      (Wilpius.) 


should  be  practised.  The  splint  and  this  routine  of  treatment  should  be  con- 
tinued for  from  six  months  to  a  year  after  the  operation.  The  patient  bears 
weight  on  the  splint  unaided  by  crutches.  After  the  omission  of  the  splint  it 
is  better  to  wear  a  Thomas  lift  of  a  quarter  of  an  inch  on  the  inner  border  of 
the  heel  and  sole  as  a  regular  addition  to  the  .shoe.  The  inner  half  of  the  tendo 
Achillis  may  be  directly  implanted  by  the  subperiosteal  method  to  correct  the 
valgus  tendency.  The  tendon  of  the  posterior  tibial  may  be  u.^ed  in  a  .similar 
manner.     Tendons  of  similar  function  to  that  of  the  paralyzed  one  should 
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ahviiys  l)C'  used  Mliere  possil)l(>.  Tlic  ciiiijluyiucntul'  cxtouHors  to  do  tlit- work  of 
flexors  is  not  generally  successful.  Tliis  is  due  in  part  to  the  fact  that  extensors 
are  usually  not  as  strong  as  Hexors  and  dnulitlcss  in  part  to  the  mental  training — ■ 
wliicli  has  hecn  cif  an  unconscious  nature,  to  be  sure — that  comes  from  tlie  long 
performance  of  the  sj)ecific  actions  to  which  they  have  been  trained.  It  is  for 
tiiis  rea.wn  that  muscle  training  should  lie  a  part  of  the  after-treatment  in  all 
cases  of  tendon  transferrence,  and  it  has  been  obsciM-d  that  \vheii  this  ti'aining 
has  l)een  associatetl  with  the  making  of  the  same  voluntaj-y  motions  of  the  sound 


FiG.  61.3. — Conrlition  of  the  Feet  Before  Operation.  This  cut  show.s  the  exaggerated  calcaneo- 
valgu.s  produced  by  voluntary  effort  to  flex  tlie  foot  dorsally.  Tlie  anterior  tibial  inu.scle  is  paralyzed, 
and  the  unopposed  common  extensors  pvdl  the  foot  into  a  valgus  position.  The  same  position  is 
assumed  wlien  weiglit  is  borne.      (Original.) 

side,  thus  co-ordinating  the  same  groujxs  of  muscles,  the  results  obtained  have 
been  more  satisfactory. 

In  the  ti-eatment  of  valgus  and  varus  by  tendon  transplantation  it  is  fre- 
quently necessary  to  lengthen  the  tendo  AchilHs  in  order  to  be  able  to  correct 
the  deformity;  this  is,  of  course,  a  preliminary  step  to  the  operation  of  tendon 
grafting.  In  paralysis  of  the  jjosterioi-  calf  muscles,  causing  calcaneus  as  the 
primary  deformity,  with  either  varus  or  valgus  as  a  contributory  factor,  it  is 
not  uncommon  for  the  peroneals  to  be  left  intact,  and  they  may,  one  or  both, 
be  in.scrted  into  the  tendo  Achillis  with  a  steadying  effect  upon  the  balance  of 
the  foot.     It  is  not  fair  to  expect  anything  mor^  than  this  from  the  employ- 
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nicnt  of  this  grouji  of  muscles.  One  of  the  most  satisfactory  tendon  grafts  -.vith 
which  the  writer  has  had  experience  has  been  the  transferrence  of  a  part  of  the 
tendon  of  the  tibialis  anticus  into  the  tendons  of  tlie  common  extensor,  in  order 
to  correct  vaius  deformity.  The  tibialis  anticus  is  a  broad  strong  tendon  when 
its  nuiscle  is  not  paralyzed,  and  its  jiower  may  with  advantage  be  divided  under 
.■^uch  circumstances. 

In  the  region  of  the  knee  joint,  Lange,  who  has  devised  the  subperiosteal 
transplantation,  has  u.sed  silk  fur  transmitting  the  i>ower  of  the  thigh  muscles 
to  a  distance;  he  makes  the  silk  strands  act  as  a  sort  of  trellis  over  which  the 
tendon  may  grow,  thus  eventually  covering  in  the  gap  that  exists  between  the 
thigh  and  the  calf.     This  was  found  to  be  necessary  when  trying  to  utilize  the 


Fig.   614. — Condition  of  the  Feet  After  Operation   (Tendon  Transplantation  and  Arthrode.sis.) 
Sliows  diminution  in  valgus  over  that  shown  in  Fig.  613.     (Original.) 


biceijs  femoiis  or  the  inner  hamstrings  to  t;ike  the  jjlace  of  the  paralyzed  cjuad- 
riceijs  extensor.  Their  tendons  are  not  long  enough  to  be  brought  u])  on  the 
front  of  the  thigh  and  inserted  into  the  patellar  tendon;  so  silk  has  been  used  to 
connect  them  over  the  front  of  the  knee  with  the  tibial  tubercle.  In  some  cases  the 
sartorius  is  left  when  no  other  thigh  muscle  is  available  for  transplantation.  Its 
origin  in  the  cord  is  higher  than  the  usual  seat  of  inflammation,  so  that  it  is 
frequently  spared  when  all  other  muscles  are  affected.  Though  its  function 
is  primarily  that  of  a  flexor,  it  can  be  trained  to  do  good  service  as  an  extensor 
when  a  proper  direction  and  firm  attachment  can  be  secured.  In  some  cases 
it  is  efficient  enough  actually  to  extend  the  leg;  in  others  it  will  serve  only  to 
steady  the  knee  and  prevent  l)uckling  of  the  leg,  to  avoid  which,  if  no  appa- 
ratus is  used,  the  patients  are  obliged  to  keep  the  hand  pressed  upon  the  knee. 
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It  is  (liliicult  sdiiioliincs  Id  i-ccojiiiizc  tlic  siirturius  in  these  piirulytic  casps  at 
llu'  j)(iiiit  mIktc  the  iiiiisclc  lias  In  he  cxpuscil  for  transj)lantati(iii.  It  is  dis- 
placed in  these  cases  a  ,i;- I  deal  and  \nnk>  like  llie  gracilis.      l'>y  putting  the 

hand  upon  the  anterior  superior  s|iinc  and  pulling  upon  the  lower  end  of  the 
sartorius,  it  eanl)e  demonstrated  that  it  is  attached  to  the  anterior  spine  of  the 
ilium.  It  is  iiii])ortaiit,  in  effecting  this  particular  transplantation,  to  know 
if  the  muscle  is  ciualitatively  strong,  and  resort  is  often  had  to  an  examination 
of  the  substance  of  the  muscle  in  order  to  .see  if  it  is  of  good  coloi-  and  if  it 


Fig.  615. — Thi.s  Cut   lUu.stratcs  the  C'alcaneo-valgus  Position  when  tlae  Weiglit  is  not  Borne  and 
Before  an  Operation  for  its  Relief  has  been  Performed.      (Original.) 


responds  to  mechanical  irritation.     This  test  may  be  utilized  with  advantage 
in  other  muscles  where  transplantation  is  contemplated. 

In  the  upper  extremity  very  iew  transplantations  are  practised  for  ante- 
rior poliomyelitis.  In  paralysis  of  the  deltoid,  Hoffa  has  effected  transplan- 
tation of  a  portion  of  the  trapezius,  which  has  improved  the  contour  of 
the  shoulder  and  has  partially  replaced  the  function  of  the  paralyzed  muscle. 
In  the  hand  or  forearm,  in  cases  of  paralysis  of  the  flexors,  some  of  the 
extensors  are  passed  through  the  interosseous  septum  and  fixed  to  the  par- 
alyzed flexors.  Post-operative  treatment  is  very  essential  to  the  proper  man- 
agement of  infantile  operative  cases.  Protection  by  splints  until  tendinous 
union  is  solid,  and  then  passive  exercises  judiciously  carried  out  and  muscle- 
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training  faithfull}-  practised  over  Idnfi  periods   make  the  results  more  satisfac- 
tory and  permanent. 

Artlirodesis. — Wlien  paralysis  is  complete,  or,  if  not  complete,  so  neai'ly  so 
that  transplantation  of  tendons  is  not  likely  to  increase  the  stainlity  of  a  joint 
in  its  functioninii-  capacity,  the  possibility  of  ankylosinfj  that  joint  nnist  be 
seriously  considered.  In  many  cases,  a  combination  of  arthroilesis  and  tendon 
transplantation  gives  better  results  than  either  alone.  Arthrodesis  is  prac- 
tised in  the  ankle  joint  or  between  the  bones  of  the  tarsus,  in  the  knee  joint, 
anil  occasionally  at  the  hip.  In  the  knee  joint,  tendon  transplantation  is  not 
combinetl  with  arthrodesis.  At  the  ankle,  arthrodesis  is  performed  most  fre- 
quently to  correct  calcaneus.  (Figs.  615  and  ()16.)  In  talipes  ecjuino-valgus, 
if  there  is  a  possibilit,y  of  a.ssistance  from  a  tendon  transplantation,  arthrodesis 
of  the  medio-tarsal  joint  will  improve  function  liy  adding  to  the  stability  of 


Fig.  OIG. — Condition  of  Foot  After  Operation.  Illu.'strate-;  improvement  in  ealcaneu.s  position 
after  artlirotlesis.  Foot  is  now  i|iute  firmly  aiikylosed  at  tlie  ankle  joint  in  a  right-anglctl  position. 
(Original.) 


the  foot.  Arthrodesis-of  the  tibio-a.stragaloid  articulation  is  the  most  common 
of  all.  It  is  usually  accomplished  through  an  external  incision,  semilunar  in 
shape  and  parallel  with  the  j)eroneal  tendons  where  they  pass  beneath  the 
external  malleolus.  (Fig.  617.)  After  division  of  these  tendons  the  foot  may 
be  dislocated  at  the  tibio-astragaloid  joint  and  the  cartilage  readily  removed 
from  the  top  of  the  astragalus,  the  sides  of  the  malleoli,  and  the  articulating 
surface  of  the  tibia.  The  tendons  are  sutured  or  transplanted,  as  the  case  may 
be,  after  the  capsule  of  the  joint  has  been  closed  and  the  foot  encased  in  plaster 
of  Paris  for  from  eight  to  ten  weeks.  This  should  be  followetl  by  the  use  of  a 
Taylor  shoe  for  at  least  six  or  eight  months. 

As  a  means  of  remedying  one  of  the  defects  of  this  operation,  Goldthwait 
recommeds  an  osteotomy  of  the  fibula  in  order  to  bend  in  that  bone  so  that  it 
may  fit  against  the  lateral  aspect  of  the  astragalus.  If  this  is  not  done  there 
is  less  firm  union  than  there  might  be  between  these  two  bone  surfaces.     Solid 
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osseous  union  is  not  to  ho  oxpootod,  and,  as  a  matter  of  fact,  is  not  desired. 
A  few  degrees  of  motion  at  the  ankle  joint  such  as  a  filirons  union  would  afford 
is  tlie  ideal  I'esult.  In  (H'dci-  thai  this  mcitidn  may  imi  he  slrclclied  out  by  too 
early  use  of  the  limh,  (i]icrati\-e  treatment  should  lie  followed  \\\>  hy  a]>|)aralus 
treatment  foi-  the  licttcr  jiart  of  the  year.  Whitman  has  advised,  in  cases  of 
extreme  calcaneus,  an  excision  of  the  astragalus.  This  enables  liim  to  shift 
the  point  of  liearing  of  the  tihia  backward  upon  tlie  body  of  the  os  calcis  when 
lie  attein])t.s  to  ankylose  it.  As  a  result,  there  is  not  the  distorted  relation  of 
the  malleoli  to  the  back  of  the  os  calcis  which  is  characteristic  of  the  bad  cases 
of  calcaneus.  Whitman  freciuently  combines  this  operation  with  a  transplan- 
tation of  tlie  ]X'roneals  into  the  os  calcis.  The  results  in  this  operation  are 
best  in  the  adolescent  or  adult  cases,  but  in  younger  chili  hen  they  are  not  so 


Fig.  617. — This  i.s  a  Side  View  of  Same  Case  as  that  Shown  in  Fig.  614.  Note  the  atrophy  and 
interference  with  growth.  Patient  lias  liad  an  arthrodesis  of  tlie  ankle  joint.  Tl.e  brace  shown  in 
Fig.  596  was  worn  for  six  months  as  a  i30st-o]>erative  splint.      (Original.) 

good  as  an  arthrodesis  with  or  without  tendon  transplantation.  Here  again 
the  importance  of  post-operative  protection  should  not  be  ignored.  Arthro- 
desis at  the  knee  is  a  very  satisfactory  operation.  By  its  employment  good 
union  invariably  follows  and  there  is  jjractically  no  shortening,  for  it  is  not 
necessary  to  do  a  formal  exci.sion  of  the  joint :  just  sufficient  cartilage  is  removed 
to  insure  osseous  union.  Plaster  of  Paris  foi-  fi-om  ten  to  twelve  weeks  is 
required  Ix'fore  solid  union  can  be  exj)ectetl.  During  the  last  two  weeks  of 
this  time  the  patient  maybe  permitted,  in  greater  or  less  degree,  to  bear  weight 
upon  the  limbs.  One  of  the  chief  advantages  of  arthrodesis  in  this  situation 
is  that  it  enables  the  ]iatients  to  omit  the  long  and  cumbersome  braces  which 
have  been  their  mainstay  in  walking.  In  cases  in  which  both  knee  and  ankle 
on  the  same  side  are  concerned,  arthrodesis  of  both  ankle  and  knee  has  been 
performed  with  satisfactory  results.     In  some  cases,  however,  it  is  necessary 
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to  ankylose  only  the  knee  joint,  a  short  Taylor  brace  being  relied  ujwn  in  place 
of  the  long  brace  before  described.  Ankylosing  of  the  hip  joint  is  never  done 
except  in  the  rare  cases  where  the  femoral  head  has  become  dislocated  in  the 
course  of  an  anterior  poliDmyclitis.  It  may  occasionally  be  replacetl  in  the 
acetabulum  and  allowed  to  become  ankylosed  there. 

067eo/oH;//.— Knock-knee  of  high  gi'ade  requires  osteotomy  in  some  cases. 
The  writer  has  been  obliged  to  resort  to  this  procedure  twice  in  cases  where 
there  was  paralysis  of  the  extensors  of  tlie  thigh,  and  where  at  the  same  time 
he  has  effected  a  transiilantation  of  the  sartorius  to  assume  the  functions  of 
an  extensor.  Union  of  the  fracture  was  not  tlela.ved  in  either  case.  In  one 
there  was,  in  fact,  excessive  callus  foi-mation.  In  no  other  long  bone  excejft 
the  femur  is  osteotomy  required  for  the  correction  of  infantile  deformities.  In 
the  tarsus,  howevei',  it  is  frequently  necessary  to  osteotomize  the  neck  of  the 
astragalus  in  the  course  of  the  correction  of  a  paralytic  club-foot.  This  oste- 
otomy is  generally  wedge-shaped.  To  correct  varus  it  is  also  occasionally 
necessary  to  take  out  a  wedge  from  the  os  calcis. 

Epiphyseal  Irritation. — In  some  cases  of  anterioi-  poliomvelitis  bony  growth 
seems  to  be  retarded  to  an  extraordinarj-  degree.  As  the  child  grows  older 
the  leg  is  noticed  to  be  falling  rapitlly  behind  its  fellow  in  growth,  in  length  as 
well  as  in  circumference.  Gunshot  wounds  of  the  epiphyses,  osteomyelitis 
involving  the  epiphyses,  and  the  early  stages  of  tuberculous  lesions  of  the  epiph- 
yses are  fi'c(iuently  distinguished  by  an  inci-eased  growth  of  bone.  Because 
of  these  observed  facts  it  has  been  conceived  possible  to  stimulate  growth  in 
the  epiphyses  of  infantile  subjects,  and  this  has  been  attempted  by  driving 
ivory  pegs  into  the  epiphy.ses,  making  careful  measurements  before  operation 
upon  l>oth  the  well  and  the  paralyzed  limli.  It  is  a  comparatively  simple  ojiera- 
tion.  The  bone  most  easy  to  peg  in  this  way,  and  the  one  where  stimulation 
of  growth  is  most  necessary,  is  the  tibia.  In  the  one  case  in  which  the  writer 
has  had  any  experience,  two  cribbage-board  pegs  were  driven  into  the  upjier 
ei)iphysis  of  one  tibia.  These  caused  no  particular  discomfort,  ])roduced  no 
symptoms,  and  have  remained  undisturbed  for  over  two  years.  There  has  been 
no  appreciable  benefit  fi'om  the  use  of  jiegs  in  this  case.  It  is  a  \-ery  reason- 
able method  of  procedure  and  should  be  tried  in  cases  in  which  failure  to  keep 
pace  in  bony  growth  has  characterized  the  course  of  an  infantile  paralysis. 

Serve  Trans  plantation. ~':<mw  it  lias  been  demonstrated  that  regeneration 
of  nerve  jKjwer  can  be  brought  about  by  the  iiiii)lantation  of  an  active,  living, 
and  conducting  nerve  trunk  into  a  paialyzed  one,  incentive  has  been  given  to 
attempts  to  transplant  nerves  in  order  to  luring  power  back  to  paralyzed  mus- 
cles. Cushing's  work  upon  the  transplantation  of  fibres  of  the  spinal  accessory 
into  the  facial  in  order  to  relieve  facial  paralysis  has  added  much  interest  to  this 
problem  in  connection  with  infantile  paraly.'^is.  Spitzy,  of  Graz,  has  carried 
out  a  considerable  series  of  experiments  to  determine  the  possibihty  of  the 
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procedure  in  animals,  and  lias  made  a  lew  applications  of  the  principle  to  the 
human  subject  with  a  considetahle  tlegiee  of  success.  In  both  th(>  dog  and 
the  luiinan  being  he  worked  witli  (he  peroneal  nerve.  In  lliis  cdunlrv,  Young, 
of  Philadeli;)hia,  has  made  (me  sucli  (rans]>lanta(i(in.  In  (me  case  which  has 
not  as  yet  gotten  into  the  lit(>rature,  tlie  sciatic  was  c()ni))letely  divided  by  the 
knife  high  up  in  the  thigh  and  the  distal  poi'tion  of  the  nerve  was  rotated  one- 
half  way  round  and  held  by  sutures  through  the  sheath  in  an  attempt  to  approxi- 
mate the  fibics  coursing  in  this  tiunk  to  the  e\tens(ir  longus  hallucis,  to  some 
other  filtres  that  might  lu"  stinuilated  to  supi:)ly  muscles  of  grcatei'  impor- 
tance to  the  function  of  the  foot  than  the  long  extensor  of  the  great  toe.  This 
was  undertaken  purely  as  an  exijcrimental  study  in  a  case  in  which  its  failure 
could  cause  no  harm.     It  Mas  atlendiMl  by  no  appreciable  beneficial  result. 

So  far,  exjierience  with  neive  transplantation,  though  suggesti\<',  has  not 
yiekled  any  very  lirilliant  ]>ractical  results.  It  is  a  jational  methrxl  and  it  may 
l)e  shown  eventualh'  that  certain  cases  are  treated  better  in  this  way  than  by 
any  other  j^rocedure,  just  as  it  has  been  shown  that  arthrodesis  is  better  in 
.some  cases  than  tendon  transplantation,  and  rice  verm.  The  discovery  of  new 
methods  is  always  attended  by  an  amount  of  eiUhusiasm  and  a  widespread 
application  which  subsequent  results  and  saner  judgment  do  not  always  justify. 
Failure  is  quite  as  frecjuently  the  i-esult  of  not  knowing  when  and  how  to  use 
a  method  as  it  is  of  a  defect  in  the  method  itself.  It  is  generally  safe  to  infer 
that,  if  some  result  has  attended  tiie  a])plication  of  the  new  principle  in  the 
hands  of  a  carefully  trained  observer,  there  is  some  value  to  the  method, 
although  its  universal  application  nnist  not  be  inferred.  It  is  to  be  hoped, 
therefore,  that  those  who  have  the  oi)portunity  and  the  clinical  material  upon 
which  to  follow  out  this  lead  of  Spitzy  will  do  .so,  as  there  seems  much  of 
promise  in  it.     (See  akso  Dr.  Willard's  article  in  Vol.  II.) 

Prognosis. — The  outcome  of  an  acute  ca.se  of  infantile  paralysis  is  rarely  in 
question  as  regards  the  continuance  of  existence.  In  some  of  the  larger  epi- 
demics reported  there  have  been  a  few  deaths.  In  the  Gloucester  epidemic 
there  was  recorded  at  that  time  one  tleath  in  the  case  of  a  patient  who  seemed 
to  have  had  spinal  paralysis  and  in  whom  ceiebial  symptoms  wei'e  ^•ery  jiio- 
nounced.  As  there  was  no  autopsy  the  diagnosis  has  never  been  absolutely 
sure.  It  may  have  been  a  sporadic  ca.se  of  cerebro-spinal  meningitis,  the  diag- 
nasis  of  which  has  generally  been  made  in  the  mortuary  records  of  Gloucester 
two  or  three  times  each  year  for  a  number  of  years  previous  to  1900,  the  date 
of  the  infantile  epidemic.  Death  in  the  sporadic  cases  is  very  rare  indeed. 
Prognosis  as  to  restoration  of  function  is  a  very  hard  matter  to  offer  positive 
information  upon.  During  the  acute  attack  and  after  paralysis  has  declared 
itself,  much  comfort  can  be  given  the  patient's  family  by  assuring  them  that 
the  loss  in  power  is  not  going  to  be  progi'essive  or  as  comjilete  as  it  then  may 
be.     In  t^tlier  words,  con.sidei-able  improvement  may  be  e.xpected,  though  it 
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will  be  gradual.  When  recovery  has  commenced,  it  is  again  reassuring  to  know 
that  it  is  likely  to  continue  for  at  least  a  year,  and  that  even  without  treatment 
progression  towaid  an  improvement  over  the  condition  at  the  time  of  the  onset 
of  the  attack  is  confidently  to  lie  exjtected.  Parents  and  patients  should  be 
told  that  it  is  impossible  to  determine  at  tlie  outset  how  comjilete  the  return 
of  power  in  a  given  muscle  is  likely  to  be.  After  it  is  possible  to  apply  the 
electrical  tests,  valuable  information  may  be  had  as  to  the  possibilities  of  res- 
toration of  power  in  tlie  nei'ves  supplying  the  jiaialyzi'd  muscles.  At  the  expi- 
ration of  a  year  oi'  two  after  the  onset  of  paralysis  it  is  usually  possilile  to  give 
a  more  definite  prognosis  regarding  how  much  impro^'ement  in  function  is  to 
be  expected  from  treatment,  mechanical  and  operative.  This  should  be  leased 
upon  the  extent  of  the  lo.ss  of  power  in  the  jiaralyzed  muscle  groujis,  the  dis- 
tribution of  the  paralyzed  muscles  with  especial  reference  to  the  deformities 
which  they  .■^cem  to  favor,  the  weight  of  the  jiatient,  and  the  feasibilitj'  of  the 
trans|)lantation  of  muscles  whose  intrinsic  strength  and  adaptability'  are  great 
enough  to  he  used  in  replacing  the  loss  of  power  effected  by  the  paralysis. 

Temperamental  peculiarities  in  the  jiatient  and  the  presence  of  opportunity 
for  adeijuate  treatment  other  than  operati\('  must  be  given  weight  in  offering 
a  prognosis.  Even  in  the  bad  cases  the  outlook  is  not  as  hopeless  as  it  often- 
times seems.  Fortunately,  anterior  jioliomvelitis  does  not  affect  the  cere- 
brum, so  that  mental  weakness  oi-  imliecility  does  not  accompany  the  paralysis. 
An  assurance  to  the  patient  or  parents  that  infantile  differs  is  this  respect  from 
the  spastic  paralysis  of  childhood  is  often  comforting. 
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].  COXA  \ai;a. 

Depkessiox  of  the  Neck  of  the  FEMris. 

Coxa  vara  is  a  term  that  signifies  depression  of  the  neck  of  the  femur,  and, 
although  it  is  not  particularly  descriptive,  it  serves  to  call  attention  to  the  fact 
that  coxa  vara  is  one  of  the  so-called  static  deformities,  such  as  genu  varum 
and  valgum  and  the  like,  which  are  caused  in  most  instances  l>y  the  weight 
and  strain  of  functional  use  upon  jiarts  that  are  incompetent  to  sustain  it. 

Thus,  although  the  neck  of  the  femur  may  be  deiiressed  as  the  result  of 
acute  or  chronic  disease  at  the  joint  or  in  the  neighborhood  of  the  trochanter, 
or  induced  by  ostitis  deformans  or  osteomalacia,  distortions  of  this  character 
incidental  to  disease  are  not  proi)erly  includetl  under  a  title  that  implies  simple 
deformity. 

Etiology. — Coxa  A^ara  may  be  caused  directly  by  injury  (fracture) ;  it  may 
be  congenital,  in  which  case  it  is  usually  accompanied  by  other  distortions; 
and,  in  a  slight  degree,  it  is  often  present  in  congenital  dislocation  of  the  hip. 
In  the  majority  of  cases,  however,  as  has  been  stated,  its  etiology  is  .similar 
to  that  of  the  more  familiar  deformities  of  the  bones  of  the  lower  extremity. 

Thus  the  most  important  of  the  predisposing  causes  is  rhachitis,  which 
directly  weakens  the  structure  of  the  l)one.  the  exciting  causes  being  over- 
weight, over-strain,  or  injury. 

The  connnon  rhachitic  distortions  of  the  limbs  are  self-evident,  and  they 
usually  apjjcar,  or  become  exaggerated  to  more  extreme  deformity,  when  the 
child  begins  to  walk.  Coxa  vara,  on  the  other  hand,  is  far  less  likely  to  cause 
symptoms  at  this  age,  Ix'cause  the  neck  t)f  the  feniiu'  is  very  short  and  is  there- 
fore notexposed  to  direct  strain.  In  fact,  the  lessened  angle  in  this  class  of  cases 
is  more  often  due  to  the  outward  bending  of  the  upjjcr  part  of  the  shaft  of  the 
femur  than  to  the  direct  depression  of  the  neck  itself,  and,  although  such 
depression  of  slight  degree,  direct  or  indirect,  is  often  present  in  rhachitic  chil- 
dren, as  may  be  proved  by  .r-ray  pictures  or  demonstrated  liy  physical  exam- 
ination, it  is  usually  .so  masked  by  other  distortions  of  the  limb  tliat  its  diag- 
nosis is  made  only  by  those  who  are  searching  for  it. 

If,  then,  the  statistics  of  coxa  A'ara  be  limited  to  the  class  in  wliich  the 
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deformity  causes  symptoms  sufficiently  marked  to  demand  treatment,  it  will 
appear  very  decidedl}'  as  an  affection  of  late  childhood  and  adolescence.  It  is 
more  common  in  males  than  hi  females  and  far  more  often  unilateral  than 
bilateral. 

Thus,  of  72  cases  that  have  come  under  my  personal  observation,  46  were 
m  males  and  26  in  females.  In  59  cases  the  deformity  was  unilateral  (32  R., 
27  L.) ;  it  was  bilateral  in  13.  Forty  of  the  patients  were  adolescents,  12  to 
17  j'ears  of  age.  Twenty-three  were  in  late  childhood,  5  to  12  years.  Six 
were  older  than  17,  and  three  were  less  than  5  years  of  age. 

In  many  instances  the  symptoms  had  persisted  for  years,  but,  due  allow- 
ance being  made  for  this,  it  may  be  stated  that  in  more  than  half  the  cases 
the  symptoms  did  not  appear  until  adolescence,  and  that  in  at  least  three- 
quarters  of  all  the  ca.ses  the  period  of  early  childhood  had  been  passed. 

As  far,  then,  as  etiology  of  the  characteristic  cases  is  concerned  one  may 
consider  rhachitis  as  more  often  a  predisposing  than  a  direct  cause,  in  that  the 
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Fig.  618. — Tj^jes  of  Coxa  Vara.  1,  Depression  of  tlie  neck  caused  in  part  by  outward  bowing 
of  tlie  shaft — the  ordinary  rhaehitie  form,  usually  bilateral,  which,  in  childhood,  does  not  cause,  a-s 
a  rule,  direct  symptoms;  2,  simple  depression — cervical  coxa  vara;  3,  more  extreme  aeformity  of 
the  same  type;  4,  cervical  coxa  vara,  combiried  with  more  extreme  deformity  at  the  epiphyseal  junc- 
tion; 5,  epiphyseal  coxa  vara — deformity  at  the  epiphyseal  junction,  without  depression  of  the  neck, 
usually  traumatic;  6,  epiphyseal  disjunction;  7,  normal  contour. 


neck  of  the  femur,  slightly  depres.sed  in  early  life  (latent  coxa  vara)  (Fig.  618,  1), 
is,  by  reason  of  the  lesspned  angle,  suljjected  to  gieater  strain  in  adolescence, 
a  period  of  weakness  when  gro^vth  is  rapid,  when  the  jiart  is  more  exposed 
to  direct  injury,  and  when  laborious  occupations  are  begun. 

Abnormal  weakness  of  structure,  or  disproportionate  weight  or  strain,  and, 
above  all,  direct  injury  are  contributing  or  exciting  causes,  ilany  ^^Titers  have 
assumed  that  the  deformity  may  be  explained  by  a  peculiar  primary  softening 
of  the  bone  (local  osteomalacia),  but  investigations  have  .shown  no  evidence  of 
such  disease,  the  changes  being  such  as  might  readily  be  explained  by  progres- 
sive deformity  and  by  the  local  disturbance  of  nutrition  induced  by  it. 

There  are  two  characteristic  types  of  coxa  vara:  in  one  the  neck  is  depressed 
as  a  whole,  there  being  simply  a  change  in  the  angle  between  the  shaft  and  the 
neck  (cer\ical  coxa  vara),  a  form  more  common  in  childhood  as  the  direct  re- 
sult of  rhachitis  (Fig.  618,  2) ;  in  the  other,  the  deformity  is  most  marked  in  the 
newly  formed  l)one  at  the  junction  of  the  head  and  neck,  the  head  (Fig.  618,  4) 
VOL.  IV.— .54 


850 


AMERICAN    PRACTICE   OF  SURGERY. 


in  extreme  cases  being,  as  it  were,  turned  backward  and  under  the  neck.  This 
may  be  classed  as  epiphyseal  coxa  vara.  (Fig.  61S,  5.)  It  is  more  common  in 
adolescence  and  it  is  often  caused  directly  by  injury.  In  such  cases  it  is  in 
reality  partial  epiphyseal  fracture.     In  a  certain  proportion  of  these  cases  pre- 


FiG.  619. 


Fig.  620. 


Fig.  619. — Right  CoNa  Vara  in  an  Adolescent.  Tlie  prominence  of  the  trochanter  and  the  out- 
ward rotation  of  the  limb  are  siiown.     There  is  no  evidence  of  former  rhachitis. 

Fig.  620. — Bilateral  Coxa  ^'ara  of  the  Anterior  Form,  showing  Exaggerated  Lordosis.  An  un- 
common type  that  resembles  congenital  dislocation  of  tlie  hips.  In  this  form  evidences  of  former 
rhachitis  are  usually  apparent. 


vioas  depression  of  tlie  femoral  neck,  the  result  of  infantile  rhachitis,  serves 
as  a  predisposing  cause. 

Occasionally  the  neck  of  the  femur  is  depressed,  its  normal  lateral  relation  to 
the  shaft  being  retained,  but  in  most  instances  it  is  turned  backward.  In  the 
progress  of  the  deformity  there  is,  as  it  were,  an  impaction  of  the  posterior 
and  weaker  surface,  so  that  the  anterior  border  of  the  neck  becomes  some- 
what convex. 

Physical  Effects  of  the  Defor.mity. — As  the  range  of  motion  at  the 
joint  and  the  attitude  of  the  limb  are  dependent  on  the  normal  relations  of  the 
component  bones  at  the  articulation,  any  change  in  these  relations  must  induce 
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a  corresponding  change  in  function.  For  example,  the  range  of  abduction 
(45°-55°)  is  dependent  ii]3on  the  normal  upward  inclination  of  the  neck  of  the 
femur  (about  128°),  being  finally  checked  when  the  upijer  border  of  the  neck 
comes  into  contact  with  the  outer  border  of  the  acetabulum.  If,  therefore, 
the  neck  of  the  femur  is  depressed,  abduction  is  limited  in  corresponding 
degree.  As  the  neck  of  the  femur  is  usually  turned  backward  the  effect  is, 
as  in  impacted  fracture,  to  cause  outward  rotation  of  the  shaft  of  the 
femur.  Flexion  is  limited  by  the  contact  of  the  neck  of  the  femur  with  the 
anterior  border  of  the  acetabulum,  while  the  range  of  extension  is  often  in- 
creased. Thus,  the  physical  effects  of  ordinarj'  coxa  -wara  are  shortening  and 
outward  I'otation  of  the  limb,  the  i-ange  of  motion  at  the  joint  being  limited 
in  abduction,  inward  rotation,  and  flexion.  In  bilateral  coxa  vara  of  this  tj-pe, 
as  both  trochanters  are  carried  forward  by  the  backward  displacement  of  the 
femoral  necks,  the  lumbar  lordosis  is  diminished.  If,  however,  there  is  simple 
direct  depression,  or  if  the  femoral  necks  are  turned  forward,  the  lordosis  is 
increased. 

In  cervical  coxa  vara  the  function  of  the  joint  is  impaired  principally  by 
the  deformity  and  in  the  manner  described,  but  in  epiphyseal  coxa  vara,  in 
which  the  articulation  is  partly  disorganized,  motion  is  usually  far  more  limited, 
particularly  by  muscular  spasm  and  contraction.  Partial  traumatic  separa- 
tion of  the  head  of  the  femur,  not  uncommon  in  adolescents,  re-sembles  the 
epiphyseal  type  of  coxa  vara  so  closely  that  it  can  be  differentiated  only  by 
the  history.  It  may  be  stated  also  that  in  any  form  of  coxa  vara  the  lessened 
angle  of  the  neck  weakens  it  and  predisposes  to  further  injury.  Thus  partial 
or  complete  fracture  of  the  neck  or  epiphj'seal  separation  not  unfrcquently 
complicates  the  deformity.  In  such  cases  the  patient,  who  may  have  limped 
slightly  for  several  months,  becomes  suddenly  disabled  after  injury  or  overstrain. 
Pain  is  usually  marked  on  motion  and  the  joint  may  be  practically  fixed  by 
muscular  spasm.  It  nip.y  be  of  interest  to  note  in  this  connection  that  there 
have  come  under  my  observation  thirty-four  cases  of  fracture  of  the  neck  of 
the  femur  in  young  subjects,  in  eight  of  which  the  injury  was  apparently 
at  the  epiphyseal  jmiction. 

Symptoms. — The  symptoms  of  coxa  vara  are  indicated  by  the  description 
of  the  physical  signs.  They  vary  with  the  degree  of  deformity  and  the  rate  of 
its  progression  and  they  are,  of  course,  aggravated  by  strain  and  injury. 

The  most  suggestive  symptom  is  a  persistent  limp.  This  is  accompanied 
usually  by  sensations  of  weakness,  of  discomfoi  t  referred  to  the  thigh,  and  stiff- 
ness on  changing  from  a  state  of  rest  to  one  of  activity.  On  examination  one  notes 
the  following  changes :  the  actual  shortening  due  to  elevation  of  the  trochanter,  and 
in  well-marked  cases  the  apparent  shortening  caused  by  the  upward  tilting  of  the 
pelvis,  in  compensation  for  the  limitation  of  abduction;  the  outward  rotation 
of  the  limb:  and  the  peculiar  and  unequal  limitation  of  motion.     If  the  weak- 
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cncd  ))art  has  boon   injurod  nr  strained,  more  or  loss  intonso  musoular  spasm 
may  still  furthor  limil   motion.     This  is  more  often  present  in  the  epiphy.seal 

type  of  (icl'oi'mily,  wiiich  is,  as  has  been 
slated,  ill  many  instanees  an  incomplete 
liaci  HIT. 

In  liilateral  eo.xa  vara  the  symptoms  as 
regards  each  limb  are  the  same,  but  the 
effeet  on  the  individnal  is  more  marked. 
The  double  limp  causes  a  swaying  gait  and, 
as  has  been  stated,  the  normal  lordosis  is  di- 
minished. In  extreme  cases  the  adduction 
(if  the  thighs  may  make  locomotion  difficult. 
Diagnosis. — Knowledge  of  the  nature 
and  effects  of  coxa  vara  .should  make  the 
diagnosis  easy.  It  is  most  often  mistaken 
lor  congenital  dislocation  of  the  hip  and 
I  (11  hip  disea.se.  The  first  affection  is  con- 
genital, while  coxa  vara  is  accjuired.  This 
alone  should  be  sufficient^  diagnostic  in 
most  cases.  In  congenital  dislocation,  if 
the  thigh  be  fiexed  and  adducted,  the  head 
and  neck  of  the  fenuir  can  lie  palpated, 
while  in  coxa  vara  nothing  but  the  tro- 
chanter is  apparent.  In  coxa  vara  actual 
shortening  is  present  from  the  first,  while 
ill  hi])  disease  this  is  a  late  symptom.  In 
coxa  vara  motion  is  limited  by  the  deform- 
ity, particularly  in  certain  directions,  the 
range  of  extension  remaining  unrestricted. 
In  tuberculous  disease  all  motions  are  lim- 
ited, particularly  extension.  Strains  or 
nther  affections  of  like  character  are  not 
accompanied  by  shortening  and  could  not 
therefore  explain  the  symptoms.  Incom- 
FiG.  fyii.— Right  Coxa  Vara,  iiiustrat-  plete  or  impacted  fracturc  of  the  neck  is 
ing  the  .^ctuai  and  the  Apparent  Short-    traumatic  coxa  Vara,  its  cause  being,  as  a 

enmg  of  the  Limb  in  Advanced  Deformity 

of  the  Traumatic  Type.    (Original.)  rulo,  apparent  in  the  history. 

It  has  been  stated  that  the  mild  degrees 
of  coxa  vara  would  be  often  found  among  rhachitic  children  if  it  were  looked 
for.  It  is  usually  bilateral,  its  chief  symptoms  being  outward  rotation  of  the 
limbs  and  limitation  of  abduction  at  the  hips.  It  is  usually  accompanied  by 
bowing  of  the  limbs  rather  than  by  knock-knee. 
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In  conclusion,  it  may  be  stated  that  an  .r-ray  picture  will  in  doubtful  cases 
make  the  diagnosis  clear,  and  by  this  means  one  may  often  distinguish  the 
varieties  of  the  deformity  that  have  been  mentioned. 

Treatment. — The  prevention  of  coxa  vara  might  include  the  treatment  of 
infantile  rhachitis.  If  coxa  vara  is  present  at  this  early  age  one  should  attempt 
to  correct  the  tlistortion  of  the  neck  by  methodical  manipulation  of  the  hmb, 
particularly  in  inward  rotation  and  abduction,  with  the  aim  of  improving  the 
attitudes  and  overcoming  restriction 
of  motion  at  the  hip  joint. 

If  the  diagnosis  of  unilateral 
coxa  vara  is  made  early,  the  pro- 
gression of  the  deformity  might  be 
prevented  by  a  form  of  con\'al('s- 
cent  hip  splint  after  the  Taylor 
model  which  will  transfer  the  weight 
to  the  perineum  until  the  internal 
structure  of  the  neck,  softened  dur- 
ing the  progression  of  the  deformity, 
may  have  become  stable.  Mean- 
while the  nutrition  may  be  impro\ed 
by  exercises  and  massage  of  the  limb 
and  by  forcible  manipulations  in  the 
directions  in  which  mo\'ements  are 
limited.  This  is  particularly  indi- 
cated because  the  direct  effects  of 
tlie  defoiniity  are  alwaj'.s  increased 
by  muscular  adaptation.  Horseback 
and  bicycle  exercise  are  to  be  recom- 
mended also. 

This  treatment  should  be  con- 
tinued for  at  least  a  year  and  long 

standing  or  other  strain  must  be  avoided  foi-  a  longer  period.  If  the  deformity 
is  bilateral,  direct  support  can  hardly  be  apjjlied.  In  certain  cases  of  the  pro- 
gressive type,  whether  unilateral  or  bilat<>ral,  the  writer's  operation  for  the  cor- 
rection of  impacted  or  incomplete  fracture— namely,  forcible  abduction  at  the 
hip— may  be  of  service.  The  patient  being  ana'sthetized,  the  limb  is  first  ab- 
ducted until  the  outer  border  of  the  depressed  neck  comes  into  contact  with 
the  upper  border  of  the  acetabulum.  Further  abduction,  the  head  of  the 
femur  being  held  in  the  acetabulum,  brings  direct  pressure  against  the  resisting 
neck.  In  recent  fractures  the  deformity  may  be  corrected  by  forcing  the  limb 
to  the  limit  of  abduction,  and  doubtless,  if  the  structure  of  the  neck  were  yield- 
ing, as  in  rapidl)^  progressing  deformity,  the  same  result  might  be  accom- 


FiG.  622. — Fracture  of  the  Neck  and  Separation 
of  the  Epiphysis  of  the  Femur.  (Whitman's 
"  Orthopedic  Surgery.")  1,  Fracture  of  the  neck 
of  the  femur;  2,  restoration  of  the  normal  angle 
by  forcible  abduction;  3,  the  limb  in  normal  posi- 
tion; 4,  5,  and  6  illustrate  separation  of  the  epiph- 
ysis of  the  head  of  the  femur  treated  by  the  same 
method. 
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plished.     In    any  event,  tlie  streteliinji  nf    (lie  contracted    iiddnclor  group  of 
muscles  should  he  of  service  in  improving  funclinn.      (Fig.  622.) 

Attention  may  lie  called  again  to  tiie  fact  that  the  deformity  of  coxa  vara 
is  of  the  gi-oup  tiiat  includes  the  more  familiar  distortions  of  the  bones  of  the 
lower  extremity,  and  it  may  be  treated  in  the  same  mannei',  namely,  by  direct 
operative  correction  of  (he  deformity.  The  object  is,  of  cour.se,  to  replace  the 
neck  in  (lie  ])ropcr  relation  to  the  shaft,  with  the  aim  of  restoring  function  and 
removing  abnormal  strain.  For  this  purpose  I  ha\-e  found  the  following  opera- 
tion to  be  most  efficacious,  particularly  in  those  cases  in  which  outwaid  isola- 
tion is  not  extreme.     The  patient  having  been  anaesthetized,   the  nmscular 


Fig.  623. — Illustrates  the  Operative  Reduction  of  the  Deformity  of  Coxa  Vara.  1,  The  normal 
contour;  2,  depression  of  the  neck  of  the  bone  (coxa  vara)  (at  A  a  wedge  of  bone  has  been  removed) ; 
3,  abduction  of  the  limb  first  fixes  the  upper  segment  by  contact  with  the  rim  of  the  acetabulum, 
then  clo.ses  the  opening  in  the  bone;  4,  replacement  of  tlie  limb  after  vmion  is  completed  elevates  the 
neck  to  its  former  position. 


contraction  is  overcome  by  vigorous  stretching  until  abduction  is  free  to  the 
point  at  which  it  is  restricted  by  contact  of  the  outer  part  of  the  neck  with  the 
upper  border  of  the  acetabulum.  An  incision,  about  three  inches  in  length,  is 
then  made  from  a  point  about  an  inch  from  the  apex  of  the  trochanter  directly 
downward  in  the  Une  of  the  shaft.  The  bone  is  then  thoroughly  exposed  and 
a  wedge,  at  the  base  about  three-fjuarters  of  an  inch  in  breadth,  is  removed, 
the  apex  being  directly  opposite  the  trochanter  minor  at  a  point  about  two 
inches  from  the  upper  extremity  of  the  trochanter.  The  upj^er  section  should 
be  practically  at  a  right  angle  with  the  shaft,  the  obliquity  being  entirely  in 
the  lower  portion.  Sufficient  of  the  cortical  substance  of  the  inner  aspect  of 
the  bone,  reinforced  by  the  cartilaginous  trochanter  minor,  is  allowed  to 
remain  to  preserve  the  continuity  of  the  bone.     The  limb  is  then  gently  ab- 
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ducted  until  the  wedge-shaped  opening  is  closed,  the  inner  part  of  the  bone 
bending  like  a  hinge  without  fi'acturing,  so  that  there  is  no  danger  of  dis- 
placement of  the  fragments.  If  tlie  wedge  is  of  proper  size,  when  the  surfaces 
are  brought  into  contact  the  hnib  is  at  the  limit  of  normal  abduction,  or 
at  an  angle  of  45°  with  the  body.  The  wound  is  then  closed  and  a  short  plas- 
ter-of-Paris  spica  bandage  is  applied  to  fix  it  in  this  attitude  until  repair  is 
complete,  the  usual  time  being  about  three  months.  ^Mien  the  limb  is  restored 
to  the  line  of  the  bod}'  the  neck  of  the  femur  is  elevated  to  its  normal  angle. 
Function  is  thereby  restored,  and  the  patient  is  cured.     (Fig.  623.) 

Measurement  will  show  that  this  procedure  makes  the  limb  somewhat 
longer  than  before  the  operation,  the  actual  shortening  being  rarely  more  than 
half  an  inch.  Massage,  exercises,  and  super\dsion  are  of  value  if  they  can  be 
provided,  although,  according  to  the  WTiter's  experience,  they  are  not  essential 
to  success.     (Figs.  624  and  625.) 

In  older  subjects  there  is  often  marked  posterior  distortion  of  the  neck, 
sho\\ii  by  extreme  outward  rotation  of  the  limb.  In  cases  of  this  class  simple 
linear  osteotomy  is  jjreferable.  Muscular  contraction  having  Ix'en  overcome 
in  the  manner  already  described,  the  so-called  subcutaneous  osteotome  is 
pushed  dii-ectly  through  the  tissues  at  a  point  about  three  inches  below  the 
apex  of  the  trochanter.  The  cortex  of  the  outer  surface  is  tlivided  and  the 
bone  is  sufficiently  weakened  to  permit  fracture  when  the  limb  is  forcibly  ab- 
ducted. "\Mien  the  bone  is  broken,  the  limb  is,  under  traction,  rotated  inward 
to  Ining  the  foot  into  normal  position,  and,  in  the  attitude  of  normal  abduc- 
tion, it  is  fixed  in  a  long  s]iica  bandage  that  includes  the  foot. 

In  cases  of  the  adolescent  type  in  which  it  may  be  inferred  that  the  neck 
of  the  bone  is  somewhat  softened,  the  jieriod  of  protection  must  be  mucli  longer 
than  in  the  preceding  class.  Thus  it  is  of  advantage  for  the  patient  to  use  a 
convalescent  hip  splint  for  several  months,  massage  and  proper  exercises  being 
employed  to  improve  the  circulation  and  to  strengthen  the  muscles. 

There  are  certain  cases  in  adolescence  in  which  the  deformity,  often  bi- 
lateral, has  advanced  very  rapidly.  In  cases  of  this  type  it  may  be  jjossible 
actually  to  straighten  the  neck  by  forcible  abduction  of  the  limb  without  oste- 
otomy, in  the  manner  already  described. 

The  tieatment  of  traumatic  partial  epiphyseal  separation  is  properly 
included  under  that  of  fracture  of  the  neck  of  the  femur.  (See  the 
article  on  Fractures  in  Vol.  III.)  As  has  been  stated,  this  injury  is 
favored  by  coxa  vara,  especially  of  the  epiphyseal  type,  and  these  sec- 
ondary forms  of  ei)i|ihy.seal  separation  can  hardly  be  distinguished  from 
those  induced  by  primary  iujury.  In  both  instances  the  relation  of  the  joint 
surfaces  is  so  changed  that  persistent  disability  must  follow  unless  the  head 
of  the  femur  is  replaced  in  its  proper  position.  In  favorable  cases,  therefore, 
this  should  be  attempted.     An  incision  just  to  the  outer  side  of  the  anterior 
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superior  spine,  about  four  inches  in  lenjitli,  is  niiide  directly  tlownwiuxl.  This 
ex]joses  the  inter^•al  Ijetwoen  the  tensor  vagins?  fcmoris  on  the  upper  and  the 
gluteus  inedius  nuiscle  on  the  lower  side.  'When  lliese  are  Avidely  separated 
the  anterior  A\all  of  the  caj)sule  is  e.xposed.  This  is  opened  in  the  line  of  the 
neck,  and  when  the  linih  is  rotated  outward  the  deformity  is  exposed.    There  is 


Fig.  624. — Coxa  Vara  in  Sisters.      Riglit  in  the  elder;  left  in  the  younger;  both  of  the  rliachitic 

type.      (See  Fig.  02;j.)      (Original.) 

usually  displacement  of  the  head  downward  and  backward.  A  thin  chisel  is 
driven  through  the  neck  so  that  the  head  is  completely  separated.  It  is  then, 
by  the  leverage  of  the  chisel,  pushed  upward  and  inward  while  the  limb  is  forcibly 
abducted  and  rotated  inward,  the  parts  being  thus  replaced  in  proper  position. 
If  necessary,  a  thin  section  of  bone  may  be  removed  from  the  inner  extremity 
of  the  neck  to  facilitate  this  replacement.     The  wound  is  then  closed  and  a 
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plastei'-of-Paris  spica  bandage  is  applied  to  fix  the  parts  until  repair  is  com- 
plete.    Tlie  after-treatment  is  the  same  as  lias  been  described. 

It  may  be  noted  in  the  review  of  treatment  that  stress  has  been  laid  upon 
prevention  of  deformity  and  uiion  positive  correction.  In  cases  that  are  not 
treated,  the  distortion  tends  to  increase  for  a  time  until  the  discomfort  and 
disal)ility  enforce  rest,  and  until  further  depression  is  resisted  by  the  compressed 
bone  on  the  under  surface  of  the  neck.     AMien,  after  an   indefinite  time,  this 


Fig.  625. — Illustrating  the  Operative  Treatment  of  Coxa  Vara.     The  fsame  patients  are  shown 

in  Fig.  624. 

limit  has  been  reached,  pain  ceases,  muscular  spasm  disappears,  and  the  range 
of  motion  increases,  but  the  deformity  persists.  The  }3atient  limps,  or  walks 
awkwardly,  and  is,  to  this  extent,  placed  at  a  disadvantage.  The  importance 
of  treatment,  therefore,  to  assure  an  actual  cure,  as  contrasted  with  this  natural 
process,  is  apparent. 


II.   COXA  VALGA. 

Coxa  valga  signifies  an  abnormal  elevation  of  the  neck  of  the  femur.  The 
deformity  is  uncommon  and  of  but  slight  importance.  It  is  sometimes 
observed  in  limbs  that  have  never  supported  weight  and  it  is  a  possible  result  of 
injury  in  wliich  the  epiphyseal  extremity  of  the  femur  has  been  forced  upawrd. 
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In  very  rare  instances,  as  a  conKenitul  deformity,  coxa  \'alga  may  cause 
symptoms  when  the  child  begins  to  walk,  the  most  noticeable  peculiarity  behig 
slight  persistent  alxluction  and  outward  rotation  of  the  limb,  and  the  opposed 
movements  being  correspondingly  restricted.  If  this  restriction  cannot  he 
overcome  by  manipulation  and  training,  the  deformity  may  be  remedied  by 
osteotomy. 

III.  DISTORTIONS  OF  THE  BONES  OF  THE  LOWER  EXTREMITY. 

There  are  three  connnon  distortions  of  the  lower  extremities:  Bow-leg 
(genu  varum),  knock-knee  (genu  valgum),  and  anterior  bowing  of  the  leg 
(anterioi-  bow-leg).  But  although  the  outward  expression  of  the  deformity 
classifies  it  usually  as  of  one  or  another  of  these  types,  not  infrequently  all  three 
distortions  may  be  present  in  one  limb. 

For  example,  in  cases  of  extreme  rhachitic  deformity  the  femur  is  usually 
bent  forward  and  outward  above,  and  inward  at  the  knee,  \\hile  the  tibia  in- 
clines outward  and  forward  and  is  finally  turned  abruptly  inward  above  the 
ankle.  Such  " corkscrew"  distortions  can  hardly  be  classified  as  either  bow- 
leg or  knock-knee. 

Etiology. — As  is  well  known,  the  principal  factor  in  the  etiology  of  deform- 
ities of  the  bones  is  rhachitis.     (Fig.  626.) 

In  the  clinics  of  New  York,  the  Italian  and  the  colored  children  furnish  a 
disproportionate  pei'centage  of  the  most  extreme  cases,  but  in  the  milder  forms 
the  affection  is  far  from  uncommon  even  among  the  favored  classes.  Rhachitis 
lessens  the  resistance  of  the  bones  and  correspondingly  decreases  the  strength 
of  the  muscles  and  other  tissues.  The  erect  attitude  subjects  the  weak  bones 
to  the  strain  of  weight  and  motion ;  thus  the  deformities  increase  most  rapidly 
when  the  child  begins  to  walk;  but  in  many  instances  the  manner  of  sitting,  of 
creeping,  and  the  like,  has  already  determined  the  deformity. 

Another  example  of  external  influence  is  seen  in  bow-leg  of  one  side  com- 
bined with  knock-knee  of  its  fellow,  a  deformity  not  at  all  uncommon  among 
Italian  children,  and  induced,  it  would  appear,  by  carrying  the  child,  often 
enveloped  in  s\\athing  clothes,  habitually  on  one  arm,  the  limbs  being  pressed 
against  the  mother's  chest. 

Bow-legs  are  more  connnon  than  knock-knees.  In  a  period  of  ten  years 
at  the  Hospital  for  Ruptured  and  Crippled,  3,452  cases  of  bow-legs  were  treated, 
2,030  of  which  were  in  males.  In  the  same  period  the  number  of  knock-knees 
was  1,989,  1,024  being  in  male  subjects.  Anterior  curvatures  of  the  tibite 
rarely  exist  as  a  single  deformity  and  are  more  often  combined  with  knock- 
knees  than  with  bow-legs.  All  rhachitic  deformities  are,  as  a  rule,  bilateral, 
and  they  are  somewhat  more  common  in  males  than  in  females. 

Aside  from  the  direct  deforming  influences  that  have  been  mentioned,  it 
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would  a])pear,  accoiding  to  Wolff's  law,  that  the  deformity  must  be  the  result 
of  adai)tation  to  the  physical  condition  of  the  patient.  A  very  weak  child  on 
attempting  to  stand  seizes  some  support,  the  knees  are  pressed  together,  the 
attitude  being  one  of  semi-flexion  so  that  the  weight  tends  to  bend  the  tibia; 
forward.  And,  as  has  been  stated,  it  is  a  conunon  ob.servation  that  knock- 
knees  arid  antei'ior  curvatures  are  more  often  combined  than  other  deformities; 
also,  that  well-marked  knock-knee  is  usually  a  rliachitic  deformity,  while  a 
corresponding  degree  of  bow-leg  may  exist  in  otherwise  normal  children. 

Bow-leg  of  slight  degree  may  be  congenital;  it  is  often  present  in  couibina- 


FiG.  626. — Various  Forms  of  Rhachitic  Deformities  of  the  Lower  Extremities.  No.  1,  Tlie  or- 
ordinary  type  of  genu  varum,  No.  5,  true  bow-legs  not  involving  the  knees;  No.  3,  extreme  genu 
vanim;  No.  2,  E.xtreme  genu  valgum,  siiowing  the  general  distortion  of  the  bones;  No.  4,  uni- 
lateral genu  valgum  combined  with  general  rhachitic  deformities.      (Original.) 

tion  with  congenital  club-foot.  It  is  not  uncommon  in  children  who  are  vigor- 
ous and  begin  to  stand  at  a  very  early  age.  Knock-knee  also  in  slight  degree 
is  not  uncommon,  particularly  in  female  children.  It  is  often  associated  with 
flat  feet  in  children  who,  though  weak,  are  not  rhachitic,  and  in  general  the 
popular  belief  that  this  deformity  is  characteristic  of  weakness  is  well  founded. 
Thus  far,  mention  has  been  made  of  inherited  or  acquired  weakness  or  other 
predisi)osition  that  becomes  operative  in  early  life.  There  is  also  a  second  period 
in  which  deformity,  or  at  least  increase  in  curvature,  may  appear.  This  is 
adolescence,  when  rajjid  growth  makes  the  bones  less  stable  and  when  the  strain 
of  laborious  occupation  may  be  an  exciting  cause.    Occupation,  even  in  ordinary 
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iiidi\iduuls,  has  a  vi'iy  ck'ciilcil  influence  in  inducing  dei'orniit}'.  Tiius,  in 
\'icnna,  "baker's  knee"  is  the  ])opular  term  for  genu  valgum,  and  those  who 
lide  constantly  luuc,  in  many  instances,  outward  bowing  of  the  legs. 

The  influence  of  injury,  such  as  fracture  or  rupture  of  ligaments  at  the  knee, 
or  of  disease  of  the  joints,  in  inducing  deformity  is  apparent,  but  cases  of  this 
character  do  not  require  considciation  in  this  article. 

The  UulijrowHi  oj  Dejorniili/. — In  concluding  the  consideration  of  etiology, 

the  process  of  natuial  cure,  or  outgrowth 
of  deformity,  may  be  mentioned,  for,  as 
is  well  known,  there  is  a  strong  belief, 
shared  by  the  [irofession  and  laity  ahke, 
tliat  these  deformities  are  usually  out- 
grown and  that  treatment  is  therefore 
unnecessary.  If  one  looks  upon  deform- 
ity as  a  functional  adaptation  to  weak- 
ness, it  is  evident  that  a  natural  gain  in 
strength  .should  lead  to  the  adoption  of 
attitudes  that  would  tend  to  correct  it. 
So  also  it  is  a])],iarent  that  the  lengthen- 
ing of  the  limb  in  growth  will  lessen 
pioportionately  the  distortion.  And, 
again,  in  the  cases  in  which  the  limbs 
are  twisted  in  various  directions,  the 
outward  expression  might  well  be  trans- 
formed from  bow-leg  to  knock-knee,  or 
vice  versa.  But  in  general  it  may  be 
stated  that  deformities  of  this  character, 
although  they  become  less  noticeable, 
do  not  usually  disappear  entirely.  This 
is  evidenced  by  the  number  of  distor- 
tions of  this  class  that  may  be  seen  in 
adult  males,  which,  although  occasionally 
developing  in  mature  yeai's,  are  in  the  great  majority  of  cases  instances  of 
deformity  that  has  persisted  since  childhood. 

Having  considered  these  deformities  of  common  origin  in  general,  one  may 
take  up  tlie  individual  distortions  in  order  of  frequence. 

Bow-Leg  (Genu  Varum). — There  is  a  certain  distinction  between  bow-leg, 
strictly  speaking,  and  genu  varum.  The  first  imphes  bowing  of  the  leg  below 
the  knee,  and  the  second  bowing  at  the  knee.  If,  howe^•er,  the  bowing  is  in  the 
lower  third  of  the  leg,  the  effect  is  to  abduct  the  femur  so  that  the  knee  is  bent 
outward.  And  in  those  cases  in  wlaich  the  deformity  is  most  marked  at  the 
knee,  the  tibia  is  practically  always  deformed.     There  is  this  distinction:  in 


Fig.  627. — Marked  Bowing  of  tlie  Bones 
Below  tlie  Knees  without  Involvement  of  the 
Femora. 
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simple  bow-leg  the  deformit}'  may  be  confined  to  the  tibia  and  fibula,  while 
in  genu  varum  the  femur,  the  bones  of  the  leg,  and  in  some  degree  the  liga- 
ments at  the  knee  are  involved. 

The  deformity  is  so  well  known  that  further  description  is  unnecessary. 
The'  relation  of  tlie  bones  at  the  knee  may  be  imchanged,  l)ut,  as  a  rule,  the 
femur  is  rotated  somewhat  outward  and  the  tiliia  inward.  Thus  intoeing  is 
not  unusual.  There  are  other  general  adaptive  changes  in  the  shape  of  the 
bones  and  in  the  articulations,  due  to  the  altered  conditions  of  weight  and 
strain,  but  these  hardly  reiiuire  extended  comment. 

Treatment. — The  prevention  of  deformity  by  the  treatment  of  rhachitis 
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Fig.  62S. — The  Short  ("Knight")  and  the  Long  ("Napier")  Bow-leg  Braces. 


and  by  the  prevention  of  postures  that  predispose  to  it,  is,  of  course,  of  great 
importance.  At  an  early  age,  manual  correction  of  the  deformity — that  is, 
straightening  the  distorted  bones  by  gentle  force  many  times  daily— may  be 
effective.     If  the  child  has  already  begun  to  walk,  braces  are  often  of  service. 

The  principle  of  the  brace  for  bow-leg  is  essentially  simple.  It  is  a  splint 
apphed  on  the  concave  side,  to  which  the  limb  is  fastened  with  a  certain  press- 
ure. If  the  deformity  is  below  the  knee,  a  short  brace  is  used.  For  example, 
a  light  bar  of  steel  is  fitted  to  tlie  inner  side  of  the  sole  of  the  shoe,  with  a  joint 
at  the  ankle.  Its  upper  extremit}-  is  pro^'ided  with  a  pad  for  pressure  on  the 
internal  condyle  of  the  femui-,  and  a  leather  lacing  or  strap  is  passed  about  the 
leg  and  tightened  to  the  point  of  comfort.     If  the  deformity  is  most  marked  at 
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the  knee,  the  brace  must  extend  to  the  neighborhood  of  the  pubes,  and  in  order 
to  assure  its  position  a  metal  l)and  is  often  passed  in  front  of  the  thigh  to  the 
outside  and  is  joined  to  a  pelvic  band.  Pressure  is  then  exerted,  particularly 
at  the  knee.  (Fig.  028.)  The  object  of  the  brace  is  support  rather  than  active 
correction,  foi-  if  the  jjrogress  of  deformity  is  checked  the  limb  will  gradually 
grow  straighter.  To  hasten  correction,  methodical  manual  correction  and 
massage  should  be  employed. 

Oper.\tive  Treatment. — If  Ijy  manual  pressure  the  bones  are  found  to 
be  yielding,  cure  by  braces,  if  properly  used,  may  be  predicted,  the  time  recjuired 
being  from  six  months  to  a  year.  In  walking  childien  of  three  or  more  years 
of  age,  if  the  deformity  is  well  marked  and  resistant,  operative  correction  is 
advisable.  The  operation  is  practically  free  from  danger,  and  the  result  is 
satisfactory.  If,  for  example,  the  deformity  is  confined  to  the  legs  and  is 
most  marked  just  above  the  ankle,  complete  and  immediate  correction  will 
a.ssure  a  cure  in  a  few  weeks.  But  if  it  is  more  general  and  if,  as  when 
caused  by  rhachitis,  it  is  accompanied  by  laxity  of  ligaments  at  the  knee, 
after-treatment  by  braces  is  often  recjuired,  even  though  the  deformity  has 
been  overcome. 

One  of  the  most  satisfactory  procedures  in  the  milder  type  of  eases  in  young 
subjects  is  manual  correction.  The  limb  is  seized  with  the  hands  and  forcibly 
overcorrected,  the  fracture  being  of  the  green-stick  variety.  For  instrumental 
osteoclasis  the  best  appUance  is  the  Grattan  instrument,  the  Ijones  being  bent 
and  partly  broken  at  the  point  of  greatest  deformity.  This  is  usually  sufficient; 
but,  if  the  distortion  is  severe,  fracture  laoth  above  and  lielow  the  knee  may  be 
necessary.  This  may  be  performed  at  one  sitting,  or  the  second  operation  may 
be  deferred  until  the  effect  of  the  first  is  noted. 

Osteotomy  is  equally  efficacious  by  means  of  the  so-called  subcutaneous 
osteotome.  This  instrument,  about  the  size  of  a  lead  pencil,  flattened  to  a 
cutting  edge,  is  forced  through  the  skin  at  the  concavity  of  the  curve  of  the 
tibia.  It  is  then  turned  to  a  right  angle  with  the  axis  of  the  limb  and  driven 
through  the  cortex  of  the  bone,  then  withdrawn  slightly  and  forced  into  one 
and  the  other  side  until  the  bone  is  sufficiently  weakened  to  allow  fracture  by 
the  hands.  The  filiula  being  bent  or  broken  to  conform  to  the  correction,  the 
minute  wound  is  closed  with  a  single  suture,  and  the  plaster  bandage  is  applied, 
the  deformity  having  been  considerably  overcorrected. 

In  many  instances  the  ojjeration  being  performed  at  the  jjoint  of  greatest 
deformity,  sufficient  correction  may  be  attained  to  compensate  for  the  shghter 
bending  of  the  other  bone.  If  not,  it  may  be  well  to  defer  the  second  osteot- 
omy until  the  result  of  the  first  operation  has  been  tested.  For  it  ^ill  be  borne 
in  mind  that  if  by  the  operation  the  static  conditions  are  changed  the  natural 
transformation  will  bring  about  ultimate  symmetry.  AAliatever  operation  is 
performed,  the  deformity  must  be  o^•ercorrected.     The  bow-leg  must  be  trans- 
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formed  to  knock-knee,  and  vice  versa,  and  the  part  must  be  fixed  in  tlie  new 
position  by  a  plaster  bandage  or  other  support  for  about  eight  weeks. 
If  one  is  in  doubt  on  the  question  of  under-  or  over-correction  of  deformity,  the 
bandage  may  be  removedin  three  weeks,  M^hen,  the  bone  being  flexible,  the  position 
may  be  rectified  and  a  new  support  ajiplied.  AMien  this  is  finally  removed, 
massage,  exercises,  and  caution  as  to  the  degree  of  strain  imposed  are  of  course 
necessary.  If  there  is  the  slightest  sign  of  further  yielding,  braces  must  be 
employed.  The  general  condition  of  the 
patient  must,  of  course,  receive  attention  in 
cases  in  which  weakness  or  active  rhachitis 
is  present. 

Knock-Knee  (Genu  Valgum).— In  the 
erect  posture,  \\'ith  the  limbs  in  contact, 
the  femora,  separated  above  by  the  pelvis, 
incline  somewhat  inward  to  the  Icnees. 
Thus,  the  hmbs  are  not  absolutely  straight, 
but  form  at  the  knees  angles  opening  out- 
ward of  about  172°.  This  angle  is  some- 
what more  acute  in  females,  in  whom  what 
may  be  called  normal  knock-knee  is  often 
present. 

In  cases  of  noticeable  deformity  the 
knees  come  into  contact,  so  that  the  feet 
cannot  be  placed  side  by  side — hence  the 
popular  name. 

In  the  ordinary  form  of  genu  ^•algum 
the  deformity  is  most  marked  in  the  neigh- 
borhood of  the  knee,  the  lower  extremity  of 
the  femur  Iseing  so  bent  that  the  internal 
condyle  is  on  a  lower  plane  than  the  exter- 
nal, so  also  the  internal  bearing  surface  of 
the  tibia  is  somewhat  higher  than  the  ex-     4,     , ,    .■     r-i         •    r^    .        f  .1 

o  tlie  Adaptive  Change    m  Contour  of   the 

ternal.  In  certain  instances  the  deformity  Tibi:^?.  (Original.) 
inducing  the  knock-knee  may  be  almost  en- 
tirely confined  to  the  lower  extremity  of  the  femur,  in  others  to  the  upper  third 
of  the  tibia.  Or,  again,  the  deformity  may  be  almost  entirely  caused  by  a  sharp 
outward  bending  of  the  tibia  at  the  middle,  the  bones  at  the  knee  joints  being 
fairly  normal  in  contour.  In  other  instances  the  distortion  of  the  Isones  may 
be  general,  as  in  the  so-called  corkscrew  deformity  that  has  been  mentioned. 
In  addition  to  the  direct  deformity  of  the  limbs  there  are  secondary  changes 
in  the  contour  of  the  bones.  Foi-  example,  in  advanced  cases  the  tibia  is  flat- 
tened from  before  backv\-ard  and  its  crest  is  apparently  transferred  to  the  inner 


Fit;.  G20.  — Gt-'uu    Valgum,    ilkustrating 
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border.  (I'lf;.  ()29.)  Acfompanyiii^'  these  cxtei'iial  cliaiifips  there  i.s  a  corre- 
spoiulhig  transformation  of  the  internal  struetnre. 

Genu  valgum,  a.s  compai-ed  to  genu  \'aruni,  is  a  much  more  s(>rious  affec- 
tion, and,  aside  from  the  distortion  itself,  is  accompanied  by  changes  in  tht^ 
relation  between  the  component  bones  at  the  knee.  For  example,  the  femur 
is  rotated  inward,  and  tlie  til)ia  is  rotated  outward,  the  patella  being  di.splaced 
somewhat  to  the  outer  .side.  When  the  limb  is  flexed  the  deformity  di.sap- 
pears,  as  explained  by  the  mechanism  of  tiie  knee,  the  tibia  sliding  in  flexion 
behind  the  projecting  inner  condyle.  Thus  com})lete  exten.sion  exaggerates 
the  deformity,  and  the  patient  is  inclined  to  walk  with  the  knees  .slightly  flexed. 
This  in  fact  is  the  habitual  attitude  in  the  ordinary  type  of  rhachitic  knock- 
knee,  which  is  therefore  often  accompanied  by  flexion  conti-action  at  tlie  hips 
and  knees  and  by  retraction  of  the  tissues  on  the  outer  side  of  the  knees. 

Etiology. — As  has  been  stated,  knock-knee  is  symptomatic  of  weakness, 
and  the  relation  of  the  bones  at  the  knee  is  an  exaggeration  of  that  characteris- 
tic of  the  so-called  attitude  of  rest.  Knock-knee,  then,  is  a  deformity  that  may 
be  directly  induced  by  the  habitual  a.ssumption  of  the  predispo.sing  attitude, 
as  in  the  cases  often  seen  in  adolescence,  in  which  the  deformity  is  in  great  de- 
gree dependent  upon  the  changed  relation  of  the  bones  at  the  knee  and  by 
laxity  of  the  ligaments.  In  young  children  knock-knee  is  often  accompanied 
by  .so-called  flat  feet,  and  the  intoeing  attitude — nature's  method  of  resisting 
the  progress  of  the  deformity — is  often  the  symj^tom  that  attracts  attention. 
In  well-marked  knock-knee  of  long  duration,  this  compensatory  resistance  is 
often  shown  in  well-marked  varus  deformity  of  the  feet. 

Symptoms. — The  symptoms  of  knock-knee  are,  practically  speaking,  the 
deformity  itself.  There  is  also,  even  in  mild  cases,  a  peculiar  awkwardness  in 
the  gait  due  to  the  necessity  of  avoiding  interference  at  the  knees,  and  in  ado- 
lescent subjects  there  are  usually  sensations  of  weakness  and  discomfort  after 
long  standing,  referred  to  the  inner  aspect  of  the  knee. 

The  pathology  is  comprised  in  the  deformity  and  the  changes  incidental 
to  it. 

Treatment. — If  the  deformity  is  discovered  in  early  childhood,  the  limbs 
should  be  straightened  by  methodical  manipulation  applied  many  times  during 
the  day.  If  it  is  accompanied  by  flat  feet  the  inner  border  of  the  shoe  should 
be  made  one-fourth  of  an  inch  thicker  than  the  outer  border  in  order  to  lessen 
the  straiii  upon  the  knee.  If  the  child  is  walking  about  and  if  the  deformity 
is  increasing,  braces  are  indicated.  If  these  are  to  be  effective  in  actual  cor- 
rection there  must  be  no  joint  at  the  knee,  because  the  natural  attitude  of 
compensation  for  the  deformity  is  flexion,  which  should  he  prevented. 

An  effective  brace  is  that  of  Thomas,  which  consists  of  a  straight  bar  of 
steel  reaching  from  the  trochanter  to  the  heel  of  the  shoe.  At  the  upper  third 
of  the  thigh  part,  and  at  a  point  opposite  the  middle  of  the  calf,  are  tliin  steel 
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baiuls  long  enough  to  encircle  about  thix>e-quarters  of  the  limb.  These  are 
connected  by  a  .^traiglit  bar  pas.sing  liehinil  the  centre  of  the  knee.  The  brace 
being  adjusted,  the  knee  is  drawn  outwaitl  toward  the  outer  bar  and  back- 
ward toward  the  posterior  bar,  by  bantlages  at  a  tension  not  sufficient  to 
cause  discomfort.  The  effectiveness  of  the  l)race  is  still  further  increased 
by  the  addition  of  a  divided  pelvic  band  joined  to  its  fellow  by  straps  behind 
and  in  front  by  which  the  rotation  of  the  limb  may  be 
regulated.  Tlie  braces  are  worn  when  the  child  is  on  its 
feet,  and  their  use  should  l^e  comliined  with  massage  and 
manual  correction  at  moi-ning  and  night.  Under  favorable 
conditions  the  deformity  maj^  be  corrected  in  about  six 
months.     (Fig.  6.S1.) 

Operative  Treatment. — In  the  stage  of  active  rhachitis 
the  deformity  may  be  corrected  easily  by  the  application 
of  plaster  bandages  in  an  imiM'oved  position;  or  at  one 
sitting,  if  anresthesia  be  employed;  l)ut,  as  a  rule,  in  this 
class  subsequent  support  is  necessary  to  ])revent  recur- 
rence of  the  distortion.  In  the  ordinary  type  the  deformity 
is  most  marked  at  the  loMer  thii'd  of  the  femur,  and  if  the 
bone  be  fractured  at  this  jioint  the  correction  of  the  o|j- 
liciuity  of  the  condyles  will  usualh'  overcome  the  knock- 
laiee.  If,  however,  the  distortion  is  more  general  it  may 
be  necessary  to  straighten  both  the  fennu-  and  the  tibia. 
In  other  instances  the  deformity  is  practically  confined 
to  the  tibia,  in  which  case  the  correction  may  be  confined 
to  this  bone.  Wlienever  the  distortion  is  marked,  an  .?'-ray 
picture  is  of  value  as  indicating  the  proper  site  for  opera- 
tive correction. 

The  typical  operation  for  tlie  ordinary  type  of  knock- 
knee  is  supracondylar  fracture,  subcutaneous  osteotomy 
being  perhaps  the  operation  of  choice.  The  lim!)  having 
been  prepared,  the  patient  is  turned  upon  the  side  and,  the 
inner  aspect  of  the  knee  being  supported  on  a  sand  bag,  the 
lower  extremity  of  the  femur  is  gra.sped  by  the  fingers  and  the  sul)cutaneous 
osteotome  is  thrust  directly  down  upon  the  outer  aspect  of  the  bone  at  a  point 
about  one  inch  and  a  half  al)Ove  the  prominence  of  the  external  condyle,  that  is, 
about  three-t[uarters  of  an  inch  above  the  epiphyseal  cartilage.  The  blade  is  then 
turned  to  a  right  angle  and  is  dri\'en  into  the  cortex  on  one  side  and  the  other 
until  it  is  sufficiently  weakened  to  allow  fracture  with  the  hands,  a  wedge-shaped 
opening  being  left  on  the  outer  side  and  the  bone  Ix'ing  bent  without  separation 
of  the  two  fragments.  The  wound  is  closed  with  a  catgut  suture,  and  a  spica 
plaster  bandage  is  applied  in  the  attitude  of  overcorrection  (moderate  genu 
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Fig.  630.  —  The 
Thomas  Knock-knee 
Brace. 
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viiruiu).  Both  liuibs  are  operated  upon  at  one  sitting,  if  tlie  del'orniity  is 
severe,  the  correction  should  l)e  made  both  above  and  below  the  knee.  In 
this  case,  it  l>i)tli  limbs  arc  to  lie  operated  upun.it  may  l)e\vell  to  postpone  the 
second  operation  for  several  weeks.  If,  however,  osteoclasis  is  employed,  in 
which  the  fracture  is  less  complete,  the  correction  may  be  made  above  and 
l)elow  at  the  .same  time.  For  osteoclasis  the  Grattan  osteoclast  is  to  be  pre- 
feiTcd,  the  attempt  Ix'ing  made  by  adjusting  the  instrument  to  fracture  the 
femur  or  the  tibia  or  both  at  the  points  of  greatest  deformity. 

Some  surgeons — for  examiile,  Lorcnz — who  practise  osteoclasis  attempt  to 


Fig.  631. — The  Modificii  Tliomas  Brace  witli  PeK'ic  Hanil,  Slmwing  <)\-ercorrection  of  Deformity. 

separate  tlie  epiphysis  from  the  diaphysis  in  the  correction,  on  the  ground 
that  the  deformity  is  tlius  more  perfectly  corrected.  But  the  distance  of  three- 
cjuarters  of  an  inch,  the  ]3oint  of  election  for  osteotomy,  is  equally  efficacious 
without  the  possible  danger  of  injury  to  the  growing  bone.  The  plaster  band- 
age is  retained  for  a  number  of  weeks,  four  to  eight,  and  then  massage  and 
exercises  should  be  employed,  resumption  of  function  being  gradual.  In  rha- 
chitic  cases  .support  bj^  braces  may  be  necessary  for  a  time. 

Genu  varum  of  one  limb  combined  with  genu  valgum  of  the  other  causes 
a  very  peculiar  attitude,  for  the  base  of  support  is  displaced,  as  it  were,  to  one 
side.     In  such  cases  operative  treatment  is  indicated  rather  than  the  mechanical. 
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Anterior  Curvature  of  the  Legs.— Anterior  bow-leg  usually  complicates 
general  distortion  of  the  limbs,  and  it  is  more  often  combined  with  knock-knee 
than  with  bow-leg.  In  this  deformity  the  tibia  is  flattened  from  side  to  side, 
it  curves  forward,  and  its  anterior  border  is  often  prominent.  Tlu'  deformity 
is  practically  always  bilateral,  and  as  the  weight  of  the  body  is  thrown  forward 
it  cau.scs  a  \cry  awkward  shuffling  gait,  the  heels  being  prominent  and  the 
foot  Hat. 

Antei-ior  curvature  of  the  tibia  is  usually  caused  by  rhachitis.  It  is,  how- 
ever, a  characteristic  deformity  of  chronic  ostitis  and  thus  a  not  unconnnon 
manifestation  of  hereditary  syphilis.  In  such  cases  the  bone  is  elongated  and 
hypertrophied  in  addition  to  the  distortion.  Other  causes  hardly  need  con- 
sideration. The  treatment  of  anterior  bow-leg  is  like  that  of  other  rhachitic 
distortions.  It  may  be  corrected  in  the  stage  of  formation  by  manii)ulation. 
Its  progress  may  be  checked  by  the  use  of  a  brace  consisting  of  two  upright 
bars  placed  on  either  side  of  the  leg  and  carrying  a  leather  band  to  provide 
pressure  on  the  most  prominent  part  of  the  curvature. 

If  the  deformity  is  advanced,  the  bone  is  not  amenable  to  correction  by 
braces,  and  operative  treatment  is  indicated. 

Osteotomy  or  osteoclasis  may  be  performed,  the  aim  being  to  hold  the  bone 
in  line  and  to  open  a  wedge  on  the  posterior  surface.  This  necessitates  vigor- 
ous stretching  of  the  soft  parts,  and  in  confirmed  cases  division  of  the  tendo 
Achillis  is  necessary.  In  many  instances  more  or  less  overlapping  of  the  an- 
terior border  will  follow  correction,  especially  if,  as  is  often  the  case,  lateral 
distortion  must  be  corrected  as  well.  This  may  be  avoided  by  a  cimeiform 
osteotomy,  but,  although  the  immediate  effect  is  more  symmetrical,  the  ulti- 
mate result  is  no  better  than  when  the  Ijones  are  simply  broken,  for  it  must 
be  borne  in  mind  that  complete  correction  of  deformity  can  be  effected  only 
by  the  natural  process  of  growth. 

1\.   PARALYTIC    DEFORJIITIES    OF    THE   LOWER    EXTREMITIES. 

In  the  etiology  of  the  disabilities  and  deformities  of  the  extremities  follow- 
ing paralysis,  anterior  poliomyelitis  is  by  far  the  most  important  factor. 

This,  as  is  well  known,  is  an  affection,  practically  speaking,  limited  to  infancy 
and  early  childhood.  Thus,  to  the  direct  effects  of  the  paralysis  are  added  the 
distortions  favored  by  the  immatuiuty  of  the  individuals  and  the  loss  of  growth 
that  follows  destruction  of  the  nerve  centres  in  the  spinal  cord,  and  the  effects 
due  to  functional  disuse. 

Defoiniity  after  anterior  poliomyelitis  has  several  more  or  less  direct  causes, 
notably,  the  foice  of  gravity,  unbalanced  muscular  action,  and  functional  use 
of  the  disabled  member. 

Loss  of  growth  corresponds  primaiily  with  the  degree  of  paralysis,  and  secon- 
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(lai'ily  with  the  loss  of  function.  In  some  instances  one  may  note  a  widespivad 
j)araiysis  and  yet  the  nuliition  of  the  liiiih,  and  ]jartieulariy  the  circulation,  are 
fairly  sustained,  while  in  another  instance  (he  paralysis  may  be  limited,  yet  the 
linif)  is  ill  nourished  and  the  jirowth  iniukcdly  checked.  'Hie  inlluence  of  func- 
tional use  is  even  more  direct.  If,  by  the  aid  of  sujjport,  the  limb  has  been 
enabled  to  perform  a  part  of  its  function,  its  growth  and  nutiition  avQ  greatly 
improved  as  contrasted  with  one  which,  because  of  deformity,  is  functionally 
useless. 

The  most  important  function  of  the  lower  extremity  is  to  support  weight, 
and  for  this  even  a  completely  paralyzed  limb  is  capable  when  properly 
braced,  so  that  it  shall  be  straight  and  that  the  foot  shall  be  held  at  a  right 
angle  to  it. 

The  essential  i:)art  of  tlie  later  treatment  (}f  anterioi'  ]iiiIiomyelitis  is  the 
prevention  of  deformity  by  the  proj>er  supi)ort  of  the  more  or  less  disabled 
part  during  the  growing  period.  When  full  growth  is  attained  patients  are 
often  able  by  the  power  of  accommodation  to  the  weakness  to  discard  apparatus 
in  whole  oi'  in  pai-t. 

At  present,  however,  because  of  the  lack  of  ]5reventive  treatment,  the  cor- 
rection of  deformity  must  usually  precede  the  application  of  a]ii)aratus. 

P^ach  muscle  of  the  limb  has  its  function  more  oi-  less  inijjortant,  the 
knowledge  of  which  enables  one  to  predict  the  disability  and  deformity  that 
will  result  from  its  loss. 

Such  results  are  more  directly  apj:)i-cciafile  in  the  various  distortions  of  the 
foot,  which  are  described  imder  Talipes. 

Loss  of  the  quadriceps  extensor  muscle  causes  an  awkward  gait,  the  patient 
swinging  the  limb  forward  and,  as  it  were,  locking  the  knee-joint  at  each  step. 
If,  as  is  usual,  persistent  flexion  follow's,  the  gait  is  very  uncertain,  the  patient 
often  placing  the  hand  upon  the  thigh  to  prevent  the  giving  way  when  weight 
is  borne.  Paral3'sis  of  the  muscles  that  control  the  hip  affect  both  the  move- 
ments of  the  body  and  those  of  the  limb.  The  posterior  muscles  raise  the  body 
when  bent  forward,  while  the  ilio-psoa.s  is  the  most  important  of  the  flexors.  If 
paralysis  of  the  hip  muscles  is  complete  the  gait  is,  of  course,  \'ery  insecure  and 
awkward.  In  those  cases  in  which  the  paralysis  of  the  limb  is  extensive,  the 
brace  employed  should  be  simple  and  strong,  consisting  essentially  of  two  up- 
rights of  steel  of  sufficient  strength,  passing  on  either  side  of  the  limb  and  joined 
by  a  thigh-  and  calf -band  of  thin  sheet  steel,  while  the  foot  is  supjjorted  by  a  sole- 
plate  fixed  at  a  right  angle.  The  outer  bar  is  carried  upward  to  a  point  above 
the  trochanter,  where  it  is  jointed  to  a  pelvic  band  of  light  steel.  This  is  then 
suitably  padded  and  is  adjusted  witli  straps  aliout  the  pelvis,  thigli,  and  calf. 
It  has  but  one  joint,  that  at  the  hip,  and,  thus  being  subjected  to  but  little 
strain,  it  maybe  made  of  light  material.  If  the  hip  muscles  are  active  the  pel- 
vic l)and  is  not  necessary.     In  the  treatment  of  older  subjects  a  joint  and  lock 
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at  the  knee  that  will  allow  tlu'  patient  t><  flex  the  limb  in  the  sitting  posture  are 
of  advantage. 

A.s  lias  been  stated,  deforniity  i.s  an  ahnost  inevitable  sequel  of  paralysis, 
and  in  nearly  all  cases  its  coi-rection  is  necessary  before  apparatus  can  be  applied. 
If  the  paraly.sis  is  e.xtensive,  tlie  usual  distortion  is  flexion  l)oth  at  the  hip  and 
knee  and  also  at  the  ankle  (plantar  flexion).  This  is  partly  due  to  posture 
and  in  part  it  is  explained  by  the  fact  that  the  tensor  vagina  femoris  often 
retains  its  power  when  that  of  the  other  muscles  is  lost.  So  also  the  posterior 
muscles  of  the  limb  are  less  often  completely  paralyzed  than  those  on  the  an- 
terior aspect. 

Correction'. — In  certain  instances  the  deformities  can  be  overcome  by 
methodical  stretching  and  subcutaneous  tenotomy  under  ana'sthesia,  but  if  the 
contraction  is  of  long  stantling  it  is  well  to  divide  the  contracted  parts  by  open 
incision.  An  incision  is  made  directly  do'miward  in  the  line  of  the  limli  from 
the  anterior  superior  spine,  and  the  .shortened  muscles  and  fa.scia  lata  attached 
in  this  neighborhood  are  di\'ided  and  the  wound  is  closed.  So,  also,  at  the  knee, 
if  there  is  much  resistance,  it  is  better  to  cut  the  resistant  tissues  than  to  use 
great  force,  which  might  induce  subluxation  of  the  tibia  or  crush  the  atrophied 
bones.  The  same  method  is  followed  at  the  foot  and  a  long  spica  plaster  band- 
age is  a])plied.  If  this  is  not  too  heavy,  the  patient  may  soon  walk  about  on 
it  and  become  accustomed  to  the  improved  position.  In  a  month  or  more  the 
brace  may  be  apphed.  Ma.ssage  and  exercises  are  important  in  the  after- 
treatment. 

The  operations  of  arthrodesis  and  muscle  transplantation  are  described  in 
connection  with  deformities  of  the  foot.  l']lsewhere  they  are  of  comparatively 
little  importance.  Arthrodesis  at  the  knee-joint  is  not  often  employed  because 
the  majority  of  the  patients  prefer  to  wear  a  brace  rather  than  to  be  unable  to 
flex  the  knee  when  sitting.  Again,  the  operation,  performed  as  it  usually  is  in 
childhood,  does  not  assi're  the  patient  against  deformity,  as  does  an  excision  in 
adult  life.  In  fact,  in  most  instances  support  is  necessary  to  assin-e  the  patient 
against  fle.xion  at  the  knee  or  fracture  of  the  atrophied  bones. 

The  operation,  in  its  details,  is  hke  excision,  except  that  only  a  thin  section 
is  removed  from  the  adjoining  bones.  They  are  then  firmly  sutured  to  one 
another  and  a  plaster  bandage  is  applied.  The  patient  is  encouraged  to  use  the 
liiiil)  in  walking  as  soon  as  the  sensitiveness  has  subsided. 

Arthrodesis  at  the  hip  rarely  assures  Ijony  ankylosis,  liut  the  .security  of 
the  part  is  increased.  The  joint  is  o]iened  liy  the  antero-lateral  incision 
employed  in  the  treatment  of  congenital  dislocation  of  the  hip.  The  head  of 
the  bone  is  exposed  by  outward  rotation  and  extension,  and  the  cartilage  is 
removed.  A  sharp  spoon  is  tlien  introduced  into  the  acetabulum,  which  is  in 
turn  bared.  The  parts  are  then  replaced  and  the  limb  is  fixed  in  moderate 
alKluction  and  exten.sion  by  means  of  a  plaster  .spica  bandage.     The  usual 
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result  is  fibrous  ankylosis,  with  a  tcndpncy  to  flexion  and  adduction  deformity. 
Thus  the  jjart  must  be  suppoited  by  a  brace  or  other  means  for  a  long  time. 
The  operations,  particulai'ly  at  the  hip,  are  useful  in  selected  cases. 

If  tlic  (|uadriceps  extensor  muscle  is  pai-alyzed  and  the  sai'torius  retains 
its  power,  the  latter  may  lie  utilized  to  restore,  in  some  degree  at  least,  the 
power  of  extension.  A  long  incision  is  made  on  the  lower  third  of  the  inner 
aspect  of  the  thigh,  somewhat  to  the  inner  side  of  tlu>  i)atella.  The  sartorius 
is  recognized  as  the  onl}'  nuiscle  whose  fibres  run  downward  and  inward.  It 
is  divided  just  over  the  joint,  freed  from  its  attachments,  and  at  a  certain 
tension  is  firmly  sewed  with  silk  to  the  tendinous  attachment  of  the  cjuadri- 
ceps  extensor.  The  wound  is  then  closed  and  the  limb  is  supported  in  the 
extended  position  for  several  months.  A  certain  power  of  extension  is  usually 
regained. 

Tendon  Transplantation. — As  has  been  mentioned,  one  of  the  causes  of 
deformity  after  paralysis  is  unbalanced  muscular  action.  A  muscular  group 
which  has  lost  its  antagonist,  stimulated  bj'  the  necessity  of  carrying  on  func- 
tion, distorts  the  part  on  which  its  force  is  exerted.  In  such  cases  removal  of 
the  deforming  agency  even  may  be  of  advantage,  and  if  at  the  same  time  the 
power  is  transferred  to  a  point  at  which  it  will  counteract  the  tendency  toward 
distortion,  the  patient  may  be  greatly  benefited. 

As  a  rule,  tendon  transplantation  should  be  considered  as  palliative  rather 
than  curative,  for  as  each  muscle  has  its  special  function  its  loss  can  never  be 
perfectly  rejalaced  by  any  rearrangement  of  the  remaining  power. 

The  first  operation  of  this  character  was  performed  by  Nicoladoni  in  1882, 
who  transplanted  the  two  peronei  muscles  to  the  tendo  Achillis  for  the  relief 
of  paralytic  calcaneus.  Since  then  many  modifications  have  been  introduced. 
Originally,  the  tendon  of  the  active  muscle  was  usually  apposed  to  that  of  the 
paralyzed  one,  or,  if  divided,  it  was  sewed  to  it.  At  the  present  time  the  sug- 
gestion of  Lange  to  remove  the  tendon  of  the  transplanted  muscle  from  its 
former  position  and  to  attach  it  directly  to  the  periosteum  or  to  the  bone  itself 
at  the  point  of  greatest  mechanical  advantage,  is  more  often  followed.  If 
the  tendon  is  too  short  for  this  purpose,  it  may  be  lengthened  to  the  desired 
degree  with  a  strong  silk  cord,  which  in  time  is  replaced  by  fibrous  tissue. 

The  operation  of  tendon  transplantation  should  not  be  performed  until 
the  exact  degree  of  irremediable  paralysis  is  ascertained.  Thus,  preferably,  it 
should  be  deferred  for  several  years  after  the  onset  of  the  paralysis.  Nor  should 
it  be  performed  until  after  all  deformity  has  been  corrected,  so  that  weakened 
muscles  may  have  had  an  opjaortunity  for  development.  The  most  favoralile 
class,  therefore,  is  the  adolescent,  in  which  the  patients  have  received  efficient 
protective  treatment  and  in  which  the  paralysis  is  limited  in  extent.  The  first 
essential  is  a  knowledge  of  the  function  of  the  muscles  that  support  the  foot, 
for  it  is  here  that  the  great  majority  of  operations  are  performed. 
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The  follo^vi^g  table,  modified  slightl}'  from  that  of  Codivilhi,  ilkistrates  the 
function  of  the  muscles  and  their  relative  importance  in  simple  and  combined 
movements : 


Tibialis  anticus 

Extensor  proi)rius  hallucis. 
loiifjus  iligitorum, 

Peroneus  ))revi.s 

"         longus 

Gastrocnemius  and  soleus. 

Tibialis  posticus 

Flexor  longus  hallucis. 

"      disiitorum  . .  . 


Dorsal 

Plantar 

Adduc- 

Abduc- 

Prona- 

flexion. 

flexion. 

tion. 

tion. 

tion. 

1 

3 

2 

3 

3 

6 

2 

2 

3 

1 

1 

1 

2 

4 

1 

2 

3 

.5 

4 

Supina- 
tion. 


The  strength  of  a  muscle  may  be  fairly  estimated  by  its  weight,  which,  ac- 
cording to  Fick,  is  indicated  by  the  following  table : 


Grams. 

Tibialis  anticus 49.2 

Extensor  longus  hallucis 12.3 

Extensor  longus  digitorum 18.2 

Peroneus  tertius 3.5 

Gastrocnemius  and  soleus 277.0 


Grama. 

Tibialis  posticus 39.6 

Flexor  longus  hallucis 33.2 

Flexor  longus  digitorum 12.3 

Peroneus  longus 24.0 

Peroneus  brevis 16.5 


It  will  he  noted  that  the  weight  of  the  tibialis  anticus  is  greater  than  that 
of  all  the  othei'S  on  the  front  of  the  foot,  and  that  the  weight  of  the  calf  muscle 
is  considerably  greater  than  that  of  all  the  others  combined. 

Certain  suggestions  may  be  made  as  to  the  operation  of  tendon  transplanta- 
tion, the  details  of  which  are  described  elsewhere.     (Vol.  II.) 

First,  that  it  is  at  best  a  palliation  rather  than  a  cure. 

Second,  that  a  weak  muscle  cannot  take  on  the  function  of  a  stronger  one  in 
addition  to  its  own ;  therefore  it  should  be  entirely  separated  from  its  former  attach- 
ment and  placed  at  the  point  at  which  it  may  work  at  best  advantage.  On  the 
other  hand,  a  portion  of  a  strong  muscle  may  be  used  to  replace  a  weaker  one. 

Third,  muscles  of  similar  function  work  at  better  advantage  when  trans- 
ferred than  those  whose  function  is  opposed.  An  extensor  on  the  back  of  the 
leg,  for  example,  can  hardly  serve  efficiently  as  a  dorsal  flexor. 

Foui-th,  whenever  this  is  possible  tendon  transplantation  for  the  relief  of 
deformity  should  be  su])plemented  b}'  other  procedures — such,  for  example,  as 
are  described  under  Talipes. 


V.   CEREBRAL   PARALYSIS  AND  ITS   DEFORMITIES 

Cerebral  paralysis,  as  compared  with  anterior  poliomyelitis,  is,  from  the 
orthopedic  standpoint,  of  slight  importance.  The  lesion  being  of  the  brain,  the 
distribution  of  the  paralysis  varies.     It  may  be  diplegic,  paraplegic,  or  hemi- 
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plegic.  The  diplegic  and  paraplegic  distributions  usually  indicate  congenital 
defect  or  disease,  and  are  almost  invariably  accompanied  by  mental  impair- 
ment, often  to  an  extreme  degi'ce. 

Hemiplegia  is  more  often  the  result  of  disease  after  birth,  and  the  cerebral 
impairment  is  correspondingly  less. 

As  far  as  deformity  is  concerned,  there  is  usually  .slight  flexion  at  the  hip, 
with  a  tendency  toward  adduction  and  e()uino-varus  deformity  of  the  foot. 
The  patient,  pro\'ided  the  equilibrium  is  sufficiently  stable  to  permit  locomo- 
tion, walks  about  with  an  awkward,  .shuffling  gait.  In  this  affection  the  refle.xes 
are  exaggerated  and  the  disability  is  due  to  los.s  of  control  rather  than  to  actual 
paralysis.  In  the  early  years  of  life  the  deformities  may  be  overcome  easily 
by  manipulation,  but  later  they  become  fixed  by  retraction  of  tlie  muscles.  In 
early  life,  therefore,  systematic  manipulation  and  massage,  combined  with  train- 
ing, may  lessen  the  disability  and,  for  a  time,  leg  Ijraces,  which  are  attached  to  a 
pelvic  band  and  which  hold  the  limbs  in  a.synuuetrical  position,  may  be  of  service. 
In  many  instances,  particularly  in  the  older  cases,  nnilti])le  tenotomies  of  the 
contracted  muscles  serve  a  useful  purpose  in  overcoming  defoi-mity  and  lessen- 
ing, by  elongating  the  tendons,  the  exaggerated  muscular  I'esponse  to  stim- 
ulation. 

Thus,  in  certain  instances  the  adductors  and  flexors  at  the  hip  and  the  pos- 
terior tendons  at  the  knee  and  ankle  may  be  elongated  with  advantage.  Ten- 
don transplantation  may  be  employed  also  for  the  same  purpose.  In  some 
instances  the  hamstrings  have  been  transferred  to  the  anterior  aspect  of  the 
thigh  and  inserted  by  means  of  silk  tendons  into  the  patella.  The  ultimate 
improvement  in  such  cases  is  due  probably  more  to  the  direct  removal  of  the 
distorting  force  than  to  the  positive  gain  in  the  opposing  group. 

An  operation  of  more  direct  \-alue  is  the  splitting  of  the  tendon  of  the  tib- 
ialis anticus  and  the  attaching  of  the  outer  half  to  the  outer  border  of  the 
foot,  as  described  in  the  section  on  Talipes. 

It  must  be  borne  in  mind  that  there  is  no  actual  paralysis  of  the  muscles  in 
cerebral  palsy,  but  rather  a  paresis  and  loss  of  control.  On  this  account  one 
must  not  fix  the  parts  for  too  long  a  time  in  the  overcorrected  position,  for  fear 
of  replacing  one  deformity  with  another.  This  aj^plies  particularly  to  the  foot  in 
which  calcaneus  may  take  the  jjlace  of  equinus  after  tenotomy  of  the  tendo 
Achillis  if  the  overcorrection  is  extreme. 

VI.    VARIOUS    DISABILITIES    OF    THE    FOOT. 

The  Weak  Foot;  Fiat-Foot;  Splay-Foot. — By  far  the  most  important  of  all 
the  disabilities  of  the  foot  is  the  so-called  flat-foot,  a  popular  but  misleading 
term;  misleading  because  it  calls  attention  to  an  effect  rather  than  to  a  cause. 
For  in  a  very  large  proportion  of  the  cases  the  lowering  of  the  arch  is  simply 
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the  result  of  hal)itual  posture,  the  normal  elevation  l)eing  restored  uhen  the 
proper  attitude  is  assumed.     (Figs.  632,  633.) 

The  foot,  when  properly  used,  is  under  direct  control  of  the  muscles,  ami  the 
attitudes  assumed  are  those  which  are  adai)ted  to  the  work  that  is  required  of 
it.  Thus  the  attitudes  of  activity  are  opposed  to  those  of  rest,  and  it  is  this 
alternation  of  postures  that  protects  the  foot  from  overstrain. 

In  shoe-wearing  people,  however,  the  foot  is  often  habitually  used  as  if  its 
only  function  were  to  support  weight.     To  illustrate:  when  the  foot  is  turned 


liG.   632.  Fig.  033. 

Fig.  632. — Illustrates  Volunt,iry  Protection  of  the  Foot  from  Overstrain.  (Compare 
with  Fig.  633.) 

Fig.  633. — ."V  Normal  Foot  Placed  in  the  .\ttitude  of  .Vbductiou.  Illustrating  the  Simulation 
of    Weak    or    Flat-foot.      (See  Fig.  632.) 


inward  on  the  leg  (adducted),  it  will  be  noted  that  its  inner  border  is  concave, 
the  arch  is  increased  in  depth,  and  the  sole  is  inverted.  'When  it  is  turned 
outward  (abducted),  the  sole  is  everted  and  the  internal  contour  is  convex.  In 
the  normal  attitude  of  activity — for  example,  in  walking — the  strain  represented 
by  a  line  drawii  through  the  centre  of  the  leg  should  ])ass  over  the  .second  toe, 
practically  the  centre  of  the  foot.  Thus,  falling  momentarily  on  the  heel,  the  strain 
is  transmitted  along  the  outer  border  of  the  foot  to  the  front.  As  the  body 
is  lifted  by  the  calf  muscle  the  weight  is  directed  outward  because  the  line  of 
the  metatarso-phalangeal  joints  or  fulcrum  is  obliciue — the  outer  the  short,  the 
inner  the  long,  side.     (Fig.  634,  a.)     This  presupposes  the  proper  attitude  in 
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walkiiifi;,  in  which  there  is  but  very  .sHjiht  tviniiiis  outward  of  the  toes,  and  in 
which  tliere  is  a  "spring"  in  tlie  gait. 

In  the  passive  attitutle,  on  tlie  otlici-  hand,  tlie  feet  are  turned  outward  to 
assure  a  wide  base  of  .'iujiport.  There  is,  in  great  degree,  muscular  relaxation. 
The  feet  are  in  what  is  known  as  the  attitude  of  rest,  in  which  the  weight  is 
supported  principally  by  the  ligaments.  If  the  weight  is  supported  on  one 
limb,  as  when  the  individual  stands  at  ease,  the  foot  is  al)ducted  or  everted 
in  its  I'clation  to  the  leg,  the  weight  is  thrown  on  its  inner  side,  and  the  line  of 
strain  falls  inside  the  great  toe.  This  attitude,  proper  when  the  foot  is  at  rest, 
is  manifestly  alsnormal  when  active  work  is  required  of  it,  and  yet  the  habit- 
ual assumption  of  an  approximation  to  this  posture  is  very  common  in  other- 


FiG.  634. — Shows  Normal  and  .\bnormal  Attitudes  in  Walking,  a,  Tlie  proper  attitude  in  activ- 
ity, illustrating  the  adduction  of  the  fore-foot  when  the  body  is  lifted — the  ''springy  gait";  6,  the 
improper  attitude  of  outward  rotation  of  the  limbs — the  "heel  walk." 


wise  normal  individuals.  (Fig.  634,  6.)  Indeed,  exaggerated  outward  rotation 
of  the  hmbs  is  often  enforced  on  children  liy  jxxrents  and  teachers,  because  it 
is  thought  to  be  a  graceful  attitude  rather  than  one  which  necessitates  an  awk- 
ward gait  and  which  predisposes  to  disability.  Outward  rotation  of  the  limb, 
a  movement  taking  place  at  the  hip  joint,  must  not  be  confounded  with  ab- 
duction of  the  foot,  in  which  the  mo^•ement  is  made  at  the  joints  in  front  of 
and  below  the  astragalus.  Outward  rotation  predisposes  to  abduction,  and  per- 
sistent abduction  may  be  readilj'  exaggerated  to  deformity. 

This  i^assive  posture  may  be  called  the  attitude  of  wealcness,  and  flat-foot, 
which  is  simply  an  exaggeration  of  this  attitude,  may  properly  be  called  the 
weak  foot.     (Fig.  635.) 

It  is  evident  that  weight  habitually  borne  on  the  inner  side  of  the  foot  must 
tend  to  break  down  the  arch,  and,  in  a  large  proportion  of  the  cases  acquired 
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Fig.  635.— Typical  Weak  Feet  of 
Moderate  Degree,  Illustrating  the  Com- 
ponent Elements  of  Abduction  and  De- 
pression of  the  Arch. 


ill  adult  life,  whatever  actual  flatne.-^s  is  present  was  gradually  acquired,  in- 
duced by  this  habitual  malposition. 

On  the  other  hand,  there  is  a  tyiie  of  foot  wiiicli  is  actually  flat,  as  shown 
by  the  imprint  of  the  sole.  In  this  class  the  heel  projects,  and  the  bulging  of 
the  inner  border  is  less  noticeable  than  in  the  other  class.  A  low  arch  of  this 
type  may  be  an  inherited  peculiarity,  possibly  a  racial  characteristic,  in  which 
case  there  is  no  discomfort.  In  most  in- 
stances, however,  it  is  due  to  weakness  and 
laxity  of  the  tissues  in  early  childhood,  a 
notable  cause  being  rhachitis. 

As  has  been  stated,  it  is  the  process  of 
breaking  down  that  causes  the  disaliling 
symptoms.  If,  then,  the  foot  has  always 
been  flat,  as  in  the  cases  mentioned,  and  if 
the  component  parts  have  become  adapted 
to  the  deformity  during  development,  the 
only  symptoms  may  be  the  deformity  and 
the  awkward  gait  that  usually  accompanies 
it ;  whereas  the  process  of  deforming  a  nor- 
mal foot  must  of  necessity  be  long  and 
painful. 

The  weak  or  flat  foot  has  been  defined  as  one  in  which  there  is  an  abnor- 
mal persistence  or  exaggeration  of  the  passive  attitude  of  abduction.  (Fig. 
636.)  The  most  noticeable  peculiarity  of  such  a  foot  is  the  bulging  of  the 
inner  border  due  to  the  inward  rotation  of  the  astragalus,  which  has  turned 
downward  and  inward  U])on  the  os  calcis.  This  supporting  bone  is  also  rotated 
slightly  in  the  same  direction  and  tilted  so  that  its  upper  surface  presents  an 
inclined  plane  to  favor  the  further  displacement  of  the  astragalus,  the  front 
of  the  foot  being  inclined  outward.  The  astragalus  supports  the  leg,  which  is 
therefore  rotated  inward,  so  that  the  line  of  strain  now  passes  inside  the  great 
toe,  and  the  weight  of  the  body  is  sujjjiorted  almost  entirely  on  the  inner  border 
of  the  foot,  as  is  illustrated  Ijy  the  wear  on  tiie  sole  of  the  slioe.  (Figs.  637 
and  638.) 

Etiology. — The  weak  foot  is,  in  the  great  majority  of  cases,  the  result  of 
the  disproportion  between  the  strength  of  the  supporting  structure  and  the 
weight  and  strain  that  it  is  called  upon  to  sustain.  For  example,  the  foot  may 
be  congenitalh'  weak  or  deformetl.  Its  weakness  may  be  the  result  of  rha- 
chitis or  other  form  of  malnutrition  in  cliildhootl.  It  may  be  weakened  directly 
or  indirectly  by  various  diseases  or  by  injury:  and,  as  has  been  stated,  it  is 
almost  always  weakened  l)y  improper  and  ill-fitting  shoes. 

On  the  other  hand,  it  ma}'  be  overburdened  l)y  an  increase  of  body  weight 
or  by  laborious  occupation,  or  the  muscles  and  other  tissues  may  be  temporarily 
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weakened  as  the  result  of  illness.  In  a  great  proportion  of  the  cases,  however,  the 
strength  of  the  foot  would  he  quite  sufficient  for  the  work  recjuired  of  it,  were 
it  not  that  it  is  i)laced  at  a  disadvantage  hy  I  he  habitual  and  unnecessary 
assuniptidii  (if  (lie  j>assive  attitude  in  the  iilacc  of  normal  altci-nation  of  posture. 
The  foot,  in  spite  of  maltreatment,  usually  remains  cllicient;  thus  it  is 
that  a  sjK'cial  exciting  cause — for  example,  lahorious  occu])ation — is  so 
noticeable  in  hospital  practice,  a  i-elatively  large  i)roportion  of  tlie  male  pa- 
tients  being    bartenders,  waiters,  and   others  of    the   c]a.ss   who    stand  much 


Fig.  636. — Weak  Feet,  Illu.strating  Abduction  and  tlie  Attendant  Depression  of  the  Arch. 


of  the  time.  It  is  apparent,  therefore,  that  the  statistics  of  this  class 
do  not  adequately  represent  the  subject,  especially  so  .since  it  is  discomfort 
and  disability  rather  than  awkwardness  and  deformity  that  account  for  the 
visit  of  the  patient. 

For  example,  883  new  patients — comprising  nearly  twenty  jier  cent  of  the 
strictly  oi'thopedic  cases — applied  for  treatment  of  this  affection,  in  1904,  at  the 
Hospital  for  Ruptured  and  Crippled:  4()7  of  these  were  males;  580  were 
more  than  twenty-one  years  of  age  and  but  119  were  less  than  fourteen  years. 
And  yet  it  may  be  assumed  that  the  weak-foot  is  very  conunon  in  childhood, 
although  the  symptoms  of  discomfort  do  not  apjaear  until  adolescent  or  early 
adult   life,  a  period  when  the  strain  is  greatest.     When  they  are  delayed  imtil 
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middle  life,  there  is  usually  a  predisposing  cause,  eitlier  general  or  local.  The 
affection  is  usually  bilateral,  although  it  often  begins  in  one  foot,  appearing 
later  in  the  other  after  the  patient  has  for  a  time  favored  the  weaker  one. 

Symptoms.— The  symptoms  of  weak  or  flat  foot,  which  in  its  inception  is 
an  abnormal  jiersistence  of  the  passive  attitude,  in  which  the  limb  has  a  tend- 
ency to  become  displaced  toward  the  inner  side  of  the  foot,  are  incidental  to 
this  displacement.  They  are  therefore  usually  more  marked  and  disabling 
during  the  breaking  down  of  a  well-formed  foot  than  in  one  in  which  the  arch 
was  originally  low,  since  it  may  be  assumed  that  a  quiescent  stage  is  reached 
when  further  displacement  is  ini[)ossible.  This  final  staliility  in  the  well- 
formed  foot  would  implv  great  lateral  deformity  and  practically  complete  dis- 
organization of  the  normal  relations,  while  in  the  other  instance  it  might  mean 
nothing  more  than  a  slight  increase  of  the  habitual  malposition.     This  ex- 


FiG.  G37.  Fig.  638. 

Fig.  637.— The  Normal  Relation  of  the  .\.stragalus  to  the  Os  Calcis.      (See  Fig.  642.) 

Fig.  63S. — The  Normal  Relation  of  the  Astragalus  to  the  O.s  Calcis  in  Confirmed  Weak  Foot. 

plains  the  fact  that  the  symptoms  bear  no  particular  relation  to  the  degree  of 
deformity,  but  are  dependent  upon  the  strain  and  injury  to  which  the  weak- 
ened foot  is  subjected.  For  example,  in  ordinary  cases,  there  are  sensations 
of  weakness  and  discoriifort  referred  to  the  inner  side  of  the  ankle  and  foot, 
often  pain  or  sensitiveness  in  the  heel  in  the  neighborhood  of  the  great  toe  or 
below  the  external  malleolus  and  about  the  dorsum  of  the  foot.  As  the  affec- 
tion pi'ogresses,  the  symptoms  become  more  acute  and  are  accompanied  by 
muscular  spasm.  The  patient  then  notices  stiffness  whenever  he  resumes 
activity  after  rest.  Thus,  on  rising  from  a  chair  he  limps  or  staggers  until 
further  use  forces  the  bones  back  into  their  habitual  po.sition.  Cramps  in  the 
calves  and  pain  about  the  knees  or  in  the  back  arc  not  unusual  accomiwni- 
ments,  especially  in  females. 

In  cases  of  long  duration,  particularly  of  the  rigid  type  of  deformity,  there 
are  other  symptoms  of  inactivity;  for  example,  passive  congestion,  excessive 
perspiration,  varicose  veins,  and  atroi)hy  of  the  muscles.  The  internal  changes 
are  those  of  accommodation  to  the  dcforniity:  thus,  adaptive  shortening  and 
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and  ill  the  shape  of  the  bones,  varying  witli  the  degree  and  duration  of  the  dis- 
abihty.  In  tlie  ordinary  type  of  wealv-foot  these  organic  changes  are  slight. 
In  cases  of  long  standing,  on  the  other  hand,  there  may  be  practical  di.sorgan- 
ization  of  the  joints. 

Diagnosis. — In  general  it  may  be  stated  that  pain  in  the  foot  in  the  situa- 
tions mentioned,  increased  by  use  and  relieved  by  rest,  is  sufficiently  diagnostic 
of  local  ■weakness,  as  contrasted  with  rheumatism  or  gout,  for  which  it  is  .so 
often  mistaken.  It  is,  of  course,  evident  that  these  affections  may  induce  weak- 
foot,  or  comiilicate  il,  hut  in  the  majority  of  ca.ses  the  di.'^ability  is  purely  local. 


Fig.  639. — Weak  Feet  in  Childhood.  Showing  tlie  Shglit  Characteristic  Bulging  on    the  Inner 
Border,  the  Earliest  Indication  of  Weakness.      (Compare  with  Fig.  640.) 


As  the  symptoms  depend  upon  the  strain  and  injury  that  the  weakened 
foot  sustains,  they  are  lessened  or  are  relieved  by  rest  or  by  a  change  of  occu- 
pation. Thus,  in  ordinary  cases  of  the  disal^ility  there  are  jjeriods  of  comfort 
or  remission  alternating  with  tho.se  of  discomfort.  Usuall}'  there  is  an  in- 
stinctive adaptation  of  the  habits  to  the  weakness — an  adaptation  that  re- 
stores, as  it  were,  the  eciuilibrium,  so  that  the  patient  is,  under  ordinary  con- 
ditions, comparatively  comfortable. 

As  has  been  stated,  the  disability  is  not  [iroportional  to  the  degree  of 
deformity.     Thus,  in  childhood,  when  the  weight  and  strain  are  slight,  awk- 
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wardness  and  distortion  are  tiie  principal  symptoms,  wliile  in  adult  life  dis- 
comfort and  pain  are  of  far  greater  importance. 

From  the  nature  of  the  affection,  then,  it  would  ajipear  that  the  earliest 
symptom  should  l;)e  an  a^vkward  walk,  for,  as  the  feet  are  habitually  abducted, 
the  jjower  of  the  calf  muscle  is  ilisplaced  inward  in  its  relation  to  the  fulcrum, 
and  the  gait  is  heavy  and  inelastic — a  "heel  walk."  The  slightly  bulging  inner 
border  of  the  foot  and  the  signs  of  wear  on  the  inner  boixler  of  the  shoe  have 
been  mentioned  already.     (Fig.  640.) 

The  next  step  in  the  progress  of  deformity  is  limitation  of  normal  motion. 
For  example,  when  the  passive  attitude  has  persisted  for  some  time,  the  ability 
voluntarily  to  adduct  the  foot  is  lessened,  and,  when  the  muscles  have  become 
adapted  to  the  habitual  posture,  the  range  of  passi^•e  motion  is  lessened  also. 


Fig.  640. — Weak  Feet  in  Childhood.     The  shoes  indicate  tlie  lialjitual  attitude. 

In  this  class  of  eases,  of  progressive  and  painful  deformity,  muscular  spasm  is 
present  in  a  degree  corresponding  to  the  acuteness  of  the  symptoms — a  spasm 
which  prevents  movement,  causing  the  stiffness  of  which  the  patient  com- 
plains. It  may  be  noted  here  that  although  turning  of  the  feet  outward  is  one 
of  the  commonest  causes  and  accompaniments  of  the  weak-foot  in  adult  life, 
intoeing,  on  the  other  hand,  is  the  common  position  in  early  childhood.  At 
this  period  of  life,  nature's  remedies  and  compensations  are  oftenest  apparent, 
and  the  intoeing  is  the  natural  I'emedy  both  for  weak-foot  and  for  knock-knee. 
It  is  this  synrptom  that  usually  first  calls  the  mother's  attention  to  the  under- 
lying deformity. 

There  are  several  types  of  the  weak-foot.  In  childhood  the  deformity  is 
ver}'  often  the  direct  result  of  general  weakness — for  example,  rhachitis.  The 
nmscles  and  ligaments  are  relaxed,  and  the  entire  sole  of  the  foot  often  rests 
upon  the  floor.  Such  a  foot  is  properly  called  flat.  Another  type  common 
in  older  children  is  the  so-called  weak  ankle,  in  which  the  arch  is  but  little 
depressed,  but  is  in  a  position  of  valgus  when  weight  is  borne,  so  that  the  malle- 
oU  interfere,  and  the  shoe  is  worn  away  at  this  point. 
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Fig.  Oil.— Acl.liii'tion  of  the 
Fore-foot  Coinbined  with  ^'aI- 
gus;  an  Uncommon  Type. 


Ill  older  subjects,  there  is  every  \-ariety  of  type  from  diseomfort  without 

deformity  to  e.\ti'cnu>   deformity  witliout  di.seomfort.     In  one  the  pain,  jfrin- 

cipally  of  tlie  nature  of  tire  and  strain,  is  due  to  the      _ 

assumption  of  improper  postures.     And  in  (lie  early 

stage  there  may  ))e,  practically  siJeaking,  no  deform- 
ity, and  but  slight  limitation  of  the  ])o\ver  to  invert 

the  foot.     At  the  other  extreme  of  this  type,  in  which 

the  arch  is  of  normal  depth,  the  foot  may  be  held 

in   a  position  of  fixed  abduction.     This  deformity, 

which  is  usually  the  result  of  injury,  is  often  classed 

as  "chronic  sprain."     In  another  class  of  cases  the 

arch  is  completely  liroken   down,  so  that  the  entire 

sole  is  in  contact  with  the  ground.     This  type,  the 

typical  flat-foot,  has  usually  persisted  since  childhood. 

Between  these   extremes  one   finds  every  grade   of 

deformity    and    disability;      the    disabilitj'',    as    has 

been   stated,  being  dependent    rather    upon    strain 

and    injury   than   on   the 
degree  of  defoi'inity. 

Treatment. — As  the 
so-called  flat-foot  is,  in  most  instances,  an  acquired 
disability,  prevention  is  of  the  first  importance. 
This  must  include  jiroper  shoes,  so  fashioned  as 
not  to  deform  tlie  foot  or  to  cramp  the  toes  or  to 
weaken  the  muscles,  and  the  avoidance  of  atti- 
tudes that  favor  deformity.  For  examj^le,  the 
feet  should  be  nearly  parallel  in  walking,  and  a 
certain  spring  or  leverage  by  active  use  of  the  calf 
muscles  should  lie  cultivated.  One  should  avoid 
also  long  persistence  in  tlie  pas.sive  attitude,  even 
though  it  is  proper  for  the  work  required.  For 
instance,  if  the  individual  must  stand  for  long 
periods  he  should  relieve  the  continual  strain  liy 
occasionally  raising  the  l)ody  on  the  toes  or  by 
throwing  the  weight  tov^'ard  the  outer  boi'der  of 
the  foot.  This,  of  course,  applies  to  tlie  treatment 
of  the  mild  cases  of  weak-foot.  In  addition,  the 
inner  border  of  the  heel  and  sole  of  the  shoe  should 
be  made  thicker  (about  one-ciuarter  of  an  inch)  and, 

Fig.  642.— The  Proper  Rela- 

tion  of  the  Sole  of  the  Shoe  to     as  it  wcrc,  wedgc-shapcd,  SO  that  the  weight  may  be 
the  Shape  of  the  Foot.    .4,  Out-     inclined  towaixl   the  outer  or  stronger  side  of  the 

line  of  the  sole;    B,  outline  of  \        mi  •  i         i  i 

the  foot;  c,  imprint  of  the  foot.     foot.     (Fig.  643.)     The  patient  should  assu me  the 
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attitudes  opposed  to  deformity:  thus,  for  example,  in  sitting  the  feet  may  lie 
crossed  so  that  the  weight  resting  on  the  outer  borders  may  enforce  the  position 
of  adduction. 

The  patient  should  also  strengthen  the  adductors  by  voluntarily  turning  the 
feet  inward  over  and  o-ver  again  to  the  varus  attitude.  (Fig.  672.)  The  most  effec- 
tive exerci.se  is  the  following:  the  patient  stands  ei'cct  and  turns  the  feet  inward 
— the  pigeon-toe  attitude.  He  then  raises  the  body  slowly  on  the  toes  as  far  as 
possible,  then  .slowly  sinks  downward,  at  the  same  time  rtilling  the  feet  into 


Fig.  643. — The  Internal  Border  of  the  Shoe  Thickened  According  to  Thomas'  Metliod.  If  braces 
are  worn  only  the  inner  border  of  the  heel  and  the  inner  border  of  the  bearing  surface  of  the  sole  are 
thickened. 


.should  be  carried  to  the  ]>oint  of  fatigue  twice  daily. 

If  the  patient  is  unable  by  ^•oluntary  efl'ort  to  restrain  deformity,  a  brace 
for  temporary  or  permanent  use  is  indicated.  Such  a  brace  should  be  designed 
actually  to  restrain  deformity,  as  contrasted  with  the  sole  plates  that  are  usu- 
ally applied  and  that  ha^'e  little  influence  on  the  lateral  distortion:  and,  as  an 
accurate  fit  is  essential,  a  plaster  cast  of  the  foot  should  be  taken  in  the  follow- 
ing manner:  Seat  the  ])atient  in  a  chair:  in  front  of  him  place  another  chair 
of  equal  height:  on  it  lay  a  thick  jiad  of  cotton  batting  and  cover  it  with  a 
scjuare  of  cotton  cloth.  Put  about  a  quart  of  cold  water  into  a  basin  and 
sprinkle  plaster  of  Paris  on  the  surface  until  it  does  not  readily  sink  to  the 
bottom,  then  stir.  When  the  mixture  is  of  the  consistence  of  very  thick  cream 
pour  it  upon  the  cloth.  The  patient's  knee  is  then  flexed  and  the  outer  side 
of  the  foot,  previously  smeared  lightly  with  vaseline,  is  allowed  to  sink  into 

VOL.   IV. — .^6 
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Fig.  644. — A  Cast  Marked  for  the  Mechanic. 
The  dejith  of  tlie  arch  is  not  shown  in  the  repro- 
duction of  tlie  photograph. 


the  phi.stcr,  ami,  the  lidrdcrs  nf  llic  cloth  hcinj:;  raisctl,  the  piaster  is  pressed 
against  the  ioot  until  rather  more  than  half  of  it  is  eovered. 

The  foot  .should  be  at  a  right  angle  with  the  leg,  and  the  sole  .should  be  in 
the  plane  perpendicular  to  the  seat 
of  the  chair.  As  soon  as  the  plaster 
is  hard  its  upper  surface  is  coated 
with  A'aseline,  and  the  remainder  of 
the  foot  is  covei'cd  witli  plaster. 
The  two  halves  are  then  removed, 
dusted  with  talcum  pow'der  and 
bandaged  together,  and  then  filled 
\\ith  plaster  cream.  In  a  few  mo- 
ments the  plaster  shell  may  Ije  re- 
moved, and  one  has  a  I'eproduction 
of   the  foot,  which,  w^hen    properly 

made,  should  stand  upright  without  inclination  to  one  side  or  the  other.  (Figs. 
644  and  045.)  The  advantage  in  making  the  cast  in  the  manner  described  is 
that,  as  the  weight  is  supported  on  its  outer  border,  the  foot  is  placed  in  the 
proper  attitude  of  slight  adductif)n. 

In  most  instances  it  will  be  of  advantage  to  deepen,  in  the  plaster  model, 
the  iimer  and  outer  segments  of  the  arch,  in  order  that  the  arch  of  tlie  brace 
may  be  slightl}'  exaggerated,  especially  at  tlie  heel,  and  that  thus  the  depression  of 
the  anterior  extremity  of  the  os  calcis  may  be  prevented.     Upon  tlie  model  the 

outline  of  the  brace  is  drawn  as  illustrated  in 
the  diagram.  The  best  sheet  steel,  18  to  20 
gauge,  cut  after  the  pattern,  is  moulded  upon  it 
and  tempered,  so  that,  as  it  is  applied  for 
the  pui-pose  of  preventing  deformity,  it  may 
be  practically  unyielding  to  the  weight  of  the 
body.  It  may  be  nickel-  or  tin-plated,  or  cov- 
ered with  leather,  according  to  the  quality  of  the 
patient. 

It  will  lie  noted  that  this  brace  depends  for  its 
action  primarily  upon  lateral  support.  For,  as  the 
deformity  is  lateral  in  the  sense  that  its  first  indi- 
cation is  a  projection  caused  by  the  Iread  of  the 
astragalus  at  the  hmer  border  of  the  foot,  it  should 
be  apparent  that  the  control  of  this  lateral  deform- 
ity is  the  first  essential  for  the  proper  brace.  It 
is  the  absence  of  lateral  su]iport  that  explains  the  inefficiency  of  the  braces 
in  common  use.     (Figs.  G46  and  647.) 

As  this  support  fits  the  foot  closely  it  must  be  carefully  adjusted  to  make  it 


Fig.  64.5.— The  Outline  of  tlie 
Sole  Part  of  the  Brace.  (Wliit- 
nian's  *'  Orthopedic  Surgery."  ) 
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comfortable.  The  patient  is  tlierefoie  iiistiiicted  to  vise  it  for  a  sliort  time  only 
and  ttien  to  return,  so  that  pressure  may  be  removed  by  bending  the  margins 
of  the  plate  slightly  outward  where  the  marks  on  the  foot  indicate  it.  If,  on 
the  other  hand,  the  brace  projects  so  that  its  presence  in  the  shoe  may  be 
detected,  its  margins  may  be  turned  inward  to  the  proper  degree.  A  well- 
fitting  shoe,  the  heel  and  inner  border  of  the  sole  having  been  thickened  slightly, 
shoukl  alwaA'S  be  used  in  order  to  aid  the  action  of  the  brace. 

The  patient,  instructed  to  walk  with  the  feet  parallel,  bears  the  weight  on 
the  outer  border  of  the  foot.     This  presses  down  the  outer  border  of  the  brace 
and  lifts  it  slightly  beneath  the  arch.     This  suggestive  pressure  is  important 
because  it  is  increased  whenever  the  foot  is  placed 
in   the  improper  attitude  of   outward   rotation, 
and  thus  it  becomes  a  positive  aid  in  functional 
cure  by  jireventing  the  improper  ])osture.     The 
exercises  that  have  been  described  are  an  essen- 
tial part  of  the  treatment;  for,  when  the  nuiscles 
haA'e  become  stronger  and  normal  attitudes  have 
become  habitual,  the  brace  in  many  instances  may 


Fic:.  646. — The  External  I'Mange.  B, 
The  calcaneo-cuboid  articulation.  The 
flange  is  often  extended  farther  back  than 
is  shown  in  the  diagram.      (See  Fig.  649.) 


Fig.  647. — The  Whitman  Brace,  Illustrating  Lat- 
eral Support,  -4,  B,  in  Addition  to  Direct  Support, 
C,  D.  Lateral  support,  wliich  checks  abduction,  is 
the  more  important.  ,4,  The  astragalo-navicular 
articulation;  JS,  tlie  calcaneo-cuboid  articulation; 
C,  the  metatarso-phalangeal  joint ;  D,  the  bearing 
surface  of  tlie  heel. 


be  discarded.  In  cases  of  this  class  it  is  worn  usually  for  a  period  of  about 
six  months,  but  in  chronic  cases  in  adults  brace  treatment  may  be  continued 
indefinitely,  although,  as  has  been  stated,  when  pain  is  relieved  treatment  is 
usually  discontinued  by  the  patient.  Under  the  use  of  braces  combined  with 
the  exercises  there  is  general!}'  improvement  in  the  shape  of  the  foot,  and  in 
the  treatment  of  the  better  class  of  patients  it  is  of  advantage  to  make  a  second 
cast  after  several  months.  It  is  ap]3arent  that  a  brace  of  this  description  re- 
quires a  certain  degree  of  care  and  skill  both  in  its  preparation  and  in  its  use  as 
contrasted  with  sole-plates  which  are  essentially  merely  metal  inner  soles.  A 
cast  of  the  sole  of  the  foot  is  made,  the  arch  being  deepened  if  it  is  thought 
desirable,  and  the  outline  of  tlie  l)race  is  drawn  on  it;  the  inner  l)order  is 
curved  upward  to  pass  just  beneatli  tlie  lower  part  of  the  scaphoid  hone.     This 
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type  ol  l)nic<',  now  I'ln'  siilc  at  most  slioc-sliops,  is  so  I'ariiiliar  that  further 
dosci'iption  is  unnecessary.  It  is  inefl'ectiN'c  in  tlie  sense  that  it  does  not  rontrol 
tlie  lateral  del'onnil}'  and  is  tlnis  a  sim]iie  negative  support. 

In  many  cases  of  the  more  scA'cre  tyjie  even  ];)assi\-e  molion  of  tlie  foot  is 
resisted  and  painful.  This  resistance  is  due  in  great  degree  to  muscular  spasm, 
hut,  if  the  deformity  is  of  long  duration,  secondary  accommodative  contractions 
of  the  muscles  and  other  tissues,  and  changes  in  the  articulating  surfaces  of  the 
bones,  may  be  additional  complications.  If  the  pain  is  acute,  there  is  usually 
an  accompanying  infiltration  about  the  medic i-tar.sal  and  aidde  joints.  In 
such  cases  rest  combined  with  massage,  hot  water,  hot  air,  and  the  like 
may  be  indicated.  In  the  ordinary  type,  liowever,  the  resistance  may  be  over- 
come gradually  in  the  following  manner:  The  foot  is  pa.ssively  adducted  as  far 
as  the  contraction  i>erniits,  and,  while  it  is  supported  in  this  attitude,  a  long,  wide 


Fig.  648. — Illustrates  Forcible  Correction  of  the  Deformed  Foot.      .1,  Scaphoid  bone; 
B,  internal  malleolus;  C,  medio-tarsal  joint. 


band  of  adhesive  plaster  is  passed  about  the  foot.  One  end  is  attached  just 
below  the  external  malleolus  and  it  is  then  drawn  l)eneath  the  arch  and  up  the 
inner  side  of  the  leg  to  the  knee,  with  all  the  tension  possible,  and  is  further 
supported  by  straps  about  the  instep,  ankle,  and  calf,  and  is  then  covered  by 
a  well-fitting  bandage,  the  object  l)eing  to  liold  the  foot  in  .slight  adduction  and 
to  support  the  sensitive  part.  This  dressing  is  renewed  at  intervals  until  the 
foot  can  be  adducted  to  the  normal  limit. 

If  the  foot  is  rigid  and  if  the  manipulation  causes  much  pain,  the  best  treat- 
ment is  to  overcome  the  deformity  entirely  at  one  sitting  and  to  fix  the  foot 
for  a  time  in  the  overcorrected  ])Osition. 

The  patient  having  l)cen  ana'sthetized,  all  adhesions  and  contractions  that 
resist  motion  in  awy  chrection  are  then  overcome;  considerable  and  persistent 
force,  applied  by  the  "pump-handle"  method  of  alternate  pressure  and  relaxa- 
tion, being  necessary.  The  foot  is  then  extended,  adducted,  and  finally  in  the 
])osition  of  varus  it  is  forced  up  if  possible  to  a  right  angle  with  the  leg.  In 
other  words,  the  deformitj'  is  overcorrected.     It  is  then  covered  with  a  thick 
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layer  of  cotton  liatting,  anil  a  jjlaster-of-Paris  bandage  that  extends 
nearly  to  the  knee  is  applied.  In  some  instances  the  tcndo  Achillis  must  be 
divided  and  occasionally  also  the  peronei,  to  ju'iinit  the  desired  position.  As 
soon  as  possible,  the  patient  is  encouraged  to  ^valk  about,  as  the  weight  of 
the  biidv  falling  on  the  (.)Uter  border  (if  the  foot  and  functional  use  aid  in 
correction. 

At  the  end  of  from  two  to  four  weeks,  pro\-itled  tenotomy  has  not  been  ic- 
ciuired,  the  supjidrt  may  be  discarded,  but  several  times  a  day  the  foot  shoukl 


Fig.   649. — "Twisting   tlie   Foot."      Forcible  manual   adduction,   a  niani|nilation   essential 
when  muscular  spasm  is  present. 


be  forcibly  turned  inward  to  the  limit  reached  under  ana:'sthesia,  otherwise  the 
deformity  will  inevitably  recur.  Massage,  prolonged  soaking  in  hot  water, 
rest,  and  the  like  are  of  coin-se  indicated,  or,  in  default  of  these,  the  plaster 
strapping  should  be  apjjlied. 

The  daily  forcible  methodical  manipulation  to  the  limit  of  adduction,  how- 
ever, is  the  one  indispen.'jable  part  of  the  treatment.  When  the  foot  has  become 
fairly  flexible  the  brace  is  applied,  and  the  treatment  is  then  conducted  in  the 
manner  described. 

Vaiious  cutting  operations  have  been  devi.sed  for  the  cure  of  flat-foot,  but 
they  are  of  little  value.     In  ca.ses  of  extreme  deformity  of  long  standing,  in  which 
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permanent  changes  have  taken  ])laee  in  the  joints,  a  modification  of  the  Ogston 
opei'ation  may  l)e  of  vahie  in  im])rovinf^  tlie  sluipe  of  tlie  foot.  I  luler  the  Es- 
niairli  l)an(la<;e  ai:  incision  is  matle  down  and  toward  tlie  sole  from  a  point 
al)ont  one  incli  in  front  of  tlie  internal  malleolus.  This  expo.ses  the  medio- 
tarsal  joint.  Witli  a  chisel  a  wedge  is  removed,  its  base  about  thrce-c[uarter.s 
of  an  inch  in  width,  including  jjai'ts  of  the  astragalus,  and  the  foot  is  then  forced 
inwaril  so  that  the  wedge-shaped  gap  is  closed,  the  wound  is  sutured,  and  a 
plaster  bandage  isapi)lied.    A  brace  .should  !)e  ap|)lied  wiien  union  has  taken  place. 

It  may  be  mentioned  in  conclusion  that,  although  the  symptoms  of  the 
weak-foot  are  often  mistaken  for  rheumatism  and  the  like,  yet  the  two  affec- 
tions may  coexist  or  the  deformity  may  be  the  result  of  the  general  disease. 
In  such  cases  local  su])i>oi't  is  indicated  whenever  discomfort  is  caused  by  use, 
l)iit  it  must,  of  course,  be  .supplemented  l)y  a]ipro])riate  internal  remedies  and 
by  hygienic  treatment. 

Weakness  and  Depression  of  the  Metatarsal  Arch;  Anterior  Metatarsalgia 
and  "  Morton's  Toe."— The  metatarso-phalangeal  region  of  the  foot  forms,  when 
weight  is  not  l)orne,a  slight  arch,  highest  at  the  second  joint.  As  an  effect,  in 
most  instances,  of  shoe-wearing,  the  toes  being  held  in  a  cramped  position, 
this  arch  is  permanently  depi'es.sed,  the  front  of  the  sole  of  the  foot  ha\ing  a 
convex  or  rounded  contour. 

Tluis  the  weight  is  borne  entirely  on  the  metatarso-phalangeal  joints,  the 
dorsiflexed  toes  having  lost  their  function  as  accesisory  supports.  The  most 
common  and  direct  effect  of  the  abnormal  pressure  is  a  painful  callus  that 
forms  beneath  the  heads  of  the  second  and  third  joints,  but  an  indirect  symp- 
tom of  the  deformity  or  weakness  is  neuralgic  pain  referred  to  this  region; 
hence  the  name  anterior  metatarsalgia. 

As  regarc.s  the  deformity,  it  should  be  stated  that  its  degree  has  no  par- 
ticular relation  to  the  pain  and  discomfort.  In  one  instance  the  toes  may  be  fi.xed 
in  dorsifiexion  and  the  arch  i-igidly  depressed ;  in  another  ca.se  there  is  a  general 
relaxation  of  all  the  tissues,  so  that  the  front  of  the  foot  may  appear  abnormally 
broad  when  weight  is  borne;  while  in  a  tliird  the  foot  may  appear  to  be  almost 
normal,  and  yet  the  disability  is  much  greater  than  in  the  jireceding  types. 

Morton's  Painful  Toe. — The  most  conmion  and  characteristic  variety  of 
anterior  metatarsalgia  is  that  first  described  by  Morton,  of  Philadelphia,  in 
which  jjain  is  referred  to  the  fourth  toe.  This  is  usually  sharp  and  cramp-like, 
most  marked  in  the  interval  between  the  third  and  fourth  joints,  and  radiating  to 
the  end  of  the  toe.  It  is  often  preceded  by  a  pricking  sensation  beneath  the 
toe,  by  burning  or  numbness,  and  occasionally  by  a  sensation  as  if  the  joint 
were  displaced.  It  begins  usually  as  a  burning  or  numbing  pain,  sometimes 
most  severe  in  the  end  of  the  toe,  that  increases  in  severity  unless  it  is  re- 
lieved by  removing  the  shoe.  If  it  is  severe  it  is  sometimes  followed  by  redness 
and  swelling  about  the  affected  articulation  and  it  may  radiate  up  the  leg. 
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The  pain  in  the  majority  of  cases,  although  according  to  the  patients  it  lias 
a  variety  of  predisposing  causes,  is  induced  directly  by  the  shoe,  and  it  is 
the  imperative  need  to  remove  the  shoe,  wherever  the  patient  may  be,  that 
is  one  of  the  most  noticeable  characteristics  of  the  affection. 

The  affection  is  somewhat  more  common  in  females  than  in  males  and 
often  several  members  of  a  family  or  two  successive  generations  may  be  suf- 
ferers. The  pain  may  be  experienced  only  at  long  intervals  and  may  be  induced 
by  a  particular  shoe,  or  it  may  come  on  at  such  frec[uent  intervals  as  practi- 
cally to  disable  the  patient. 

Symptoxi.s  and  C.\uses. — The  first  symptom  may  be  ascribed  to  injmy  or  to 
overuse  of  the  foot,  but,  as  a  rule,  no  cause  can  be  assigned.  Formerly  it  was 
looked  u]3on  as  a  rather  mysterious  affection,  but  at  the  present  time  its  causes 
and  treatment  are  comparatively  well  understood. 

The  direct  cause  of  tiie  peculiar  i>ain,  as  I  have  endeavored  to  explain  else- 
where, is  lateral  pressure  upon  tlie  depressed  metatai-so-phalangeal  joints.  This 
is  illustrated  Ijy  a  similar  pain  if  the  hand  is  suddenly  pressed  while  the  fifth 
metacarpal  bone  is  elevated  above  the  fourth,  or  if  the  metacarpal  bones 
are  on  the  same  plane;  whereas,  if  the  arch  is  elevated  so  that  the 
bones  are  guarded  from  pressure,  the  hand  may  be  tightly  squeezed  without 
discomfort. 

The  i)ain  is  most  connnon  at  the  fourth  articulation  of  the  foot  because  of 
the  mobility  of  the  fifth  metatarsal  Iione  and  becau.se  the  toe  is  usually  ele- 
^'atcd  liy  tlie  narrow  shoe  above  the  le\'el  of  its  fello\\-s.  The  pressure  comes 
more  or  less  directly  upon  the  nerves  lying  between  the  joints  and  upon  the 
sensitive  tissues  that  are  bruised  by  the  pressure  and  friction. 

The  pain,  although  far  more  common  at  the  fourth  joint  than  elsewhere, 
may  affect  any  joint  or  combination  of  joints,  corresponding  to  the  defoi-mity 
and  weakness,  but  if  the  pain  is  diffused,  the  front  of  the  foot  is  almost  always 
depressed  and  often  in  r.  condition  of  rigid  deformity,  a  sequel,  for  example,  of 
rheumatism  or  similar  infection. 

Treatment. — In  the  milder  cases  the  symptoms  cease  if  a  proper  shoe 
is  provided — one  that  allows  room  for  the  toes,  that  fits  well  beneath  the 
arch,  and  that  holds  the  foot  securely.  Massage  and  alternate  flexion  and 
extension  of  the  toes  for  the  purpose  of  strengthening  the  muscles  and  restor- 
ing the  flexibility  of  the  arch  are  of  advantage  in  the  treatment  of  any  stage 
of  the  affection. 

As  a  temporary  treatment  of  the  more  painful  cases,  the  arch  having  been 
restored*  Ijy  elevation  of  the  painful  joint,  the  metatarsus  may  be  supported 
by  a  wide  band  of  adhesive  plaster  passed  directly  about  it,  the  aim  being  to 
holil  the  foot  as  the  hand  is  held  liy  a  tight  glove.  The  position  may  be  still 
further  assured  by  placing  a  small  pad  of  felt  or  leather  beneath  the  jiainful 
joint.     ^lany  jjatients  hal:)itually  use  a  bandage  for  the  same  pur]3ose. 
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The  best  treatment,  however,  is  l>y  a  |>i-o]i('rly  fitted  metal  jjhite.  A  plaster 
cast  of  the  sole  is  made  and  in  the  model  snttieieal  iilaster  is  cut  away  lieneath 
the  depressed  region  to  represent  a  well-marked  arch,  dee]3est  beneath  the 
affected  joint.  <  )n  this,  a  tiiin  metal  plate  is  moulded.  The  brace  should  tit 
tlie  entire  sole,  supporting  the  longitu(niiai  afch  in  order  to  distribute  (he  weight 
properly,  and  in  well-marked  cases  it  should  extend  irom  the  extremity  of  the 
heel  sonunvhat  lieyond  the  metatarso-phalangeal  articulations  in  order  to  pre- 

vent  dorsal  flexion  of  the  toes.      Wlien  the  foot 

has  been  su])|.)orted  for  a  time  the  sensitiveness 
sub.sides,  and  if  exercises  (Fig.  651)  are  employed 
and  a  jiroper  shoe  provided,  the  patient  may  in 
a  few  months  discard  the  brace. 

If,  as  in  many  instances,  dorsal  flexion  of  the 
toes  is  pei-sistent,  and  is  accompanied  by  stiffness 
of  the  forefoot,  forcible  manipulation  and  mas- 
sage may  be  essential  to  restore  the  normal  elasti- 
city. In  the  most  severe  cases,  such  as  may  follow 
gonorrli(eal  infection  and  the  like,  forcible  ma- 
nipulation under  ether,  with  subsecjuent  fixation 
for  a  time  in  a  plaster  bandage,  may  be  in- 
dicated. 

Complications,  such  as  the  contracted  or  flat- 
tened foot  and  the  like,  should  of  course  receive 
attention. 

Operative  Treatment. — This  in  typical  cases 
consists  in  the  removal  of  the  head  of  the  fourth 
metatarsal  l>one — that  is,  of  the  point  against 
which  pressure  is  exerted.  The  operation  may  be 
done  under  local  anaesthesia.  An  incision  about 
one  inch  and  a  half  in  length  is  made  on  the 
dorsal  surface  over  the  articulation.  The  joint 
is  then  forced  upward,  by  flexing  the  toe,  the 
capsule  is  dividetl,  and  the  head  of  the  metatarsal  bone,  being  exposed,  is 
pushed  through  the  wound  and  is  removed  at  the  neck  by  bone-forceps. 

If  the  tissues  are  sen.sitivc  it  is  well  to  apply  a  plaster  bandage  which  sup- 
ports the  toes  and  sole.  The  temporary  u.se  of  a  sole-plate  is  of  advantage. 
As  a  rule,  the  operation  relieves  the  symptoms,  the  foot  is  not  perceptibly 
weakened,  and  the  only  deformity  is  slight  recession  of  the  toe. 

Now  that  the  cause  of  the  trouble  is  better  understood  than  in  Morton's 
time,  it  is  often  recognized  and  relieved  in  its  inception,  and  therefore  operative 
treatment  is  far  less  often  indicated. 

In  many  instances  there  is  no  spasmodic  or  neuralgic  pain  of  the  character 
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Fig.  050.— Plaster  Cast  of  the 
Sole  of  the  Foot  Marked  for  tiif 
Mechanic.  This  brace  is  designed 
to  elevate  tlie  anterior  arch  and 
to  limit  motion  at  the  sensitive 
metatarso-phalangeal  articula- 
tions. It  is  more  effective  than 
the  form  shown  in  Fig,  652. 
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described  wliicli  may  be  rclicAcd  by  removal  of  the  shoe;  instead,  there  are 
stinging,  burning  pains  which  are  referred  to  the  front  of  the  sole,  and  which 
are  tlue,  as  has  been  stated,  to  abnormal  jjressuie  on  a  depressed  anterior 
arcli.  In  such  cases  the  sole-plate,  combined  with  manipulation  and  exercises 
to  increase  the  range  of  j)lantar  flexion  of  the  toes,  usually  assures  relief. 

If  a  painful  callus  or  corn  oi-  papilloma  is  present,  it  should  be  removed 
before  the  support  is  applied. 

Achillo-Biirsitis.— A  bunsa  is  interposed  between  the  insertion  of  the  tendo 
Achillis  and  the  os  calcis.  Irritation  or  inflanunation  of  this  bursa  causes  local 
sensitiveness  and,  .secondai-ily,  loss  of  function  of  the  calf  muscle.  Occasion- 
ally, the  cau.se  may  be  pressure  of  the  sho(>,  or  tlirect  strain  upon  the  tendon  in 


Fig.  6.51. — Plantar  Flexion  of  the  Toes,  an  Exerci?^e  for  .Strengthening  the  .\nterior 
.\rch  and  Overcoming  Defonnitv. 


violent  exercise,  luit  in  many  instances  it  is  a  complication  of  infectious  disease, 
such  as  rheumatism  or  some  similar  affection,  and  particularly  of  gonorrh(ea. 

In  traumatic  cases  the  affection  is  usually  unilateral,  but  in  the  ordinary 
type  both  bursa'  are  often  involved. 

Symptoms. — The  direct  .symptoms  are  sensitiveness  to  pressure  about  the 
insertion  of  the  tendon,  and  in  early  ea.ses  slight  swelling  and  fluctuation  are 
perceptilile  on  the  inner  side.  In  cases  of  long  duration,  however,  the  entire 
posterior  part  of  the  heel  is  liroadened  ami  thickened,  an  indication  that  the 
tissues  about  the  bursa  have  become  involved  in  the  inflammation.  The  in- 
direct symptoms,  which  are  due  to  the  loss  of  leverage  of  the  calf  muscle,  are 
theise:  an  inelastic  gait  with  turning  out  of  the  foot,  and  an  attitude  which  in 
turn  induces  pain  in  the  liottoin  of  tiie  heel  from  direct  pressure,  and  predis- 
poses to  weakness  of  the  longitudinal  arch.  In  fact,  the  symptoms  of  so- 
called  flat-foot  usually  accompany  tho.se  of  .\chillo-l)ur.sitis  of  long  .standing. 


890 


AMERICAN    PliACTKU'J    OF    SUIUIERY. 


As  thr  jiainfiil  ])ait  i.s  coiistuntl.y  exposed  to  strain  and  injury,  tlie  affection, 
particularly  if  induced  l)y  gonorrha'a.  is  of  a  chronic  character  with  but  little 
tendency  toward  recovery. 

Treatment. — Treatment  sliould  assure  rest  of  the  affected  pai-t.  In  mild 
and  recent  cases,  a  long  band  of  adhesive  plaster  may  be  applied  along  the 
sole  and  up  the  back  of  the  limb,  with  the  foot  in  slight  plantar  flexion.  This, 
when  reinforced  by  other  adhesive  bands  about  the  foot  and  ankle,  serves  to 

clicck  tlorsal  flexion  and  at  the  same  time  to  pro- 
vide pressuie  on  the  swollen  ]3art. 

If  the  case  is  of  greater  intensity,  a  plaster  band- 
age is  of  service  to  fix  the  part  until  a  cure  is 
attained. 

In  the  more  chronic  type  a  lirace,  [jrovided  with 
a  stop  joint  to  [irevcnt  dorsal  flexion,  may  be  at- 
tached to  the  shoe.  The  sensitive  heel  may  be 
cauterized  and  strapped  with  the  aim  of  hastening 
resolution. 

As  has  been  stated,  if  the  affection  has  persisted 
for  some  time  there  is  usually  an  accompanying 
de])ression  of  the  arch,  for  which  a  brace  and  other 
ajipropriate  treatment  may  be  used.  It  is  needless 
to  add  that  the  treatment  of  other  comphcations, 
particularly  the  gonorrhoea  so  often  present,  is 
essential. 

In  chronic  cases  in  ^\'hich  the  bursa  is  enlarged 
and  thickened,  or  when  palliative  treatment  has 
failed,  operative  removal  is  indicated.  This  is  easily 
accomplished  by  an  incision  made  usually  on  the 
inner  side  of  the  tendon.  Thickened  and  sensitive 
tissues  in  the  neighborhood  should  be  removed  at  the  same  time.  A  plaster 
bandage  or  supporting  brace  should  be  used  until  all  sensitiveness  has  dis- 
appeared. 

Pain  in  the  Heel. — Pain,  or  particularly  sensitiveness  when  weight  is  borne, 
referred  to  the  centre  of  the  heel,  is,  in  most  instances,  a  symptom  of  abnormal 
pressure.  Thus  it  may  be  induced  Ijy  simple  o^'erwork,  particularly  long  stand- 
ing. Most  often  it  is  indicative  of  the  weak  foot,  or  it  may  be  a  symptom  of 
the  hollow  foot,  in  \\hich  the  weight  is  sujjported  entirely  on  the  heel  and 
metatarsal  region.  Pain  in  this  region  is  connnon  when  weakness  of  the  foot 
is  induced  by  general  diseases  such  as  rheumatoid  arthritis  or  by  gonorrhoea, 
in  which  cases  there  may  be  a  local  inflammation  alaout  the  insertion  of  the 
plantar  fascia  or  deep  ligaments.  In  rare  instances  a  sensitive  bursa,  second- 
ary, it  may  be,  to  an  exostosis  of  the  os  calcis,  or  even  a  neuroma,  may  be 


Fig.  652. — A  Brace  to  Sup- 
port the  Anterior  Arch  of  the 
Foot.  .4,  The  point  of  greatest 
elevation  beneath  tlie  painful 
part.      (See  Fig.  650.) 
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present.  In  siu'h  conditions,  or  wheii  gonorrh(ral  inHatnnuition  or  the  like  is 
the  exciting  cause,  the  sensitiveness  is  much  greater  and  more  localized  than 
when  the  discomfort  is  due  to  simple  pressure. 

If  the  condition  is  inflammatory,  rest,  as  secured  by  the  application  of  a  plas- 
ter-of-Paris  bandage,  is  indicated.  If  the  pain  is  simply  localized  and  persis- 
tent, and  particularly  if  it  persists  in  spite  of  support,  or  if  an  actual  exostosis, 
as  indicated  by  an  .r-ray  picture,  is  present,  operative  removal  is  indicated. 

In  most  instances,  however,  the  symptoms  may  be  i-elieved  by  treating 
the  condition  which  induces  it,  namely,  the  weak-foot.  In  mild  and  early  cases 
the  use  of  a  rubber  heel  and  the  cultivation  of  a  "toe  walk"  may  be  suflicient, 
but  in  most  ca.scs  a  well-fitting  metal  .sole-plate,  fa.shioned  on  a  plaster  cast 


Fig.  65.3. — The  Contracted  Foot — an  E.xaggerated  .\rch  and  Sliglit  Limitation  of  Dorsal  Flexion. 


sufiiciently  high  under  the  arch  to  transfer  to  this  point  part  of  the  weight,  or, 
in  other  words,  to  distribute  tlie  pressure  on  the  foot,  is  indicated  as  a  primary 
measure. 

The  Hollow  or  Contracted  Foot. — The  depth  of  the  arch  varies  in  different 
hidiviiluals,  and  a  liigli  arch  as  contrasted  with  a  so-called  flat-foot  is,  from 
the  a-sthetic  standpoint,  usually  considered  desirable. 

As  a  rule,  however,  the  high  arch  is  accompanied  by  a  certain  inflexibility 
that  predisposes  to  discomfort.  There  is,  for  example,  difficulty  in  procuring 
shoes  that  fit  the  sole,  and  the  weight  and  strain  are  concentrated  upon  the  heel 
and  front  of  the  foot,  thus  predisposing  to  corns,  callu.ses,  and  pain  in  tiie  meta- 
tarso-phalangeal  region  and  to  discomfort  al)out  the  arch.  There  is  also  in 
these  cases  a  tendency  toward  valgus:  thus  the  patient  with  hollow-foot  may 
suft'er  from  the  characteristic  svmptoms  of  the  so-called  flat-foot. 
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Tn  the  more  extreme  cases  of  this  type  there  may  l)e  limitation  of  dorsal 
flexion  at  the  ankle  due  to  shortening  of  the  calf  nmscle,  a  type  to  which  Shaffer 
has  called  attention. 

The  hollow  foot  may  be  congenital.  It  is  favored  by  the  habitual  use  of 
high  heels.  It  may  be  induced  by  habitual  posture,  as  by  illness  in  which 
plantar  flexion  of  the  feet  is  favored  by  the  weight  of  the  bed  clothing.  It  may 
be  a  result  of  neuritis  or  of  a  very  limited  anterior  poliomyelitis  sufficient  to 
weaken  the  anterior  muscles.  In  this  class  there  is  usually  a  slight  degree  of 
equinus. 

Symptoms. — As  has  been  mentioned,  the  symptoms  in  the  milder  ca.ses  are 
due  to  the  rigidity  of  the  foot  and  to  the  pressure  of  the  shoe  on  the  projecting 
dorsum.  If  dorsal  flexion  is  limited,  cramps  in  the  calves  also  are  often 
troublesome. 

Treatment. — For  mild  cases  a  well-arched  shoe  to  equalize  pressure  is 
sufficient.  If,  however,  the  plantar  fascia  is  sensitive  to  pressure,  a  light  metal 
support  made  on  a  [jlaster  cast  to  support  both  the  longitudinal  and  meta- 
tarsal arch  may  l)e  essential. 

Forcilile  manual  or  instrumental  stretching  of  the  foot  and  forced  dorsal 
flexion  may  be  of  .•service  in  lessening  the  contractions  in  cases  of  the  milder 
type. 

If  there  is  abnormal  contraction  of  the  [jlantar  fascia,  and  especially  if  there 
is  accompanying  shortening  of  the  calf  muscle,  the  most  effective  treatment  is 
correction  under  anaesthesia. 

The  foot  being  dorsiflexed,  the  contracted  fascia  is  brought  into  promi- 
nence, and  it  may  be  easily  divided  at  the  centre  of  the  foot  subcutaneously. 
The  contraction  may  then  be  further  reduced  by  stretching  with  the  Thomas 
wrench.  If  the  resistance  to  dorsal  flexion  still  persists,  the  tendo  Achillis 
maj'  be  divided.  The  foot  is  then  fixed  by  a  jilaster  bandage,  the  patient  being 
allowed  to  walk  about  as  soon  as  the  discoinfort  has  subsided. 

The  after-treatment  consists  in  the  use  of  a  proper  shoe  and  massage,  and 
stretching  of  the  foot  for  a  time  to  assui-e  the  inipro^-ement. 

Hallux  Varus  and  Pigeon-Toe. — Hallux  varus,  in  which  the  toe  is  some- 
what adductetl,  is  iiracticallj'  always  a  congenital  peculiarity.  The  great  toe 
stands  away  from  the  others  and  catches  when  the  stocking  is  dra^Mi  on.  In 
many  instances  of  this  class  there  is  a  slight  degree  of  congenital  varus. 

If  the  toe  alone  is  affected,  wearing  of  the  shoe  may  be  counted  upon  to 
assure  a  cure,  or, if  the  movements  of  the  toe  maybe  restricted,  relief  maybe 
obtained  by  binding  it  to  its  fellows  by  an  encircling  band  of  adhesive  plas- 
ter. If  the  adduction  of  the  toe  is  complicated  by  varus  deformity,  the  foot 
should  be  straightened  by  apjaaratus  oi'  by  [blaster  bandages,  as  described  else- 
where. 

Pigeon-Toe. — Pigeon-toe  is  the  popular  name  for  an  intoeing  gait  of  which 
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hallux  varus  may  be  the  cause,  as  may  other  varieties  of  tahpes.  So  also  it 
may  be  a  direct  result  of  a  spiral  twisting  of  the  tibia  in  bow-leg.  In  most 
instances,  however,  it  is  symptomatic  or  compensatory,  usually  for  weak  feet 
or  for  knock-knee,  and  one  should  always  examine  the  patient  for  such  weak- 
ness before  treating  the  attitude,  which  in  such  cases  is  a  conservative  effort  of 
nature  to  jirotect  the  patient. 

If,  therefore,  the  attitude  deix-nds  upon  direct  deformity  of  the  foot  and 
linil),  or  if  it  is  symptomatic  of  weak  feet  or  knock-knee,  treatment  must  be 
directed  to  its  cause.  In  those  cases  in  which  the  intoeing  is  apparently  a  sim- 
ple habit,  the  sole  of  the  shoe  may  be  made  sHghtly  thicker  on  the  outer  border, 
and,  as  has  been  mentioned  in  the  section  relating  to  treatment  of  clul:)-foot, 
bands  of  elastic  tape  may  be  attached  to  the  outer  border  of  the  front  of  the 
sole  of  the  .shoe,  and  carried  round  the  back  of  the  calf  to  the  knee,  outwartl 
over  the  front  of  the  thigh  to  the  back  of  a  waist  belt,  sufficient  tension  being 
exerte<l  t>>  rotate  the  foot  outward  and  to  lift  slightly  its  outer  border. 

Hammer-Toe. — Hammer-toe  is  a  contraction  deformit}'  in  which  the  first 
phalanx  is  dorsiflexed,  the  second  jilantar-flexed,  and  the  third  either  flexed 
or  extended.  Thus  the  dorsal  sui'face  of  the  first  interphalangeal  joint  pro- 
jects above  the  level  of  the  other  toes,  and  the  toe  is  compressed  laterally  Ijy  its 
fellows  while  the  extremity  is  expanded  under  the  influence  of  pressure,  the 
appearance  justifying  in  some  degree  the  name  hammer.  The  discomfort  is 
due  to  the  pressure  of  the  leather  of  the  shoe  ui)on  the  dorsal  surface  of  the 
projecting  joint  and  to  the  pressure  of  the  solo  upon  the  extremity  of  the  toe. 
Thus  a  corn  antl  l)ursa  or  an  inflamed  oi'  ingrown  toenail  often  make  walking 
diflRcult. 

Tlie  term  hammer-toe  is  usually  limited  to  the  deformity  of  a  single  toe. 
In  rheumatic  cases  or  in  some  forms  of  paralysis,  all  the  toes  may  be  deformed 
in  hke  manner.     This  condition  is  considered  under  "  ik tatarsalgia  "  (p.  88G). 

Tlie  cause  of  the  deformity,  although  it  may  be  congenital,  is  in  most  in- 
stances the  shoe,  which  is  too  narrow  and  too  short.  Thus  the  second  toe, 
which  from  the  length  and  situation  is  most  directly  exposed  to  the  pressure 
of  a  short  shoe  and  to  that  of  the  gi-eat  toe,  which  is  forced  into  valgus  deform- 
ity, is  usually  involved. 

Treataiext. — This,  of  course,  includes  prevention.  The  patient  should  be 
provided  \\ith  a  [jroper  shoe  -wliich  will  allow  sufficient  space  for  the  toe.  For 
the  treatment  of  the  slighter  grades  of  deformity  in  children,  manual  correc- 
tion of  the  deformity  or  the  use  of  a  splint  of  thin  celluloid  or  other  light  ma- 
terial passing  along  the  plantar  surface  may  be  employed,  but  in  the  ordinary 
cases  in  adults  operative  treatment  is  indicated. 

This  consists  essentially,  after  thorough  stretching  of  the  contracted  parts, 
in  resection  of  the  first  phalangeal  joint,  sufficient  bone  being  removed  from 
each  phalanx  so  to  .shorten  the  toe  as  to  prevent  vertical  pressure  even  if  the 
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(loforniity  recurs.  The  joint  may  lie  conveniently  opened  laterally,  and  the 
extremities  of  the  bone.s  removed  hy  l'orce)>.s.  The  toe  is  straightened  and  a 
splint  is  a))pli(Ml  to  li\  it  until  (ihi'ous  aiikylo.sis  is  assured. 

Oilier  distortions  of  the  smaller  toes,  conti-aotions,  oveilai)pint;,  and  the 
like,  if  seen  in  early  childhood  or  infancy,  may  be  treated  by  manipulaticjn. 
Cure  will  be  hastened  if  the  toes  are  held  in  line  by  a  stri])  of  adhesive  plaster 
pas.sing  above  the  elevated  and  below  the  depressed  toe. 

Hallux  Valgus  and  Bunion.— Hallux  valgus  is  a  deformity  resembling 
knock-knee.     The  hrst   metatai'sal  bone  is  turned  in\var(_l  so  that  its  head  is 


Fig.  654. — Hammer-toe  and  P'lat-foot. 


separated  from  the  adjoining  bone  while  the  toe  it.self  is  forced  outward  against 
its  fellows.  Hallux  valgus  is  thus  a  subluxation  in  which  the  inner  condyle  of 
the  metatarsal  bone  is  exposed,  forming  a  prominence  on  the  inner  border  of 
the  foot,  which  is  subjected  to  the  constant  pressm-e  of  the  shoe.  The  front 
of  the  foot  is  broader  than  normal  and  the  metatarsal  arch  is,  as  a  rule, 
depressed.  The  toe  may  be  twisted  on  its  axis  in  extreme  cases,  lying 
above  or  below  the  others,  which  in  turn  follow  the  same  general  outward 
inclination. 

Etiology. — Hallux  valgus,  in  slight  degree  at  least,  is  almost  universal 
among  shoe-wearers,  and  it  is  common  even  in  early  childhood.     The  ordinary 
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shoe  is  too  narrow,  and  the  inner  border,  instead  of  following  tlie  normal  con- 
tour of  the  foot,  is  curved  outward  so  that  deformity  is  inevitable.  Weakness 
and  depression  of  the  longitudinal  or  anterior  metatarsal  arch  are  predisposing 
causes;  so  also  gout,  rheumatism,  and  the  like  may  aggravate  the  deformity 
and  its  symptoms. 

In  cases  of  long  standing,  in  which  there  have  been  repeated  inflammations, 
the  underlying  bone  may  be  eroded  and  irregular  and  thus  the  discomforts  of 
pressure  may  be  increased. 

Symptoms. — Aside  from  tlie  noticeable  deformity,  the  principal  symptom 
is  the  discomfort  caused  by  the  pressure.  This  often  causes  a  bursa  o^■er  the 
articulation,  surmounted  by  a  callus  or  corn.  The  corn  is  always  sensitive,  and 
at  times  there  is  inflammation  of  the  underlying  bursa,  the  joint  then  being 
reddened,  swollen,  and  so  painful  and  sensitive  to  pressure  as  to  incapacitate 
the  patient.  As  incidents  of  the  deformity  are  displacement  of  the  tendons 
to  the  inner  side  and  more  or  less  resistant  contractions. 

Treatment. — In  ail  cases  a  projier  shoe  should  be  provided  tliat  will  relieve 
pressure  on  the  sensiti\-e  pai'ts,  and,  if  there  is  depression  of  the  arch  of  the 
foot,  a  suitable  brace  should  be  applied. 

In  connection  with  the  shoe,  methodical  manipulation  of  the  toe  in  the  di- 
rection of  adduction,  combi:ied  with  active  exercises  of  the  weakened  muscles, 
will  in  some  degree  restore  symmetry. 

Various  appliances  for  straightening  the  toe  have  been  used,  Init  they  are, 
as  a  rule,  too  uncomfortable  to  be  tolerated.  One  of  the  simplest  is  the  Holden 
toe-post,  a  padded  metal  upright  which  is  fixed  to  the  sole  of  the  shoe  or 
inner  sole  and  passes  between  the  first  and  second  toe  to  hold  the  former  in 
proper  position.  Moultled  rulil^er  pads  which  cover  the  joint  and  protect  the 
sensitive  j^art  fiom  pressure  are  also  used  with  advantage. 

Operative  Treatment. — The  most  satisfactory  treatment  is  b}^  operation,  the 
object  being  primarily  to  restore  symmetry.  The  best  operation  for  ordinary 
cases  is  the  simplest. 

The  patient  having  been  anaesthetized,  the  toe  is  first  vigorously  stretched 
to  overcome  the  contractions.  A  slightly  curved  incision,  with  the  convexity 
downward  just  below  the  most  prominent  part  of  the  joint,  is  made,  the  flap 
is  turned  outward,  and  the  bursa,  if  jiresent,  is  removed.  The  capsule  is  then 
siilit  longitudinally,  and  the  projecting  part  of  the  metatarsal  bone,  usually  the 
inner  half  of  the  head,  is  removed  with  a  thin  chisel.  The  capsule  and  the 
overlying  tissues  are  then  united  with  fine  catgut,  and  a  plaster  bandage  is  ap- 
plied in  such  a  manner  as  to  hold  the  toe  in  the  corrected  attitude.  This  is 
retained  until  the  wound  is  healed  and  until  the  sensitiveness  has  subsided. 
If  the  wound  is  properly  closed,  and  if  it  heals  by  first  intention,  thei'e  is  no 
danger  of  a  sensiti\'e  scar  or  of  subsequent  ankylosis. 

A  proper  .shoe,  manual  correction,  and  voluntary  exercises  of  the  disused 
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muscles  will  practically  cure  the  (leforniity.  If  weakness  of  the  arch  is  pres- 
ent, a  flat-foot  brace  should  be  used. 

In  cases  of  extreme  deformity,  excision  of  the  head  of  (he  metatarsal  bone 
may  be  advisal)le.  The  incision  may  l)e  made  fVom  the  outer  side  or  over  the 
joint,  as  seems  desirable,  and  the  head  of  the  bone  shoukl  be  I'esected  by  cutting- 
forceps  or  a  saw.  The  removal  of  the  bone  acconnuodates  the  part  to  the 
shortened  tissues,  and  the  result  is  often  a  surprisingly  symmetrical  foot,  which 
does  not  appear  to  be  materiall}'  weakened  by  the  renioval  of  the  bearing  sur- 
face of  the  metatai'sal  l)one. 

Hallux  Rigidus. — In  this  affection  there  is  mai-ked  stiffness  at  the  joint  of 
the  great  toe,  the  resistance  to  motion  being  particularly  to  dorsal  flexion.  The 
toe,  in  fact,  may  be  persistently  flexed  so  that  the  head  of  the  metatarsal  bone 
forms  a  ])rominence  on  the  dorsal  aspect  of  the  foot.  There  is  usually  persist- 
ent discomfort,  which  is  increased  by  dorsal  flexion. 

The  cause  may  be  direct  injury  to  the  toe, — for  example,  "stubbing  the  toe," 
— but  in  many  instances  the  affection  is  an  accompaniment  of  a  weakened 
longitutlinal  arch. 

Treatment. — If  the  stiff  toe  is  induced  !)y  a  weakened  arcli  it  will  lie  rem- 
edied by  treatment  directed  to  its  cause.  Otherwise  the  treatment  is  rest  and 
support.  For  example,  a  very  thick  stiff  sole  for  the  shoe,  strengthened,  if 
neces.sary,  by  the  insertion  of  a  strip  of  steel,  may  be  constructed,  or,  better,  a 
moulded  metal  inner  sole,  extending  from  the  heel  to  a  point  beyond  the  sen- 
sitive joint,  may  be  worn.  This,  by  preventing  motion,  relieves  the  discom- 
fort and  assures  the  necessar}'  rest.  In  extreme  cases  it  may  be  well  to  stretch 
the  contracted  tissues  under  ether,  and  to  flx  the  toe  by  a  plaster-of-Paris 
bandage  in  an  attitude  of  dorsal  flexion. 

Under  iJioi)ei'  treatment  the  symptoms  are  usually  quickly  relieved. 

Painful  Great-Toe  Joint. — Pain  about  the  joint,  especially  at  the  inner 
aspect,  is  often  induced  by  pressure  of  the  leather  of  an  improperly  shaped 
shoe,  and  it  is  a  frequent  accompaniment  of  a  weakened  arch.  These  points 
should  be  considered  before  the  discomfort  is  ascribed  to  gout  or  similar  disease. 

The  remedy  is  obvious.  In  cases  of  the  more  extreme  type,  resemliling  the 
distortions  of  arthritis  deformans,  resection  of  the  joint  may  be  indicated. 

MI.   DISTORTIONS   OF   THE   FOOT. 

T.\LIPES. 

The  deformities  of  the  foot  are  groujjed  under  the  term  "Talipes."  Any 
form  of  talipes  is  simply  an  abnormal  persistence  of  a  normal  attitude,  or 
rather,  in  most  instances,  an  exaggeration  of  a  normal  attitude,  the  centre  of 
deformity  being  a  centre  of  normal  motion. 

For  example,  the  ankle  joint  permits,  practically  speaking,  onlj'  vertical 
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motion.  Pensistent  extension  of  the  foot  on  the  leg  (plantar  flexion)  is  called 
"Talipes  equiniis"  (horse-like),  because  the  patient  walks  upon  the  front  of  the 
foot. 

Persistent  dorsal  flexion  throws  tlie  heel  downward;  hence  the  term  "Talipes 
calcaneus"  (from  calcaneum,  the  heel  hone). 

The  centres  of  inversion  and  eversion  are  the  mediotarsal  and  suliastraga- 
loid  joints.  The  turned-in,  or  adducted,  foot,  in  which  the  weight  is  borne  upon 
the  outer  border,  is  called  "Talipes  varus";  the  opposite  deformity, or  persist- 
ently everted  foot,  is  called  "Talipes  valgus." 

If  the  deformity  has  persisted  for  some  time  or  is  extreme,  two  varieties  are 
usually  combined.  Thus,  the  extended  or  flexed  foot  is  often  inverted  or 
everted,  hence  the  terms  equino-^•arus  or  calcaneo-varus.  There  are  four 
simple  forms  of  talipes,  namely : 

Talipes  equinus;  Talipes  varus; 

Talipes  calcaneus;  Talipes  \algus; 

and  four  combined  forms — 

Talipes  etjuino-varus;  Talipes  calcaneo-varus; 

Talipes  equino-valgus :  Talipes  calcaneo-valgus. 

In  the  various  forms  of  talipes  the  arch  of  the  foot  may  be  increased  or 
diminished.  It  is,  for  example,  increased  usually  in  equinus  and  calcaneus, 
and  diminished  in  valgus,  the  change  being  incidental  to  the  more  important 
deformity.  The  simple  hollow  or  contracted  foot  (cavus)  and  the  flat  foot 
(planus)  are  described  in  another  section. 

Etioi.ogv. — The  cause  of  talipes  is  more  important  than  its  form.  Thus, 
from  the  remedial  standpoint,  the  deformities  are  divided  into  two  classes — 
congenital  and  acquired. 

Congenital  talipes  is  usually  a  simple  deformity  and  is  thus  capable  of  cure. 
In  the  majority  of  cases  of  acquired  talipes,  on  the  other  hand,  the  cause  is 
paralysis;  while,  therefore,  the  deformit}-  in  these  cases  may  be  overcome, 
perfect  cure  is,  of  course,  impossible. 

Congenital  talipes  is  spoken  of  as  a  simple  dcfoiinity  because  the  foot,  hav- 
ing been  fixed  or  constrained  in  its  movements  before  birth,  has  become  de- 
formed in  its  development.  In  rare  instances  the  distortion  may  be  compli- 
cated by  or  caused  by  paralysis — for  example,  as  an  accompaniment  of 
certain  clas-ses  of  spina  bifida, — or  bones  of  the  foot  or  limb  may  be  lacking  or 
malformed;  but  in  the  great  majority  of  cases  there  is  no  com|)lication  that 
prevents  perfect  cure. 

Tlaat  the  cause  of  the  deformity  is  abnormal  constraint  is  often  denion- 
voL.  IV. — 57 
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strated  in  infants  seen  soon  after  l)irth,  by  tlie  attitude  of  tlic  limbs  and  by 
the  adaptation  of  tiie  feet  to  each  other  and  by  the  evidence  of  pressure  where 
the  parts  have  been  api)Osed. 

The  cause  of  tiie  abnormal  constraint  is,  of  coui-se,  problematical.  In  a 
small  proportion  of  the  cases  the  influence  of  heredity  is  clear.  In  a  few  others, 
some  abnormality  of  the  mother — for  example,  a  uterine  tumoi- — is  an  apparent 
ex])lanation,  but  in  most  cases  no  cause  can  be  assigned. 

The  theory  of  I'^schricht  and  Hers  i'^  that  in  the  early  months  of  intra- 
uterine life  the  usual  attitude  of  the  limbs  is  one  that  predisposes  to  club-foot; 
that  is,  the  thighs  are  flexed  on  the  abtlomen,  the  legs  are  crossed,  and  the  feet 
are  plantar-flexed  and  adducted.     Normally  the  attitude  changes  in  the  later 


Fig.  6.5.5. — Congenital  Talipes,  Illustrating  the  .\ttitude  of  tlic  Limbs  at  Birth. 


months  until  the  feet  are  in  the  reverse  po.sition,  naniely,  abducted  and  dorsi- 
fiexed.  If  for  any  reason  this  rotation  is  checked,  the  abnormal  constraint 
induces  deformity.  The  most  resistant  deformity  is  thus  equino-varus,  be- 
cause its  development  begins  in  the  early  months  of  fa^tal  life,  while  valgus 
and  calcaneus,  representing  constraint  at  a  much  later  jaeriod,  are,  as  a  rule, 
very  easily  cured. 

This  theory,  although  not  supported  by  actual  investigation  of  foetal  atti- 
tudes, is,  from  the  clinical  standpoint,  very  satisfactory. 

Congenital  talipes  is  much  more  common  in  males  than  in  females,  the  pro- 
portion being  about  64  to  36.  It  is  more  often  unilateral  than  bilateral,  the 
proportion  being  57  to  43. 

By  far  the  most  common  of  the  congenital  deformities  is  equino-varus,  more 
than  75  per  cent  of  the  cases  being  of  this  type ;  valgus,  varus,  and  equinus, 
in  the  order  named,  accounting  for  15  per  cent  of  the  remainder. 
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The  Relative  Frequency  of  the  Different  Forms  of  Congenital  Talipes. — (From  Whit- 
man's   "  Orthopedic   Surgery.") 

Cases.  Percentage. 

Equino-varus ]  ,272                77.0 

Valgus .'  123                  7.4 

Varus 8.5                  5.1 

Calcaneo-valgus 52                  ,3.1 

Equinus 40                  2.4 

Calcaneus 28                  1.7 

Equino-valgus 28                  1.7 

Calcaneo-varus .  .  : 7 

Cavus 5 

Valgo-cavus 1 

Equino-ca  vus 1 

Different  defomiity  in  rach  foot 18 

Total 1,660 

Talipes  Equino-varus.— Tliis  form  of  deformity,  in  wliicli  the  foot  is  turned 
dowinvard  and  inward  and  even  backward,  explains  the  popular  name  "club- 
foot."' In  most  instances  only  the  exaggerated  adduction  and  inversion  are  ap- 
parent, the  equinus  being  masked  until  the  foot  is  replaced  in  an  approximately 
normal  relation  to  the  leg.  For  this  reason  it  is  often  classified  in  foreign  text- 
books as  varus. 

If  one  considers  the  deformed  foot  as  having  developed  in  the  distorted  atti- 
tude, it  will  be  apparent  that  all  its  component  parts  must  participate  in  the 
deformity.  For  example,  all  the  tissues  on  the  convex,  or  longer,  side  are 
elongated,  and  those  on  the  concave  side  are  too  short  to  permit  the  normal 
position. 

The  bones  themselves  conform  to  the  deformity  and  the  joints  are,  of  course, 
accommodated  to  it.  The  most  noticeable  abnormalities  are  in  the  astragalus 
and  OS  calcis;  the  neck  of  the  former  is  .somewhat  elongated  and  is  twisted 
dowTiward  and  inward,  while  the  os  calcis  is  usually  correspondingly  twisted 
so  that  its  inner  border  is  somewhat  concave.  At  birth  the  deformity  varies 
in  degree  and  in  resistance  accoixiing  to  the  duiation  and  degree  of  the  intra- 
uterine constraint.  In  some  cases  it  may  be  nearly  overcome  by  manipulation. 
In  other  instances  it  is  but  slightly  influenced  by  ordinar}'  pressure,  and  the 
foot  seems  smaller  and  thicker  than  noiinal. 

If  the  deformity  is  not  treated,  it  is,  even  in  infancy,  increased  by  muscu- 
lar action,  becau.se  motion  is  po.ssible  only  in  the  directions  of  deformity. 

When  the  child  begins  to  walk,  the  weight  of  the  body  and  functional  use  fi.x 
and  exaggerate  the  distortion.  The  limbs  are  atroi)hied,  the  feet  remain  unde- 
veloped, and  usually  the  soles  face  almost  directly  backward,  the  centre  of  what 
corresponds  to  the  heel  being  somewhat  in  front  of  a  point  about  half  way 
between  the  extremity  of  the  external  malleolus  and  the  sole.  And  here  a 
large  bursa  forms.     Thei'e  is  usually  compensatory  knock-knee  as  well.     In 
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some  iii.slaiiccs,  ;illlioti{;li  llie  gait  is  awkward  and  (he  dcfdriiiity  \-('i'y  iKiticc- 
alilo,  the  functional  aljility  is  fair,  the  principal  discomforl  licinji  IVoni  caliu.ses 
and  (Mirns. 

Treatment. — The  priticiplcs  of  treatment  are  very  simple.  As  the  foot  has, 
from  an  early  j)eriod,  dexclopcd  into  deformity,  as  soon  as  is  practicable  after 
hirtli  it  sliould  he  made  to  gi'ow  toward  symmetry. 

In  Ihc  caily  monllis  of  life  the  tissues  are  yielding,  groM'th  is  rapid,  and 
under   favorahle   Cdnditious  a    clul)-foot   should   Ix'    pi'actically   cured  without 


Fig.  6.56. — Congonitul  Varus  without  Equinu.s. 


operation  before  the  child  begins  to  stand.  The  ordinaiy  time  for  beginning 
treatment  is  at  about  the  end  of  the  second  week,  although  the  foot  uiay  be 
straightened  manually  from  time  to  time  l)efore  positive  treatment  is  begun. 

The  first  step  is  to  overcome  deformity.     This  deformity  may  be  divided ' 
into  three  parts,  which  should  be  treated  consecutively — adduction,  inversion 
of  the  sole,  and  finally  the  ecjuinus. 

The  most  convenient  means  of  fixing  the  foot  during  the  i)rocess  of 
correction  is  by  a  plaster-of-Paris  splint.  This  is  applied  as  follows  :  The 
foot  is  powdered,  pledgets  of  cotton  are  inserted  between  the  toes,  a 
narrow  band  of  cotton  is  placed  about  the  toes  to  protect  them  from 
pressure   and   a  similar    band   is   placed    about    the    calf    below   the   knee. 
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The  foot  is  tlieu  gently  drawn  outwaid  until  resistance  is  enconntered 
and  a  narrow  cotton-flainiel  bandage  is  applied,  which  in  tnrn  is  covered 
smoothly  with  about  two  la\-ers  of  plaster  Imndage,  turns  being  made  from 
without  inward  so  that  the  tension  may  aid  in  retaining  the  foot  in  the  im- 
proved position.  This  bandage  should  be  rul)bed  until  it  is  firm,  the  aim  being 
to  make  the  support  no  thicker  than  blotting  jiapcr  and  thus  to  hold  the  foot 
in  the  improved  position  without  compression.  At  the  end  of  a  week  the  band- 
age is  removed,  the  hg  is  massaged  and  jiowdered,  and  the  bandage  is  reapplied 
with  the  foot  in  an  attitude  of  further  correction,  the  aim  Ijeing  to  turn  it  grad- 
ually and  gently  at  successive  sittings  from  exaggerated  adduction  to  exag- 


FiG.  657. — The  Firat  Applicntiun  uf  tliu  l'l;i>tLr  I'.aiiilagi'.  Sliowini;    tli.    Improved  Position 
of  the  Foot.     (From  VVhitinan's  "  Orthopedic  Surgery.") 


gcrated  abduction.  A  marked  improvement  is  readily  attained  at  each  apjili- 
cation  of  the  support,  because  the  fixation  dimini.slies  the  muscular  resistance 
anil  because  tlie  rapidly  growing  part  conforms  to  the  new  position.  As  the 
foot  passes  the  line  of  the  leg,  the  inverted  sole  becomes  level,  and  with  each 
ajjplication  it  is  everted  until  it  finally  looks  almost  directly  outward.  If  the 
limb  is  .so  fat  that  the  support  is  easily  displaced  a  narrow  strip  of  adhesive 
plaster  shoukl  be  applied  to  the  outer  liordoi'  of  the  leg,  the  lower  end  of  which 
is  incorporated  in  the  bandage,  and  it  thus  serves  to  fix  it  securely  in  place. 

In  a  ca.se  of  moderate  resistance,  one  .should  be  able  to  change  adduction 
and  inversion  to  extreme  abduction  and  eversion  in  from  three  to  six  treat- 
ments. 

During  this  period  '.sufficient  tension  is  brought  upon  the  posterior  tissues 
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to  lesson  the  cquinus,  ami  when  tlie  latei-al  distortion,  the  most  important  part 
of  the  deformity,  is  corrected,  the  foot  is  brought  more  toward  the  line  of  the  leg 
and  is  pushed  upward  to  bring  direct  tension  on  the  postei-ior  tissues,  care  being 
taken  tliat  too  mucii  strain  sliallnot  be  jjrought  upon  the  leg  l^ones  and  also  that, 
as  tlie  forefoot  ispusiied  up,  tlie  heel  shall  correspondingly  descend.  This  is  con- 
tinued at  tlie  successive  treatments  until  the  dorsuin  of  the  foot  can  be  forced 
into  contact  with  the  limb.  Thus,  in  a  favorable  ca.se,  all  resistance  to  complete 
overcorrection  of  deformity  should  have  been  overcome  in  about  three  months. 
This  implies,  of  covu-se,  that  the  treatment  has  been  pi-ogressi\-e.  It  is  some- 
times suggesteil  that  the  confinement  of  the  foot  is  harmful,  but  as  a  matter  of 
fact  it  is  an  essential  part  of  the  treatment,  .since  the  nmscles  on  the  back 
and  inner   side    of    the    limb  are   relatively  hypertro])hied,    and,   if   motion 


Fig.  658. — Apparatus  of  Dr.  A.  B.  .Judson  for  Rectification  of  Deformities  of  the  Foot,  a,  Tlie 
deformed  member.  The  letters  -4,  B,  C  indicate  the  points  for  pressure  and  counter-pressure,  h 
shows  the  apparatus,  BCD  being  a  bar  of  thin  brass,  to  either  end  of  which  are  attached  thin  disks 
of  the  same  material;  a  third  disk,  A,  is  used  to  equalize  the  pressure.  The  application  of  the  splint 
to  the  limb  by  means  of  bands  of  adhesive  plaster  is  shown  in  c.  Tlie  correction  of  deformity  is 
effected  by  changing  the  shape  of  the  brace. 


of  the  foot  is  allowed,  the  deformity  is  increased  ami  cure  is  delayed.  The 
object  of  treatment,  fia-thermore,  is  not  mei'ely  the  correction  of  deforin- 
ity,  but  such  a  transformation  of  the  structure  of  the  foot  as  will  assure  per- 
manent cure.  If  the  treatment  is  conducted  in  the  manner  described  and  if 
the  cori'ection  is  attained  witliin  a  reasonable  time,  there  is  absolutel}'  no 
danger  of  muscular  atrophy  other  than  as  a  temporary  indication  of  disuse. 

The  plaster-bandage  method  has  been  described  as  the  most  convenient 
and  effective,  but  other  means  of  correction  and  fixation  may  be  employed. 
For  example,  Judson  uses  a  sjjlint  of  brass  which  is  successively  bent  from 
week  to  week  to  force  the  foot  into  the  desired  position,  as  illustrated  by  the 
figures.     (Fig.  658,  a,  h,  and  c.) 

^^Hien  the  resistance  to  the  extreme  range  of  normal  motion  has  been  over- 
come, the  first  stage  in  treatment  has  been  completed,  but,  as  has  been  stated, 
functional  cure  cannot  be  assui-ed  until  the  foot  has  become  consolidated  in  its 
new  position  by  a  rearrangement  of  its  internal  structure  and  until  tlie  mus- 
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cular  balance  of  the  foot — that  is,  the  ability  to  move  it  voliintaril}-  in  all  di- 
rections— has  been  regained.  This  natural  process  of  reconstruction,  although 
very  rapid  in  infancy,  as  contrasted  with  childhood,  can  hardly  be  accomphshed 
during  the  three  or  more  months  occupied  in  correction.  Consequently,  it  is 
usually  necessary  to  supiiort  the  foot  in  the  attitude  of  dorsiflexion  and  ab- 
duction until  the  child  begins  to  walk.  For  tliis  purpose  a  Ught  support  of 
aluminum,  hard  rubber,  or  other  material  may  be  constructed,  or  the  foot 
may  be  held  by  a  straji  of  adhesiA-e  plaster  passed  under  the  sole  and  up  the 
outer  border  of  the  leg.  The  apimratus  should  be  removed,  if  possible,  several 
times  a  day  to  permit  massage  of  the  foot  and  limb  and  methodical  twisting 
to  the  limit  of  movement  in  every  direction.  I 

In  many  instances  the  leg  is  rotated  inward  on  the  thigh,  and  outM'ard  rof 
tation  may  be  limited  also  at  the  hip.  In  such  cases  the  methodical  manipu]- 
lation  should  lie  employed  to  stretch  the  contracted  tissues.  The  muscular 
action  in  the  weakened  group  of  flexors  and  abductors  may  be, -nith  advantage, 
induced  by  tickling  the  sole  of  the  foot  or  by  electrical  stimulation  and  the 
like.  "\Mien  the  child  begins  to  stand,  a  well-fitting  shoe  should  be  jjrovided:, 
and  in  most  instances  it  is  well  to  assure  eversion  by  making  the  outer  bordet 
of  the  sole  somewhat  thicker  than  the  inner.  If,  in  walking,  the  child  inverts 
the  foot,  an  elastic  band  ma}-  be  attached  to  the  front  of  the  outer  border  of 
the  shoe.  This  is  then  pas.sed  to  the  outer  side  of  the  calf  behind  the  knee  and 
across  the  front  of  the  thigh  and  buckled  to  the  centre  of  the  waistband,  or, 
if  both  feet  are  affected,  to  a  belt. 

The  supervision  of  the  postures  and  the  manipulation  to  assui-e  the  com- 
plete range  of  motion  must  be  contmued  indefinitely  if  perfect  functional  cure 
is  desired. 

This  description  represents  the  ordinary  course  and  outcome  of  treatment 
under  normal  conditions.  In  certam  mstances  m  which  it  has  been  delayed  or 
is  less  effective,  or  in  which  the  posterior  tissues  are  especially  resistant,  it  may 
be  advisable,  after  the  varus  has  been  corrected,  to  hasten  correction  by  divis- 
ion of  the  tendo  Achillis.  This  operation  should  be  performed  subcutane- 
ously.  Tlie  foot  ha\'ing  been  prepared,  the  child  is  anaesthetized  and  turned 
upon  its  face.  The  foot  is  forced  toward  dorsal  flexion  to  make  the  tendo 
Achillis  tense,  and  the  tenotomy  knife  is  then  inserted  at  a  i)oint  opposite  the 
extremity  of  the  external  malleolus,  passed  beneath  the  tendon,  turned  to  bring 
the  cutting  edge  against  it,  and  it  is  then  divided  with  a  gentle  sawing  motion 
and  the  Icnife  is  withdrawn.  As  a  rule,  there  is  no  lileeding.  AMien  the  de- 
formity is  corrected  after  tenotomy,  the  foot  is  forced  up  to  complete  dorsal 
flexion.  It  must  be  borne  in  mind  that  the  tendon  is  but  one  of  the  shortened 
tissues;  therefore  in  overcoming  deformity  the  finger  should  be  passed  about 
the  heel  to  force  it  actually  downward  by  elongation  of  the  shortened  liga- 
ments, and  if  these  are  very  resistant  they  may  be  divided  by  passing  the  knife 
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directly  inward  against  the  jjusterior  surface  of  the  joint,  care  being  taken  to 
avoid  the  important  parts  in  the  neighborhood  of  the  internal  inallcolus. 

A  plaster-of-Paris  bandage  is  then  applied  in  the  attitude  of  overcorrec- 
tion, and  it  is  allowed  to  remain  for  from  lour  to  eight  weeks,  when  repair  is 
usually  complete. 

In  a])plying  the  plaster,  care  should  be  taken  that  no  jji'cssure  be  brought 
at  the  point  of  di\ision  of  the  tendon,  in  oriler  that  the  new  material  produced 

by  the  sheath  and  from  the  cut  surfaces  may 
not  be  compres.sed.  Ordinarily  this  splice  in  the 
tendon  is,  when  organized,  thicker  than  the  origi- 
nal; and,  when  the  operation  is  properly  per- 
formed, thei'e  is  no  danger  whatever  of  non- 
union or  of  subsequent  disturbance  of  function. 
Such  results  need  be  feared  only  in  cases  of 
fjaralytic  deformity  in  which  the  tissues  are 
f(('lily  nourished  antl  in  which  the  foot  is  not 
el'fectively  supported  during  the  process  of  repair. 
Thus  far  the  treatment  of  congenital  talipes 
in  infancy  has  been  con.sidered.  One  now  pro- 
ceeds to  the  cases  in  \\hich  treatment  in  infancy 
has  been  ineffective  ami  in  which  deformity  has 
been  increased  and  has  become  more  resistant 
because  of  functional  use.  In  the  great  majority 
of  cases  of  this  type,  in  childien  from  three  to 
twelve  years  of  age,  treatment  by  braces  or  by 
oj^eration  has  been  carried  out  in  a  desultory 
manner,  but  the  piinciple  of  complete  over-cor- 
lection  of  deformity  and  retention  for  a  sufficient 
time  to  permit  the  necessary  transformation  of 
htrueturc  has  not  been  appreciated. 

In  all  cases  of  this  class,  or,  in  fact,  of  any 

class,  one  should  first  attempt  to  correct  or  partly  to 

correct  the  deformity  by  stretching  the  contracted 

tissues  before  resorting  to  more  radical  treatment. 

Forcible  Manual  Correction. — The  operation  of  choice,  therefore,  is  forcible 

manipulative  correction. 

The  patient  being  anaesthetized,  one  attempts  to  correct  the  foot  at  one 
.fitting  in  the  same  methodical  manner  that  is  employed  in  gradual  correction, 
namely:  to  overcome  first  the  iuAvard  twist:  second,  the  in^•ersion;  and,  third, 
the  equinus. 

Thus,  one  seizes  the  deformed  foot  in  the  hand,  the  fingers  grasping  the  heel, 
the  projection  of  the  palm  lying  against  the  convexity  of  the  outer  border  at 


Fig.  659. — Partly  Corrected  Club- 
feet, Illustrating  Unsuccessful  Treat- 
ment. In  cases  of  this  type  forcible 
correction  is  indicated. 


DEFORMITIES   OF   THE   LOWER   EXTRE:\IITIES.  905 

the  junction  of  the  cuboid  with  the  os  calcis.  Using  this  as  a  fulcrum,  the  oper- 
ator forces  the  forefoot  outward  with  the  other  hand,  alternately  stretching 
and  relaxing  the  tense  tissues  until  they  give  way,  thus  rendering  it  possible  to 
change  the  concavity  of  the  inner  border,  without  force,  to  a  convexity.  Tlien, 
in  the  same  manner  he  overcomes  the  inversion  bj-  repeatedly  twisting  the 
foot  until  the  sole  may  be  made  to  look  directly  outward. 

Finally,  the  equinus  is  corrected.  If  the  resistance  is  great,  it  is  well  to 
divide  the  tendo  Achillis  subcutaneously  in  the  manner  described.  One  then 
hooks  his  fingers  about  the  heel,  the  hand  lying  along  tlie  sole;  and  by  repeated 
apphcations  of  force,  the  bones  of  the  leg  being  prevented  from  bending  by 
firmly  grasjjing  them  with  the  other  hand,  the  foot  is  forced  upward  until  the 
dorsum  can  be  placed  in  contact  with  the  front  of  the  leg.  When  the  opera- 
tion is  completed,  the  foot  should  be  limp,  all  the  resistant  structures  having 
been  so  thoroughly  stretched  that  it  can  be  easily  jjlaccd  in  the  attitude  of 
overcorrection — namely,  abduction,  cversion,  and  dorsal  flexion — antl  fixed 
there  by  a  carefully  padded  plaster-of- Paris  bandage. 

It  is,  of  course,  apparent  that,  although  the  exterior  of  the  foot  may  Ise 
moulded  into  an  approximately  normal  form,  tlie  actual  reformation  of  the 
internal  structures  can  be  accomplished  only  after  many  months.  The  after-treat- 
ment, therefore,  consists  in  fixing  the  foot  for  several  months  in  the  new  position. 
The  most  efiicient  and  convenient  bi'ace  for  this  purpose  is  the  plaster-of-Paris 
bandage,  the  sole  being  made  unyielding  by  the  insertion  of  a  thin  board 
foot-plate  between  the  layers  of  plaster.  A  properly  fitted  shoe  is  applied  over 
the  bandage,  and  the  patient  is  encouraged  to  walk  about,  jjarticular  care  being 
taken  that  the  proper  attitude  is  assumed  in  walking.  Such  functional  use 
hastens  the  process  of  transformation  and  accustoms  the  patient  to  the  proper 
use  of  the  limb.  At  the  end  of  from  three  to  six  months  the  plaster  bandage 
may  be  replaced  l)y  a  metal  brace.  This  consists  of  a  steel  foot-plate,  pref- 
erably with  a  guard  along  the  inner  border  and  an  upright  passing  up  the 
inner  side  of  the  leg  to  the  upper  third  and  terminating  in  a  calf-band. 
This  brace  should  hold  the  foot  in  the  same  attitude  as  the  plaster,  and  it 
has  the  advantage  of  allowing  massage,  manipulation,  and  the  voluntary  use  of 
the  muscles.  This  voluntary  exei'cise  is  bj'  far  the  most  important  means  of 
cure,  but  it  is  possible  only  when  tiie  transforming  process  has  assured  the  new 
articulations  and  when  sufficient  retraction  has  taken  place  in  the  elongated 
muscles  to  permit  it.  At  the  end  of  a  year  the  l^race  may,  as  a  rule,  he  dis- 
carded, but  manipulation  and  exercises  should  be  continued  imtil  normal  function 
is  restored. 

In  the  operation  of  correction  that  has  been  described,  tenotomies  and 
di^isions  of  contracted  fascia  may  be  of  advantage  in  lessenmg  resistance.  In 
many  instances  it  may  be  advisable  to  divide  the  operation  into  two  or  more 
stages,  according  to  the  resistance  of  the  tissues  and  the  duration  of  the  de- 
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Fig.  660. — Reduction  of  Varus.     (After  Lorenz.)     By  means  of  a  triang\ilar  block  in  the  ordinary 
cases  correction  may  be  accomi^lislied  by  tlie  liands  alone,  as  described  in  the  text. 


Fig.    661. — Reduction  of  Cavus.      (.\fter  Lorenz.) 


Fig.  662. — Reduction  of  Eq.uinus.      (.\fter  Lorenz.) 
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formity.  When,  for  example,  it  is  feared  that  furtlier  stretching  would  en- 
danger the  circulation  of  the  skin,  the  foot  is  allowed  to  relax  somewhat  and, 
after  it  has  been  carefully  padded  to  prevent  pressure,  a  plaster  bandage  is 


Fig.  663. — Illustrating  Treatment  by  Forcible  Manipulation,  and    the  attitude  in  wliicli  the  feet  are 
fixed  by  plaster  bandages  so  that  functional  use  may  complete  the  correction. 

applied.     After  an  interval  of   one  or  more  weeks  the  process  of   correction 
is  completed. 

Manipulative  correction,  without  the  aid  of  instruments,  has  the  advantage 
of  safety,  since  pressure  of  the  hands  is  far  less  likely  than  \ATenchesto  injure  the 
tissues,  but  occasionally  in  very  resistant  cases,  particularly  those  in  which  the 


Fig.  664. — The  Thomas  Wrench. 

plantar  tissues  are  contracted,  the  Thomas  wrench  may  be  employed  with 
advantage.  This,  a  modification  of  the  ordinary  monkey  WTench,  is  placed  on 
the  inner  border  of  the  foot,  which  is  firmly  grasped  by  the  jaws,  and  it  is  then 
t-wisted  to  the  desired  position.  If  the  pressure  is  not  prolonged,  the  vitality 
of  the  tissues  is  not  impaired. 
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Simijle  forcible  correction  l>y  itself,  or  as  a  prelitiiiiiary  treatment,  has  the 
great  advantage  that  it  affects  all  the  tissues,  as  contrasted  with  cutting  opera- 
tions, in  which  the  correction  is  localized  at  the  point  of  incision. 

Phelps'  Operation  Jn/  Open  Iitcimon. — In  cases  of  the  resistant  type,  espe- 


I 


Fig.  665. — The  Thoma.s  Wroni-li  .Xpiilifil  tu  a  Case  of  Talipes  Equino-Varus. 

cially  in  older  subjects,  more  radical  procedures  may  be  required  to  correct 
the  deformity.  Of  these  the  most  conservative  is  forcible  cori'ection  after 
complete  division  of  the  contracted  parts  according  to  the 
method  advocated  by  Phelps.  The  foot  having  been 
properly  ]ii-epared,  one  reverses  the  usual  method  and 
attempts  to  correct  the  ecjuinus  first  by  subcutaneous 
tenotomy  and  by  force.  The  foot  is  then  turned  upon 
the  outer  side  and  an  incision  al:)out  two  inches  in  lengtli 
is  made  directly  downward  ovei'  the  astragalo-navicular 
articulation,  the  incision  beginning  at  a  point  just  below 
the  level  of  the  internal  malleolus  and  about  three-quar- 
ters of  an  inch  in  front  of  it.  The  articulation  is  opened 
by  a  complete  division  of  the  ligaments,  and  the 
foot  is  then  twisted  outward  and  upward,  opening 
a  wide, deep,  wedge-shaped  wound;  all  tissues  that 
resist  this  correction,  including,  if  necessary,  the 
tendons  of  the  tibialis  anticus  and  tibialis  posticus, 
the  plantar  fascia,  vessels,  nerves,  and  the  like, 
being  divided  as  they  appear.  Bleeding  points 
are  sutm-ed,  the  wound  is  covered  with  protective 
tissue  and  gauze,  and  a  light  plaster-of-Paris  band- 
age is  applied  in  the  position  of  overcorrection. 
In  ordinary  cases  the  original  bandage  remains  for  fi'om  two  to  three  weeks. 
Wlien  it  is  changed,  the  deep  wound  is  practically  filled  with  granulation  tissue. 


Fig.    666. — Tlie    Deformity    Par- 
tially Corrected  by  the  Wrench. 
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and  at  the  end  of  a  month  or  more  it  is  completely  closed.  The  after-treat- 
ment by  fixation  and  jirotection  is  the  same  that  has  been  described.  The 
particular  advantage  of  the  operation  is  that  it  permits  complete  and  rapid 
correction  of  the  most  important  ])ait  of  the  deformity,  namely,  the  varus, 
at  a  single  sitting.  This  method,  li(i\ve\-er,  is  not  regarded  as  highly  as  it  was 
formerly. 

Astragaledoni ij .~Ju  certain  instances,  particularly  of  the  adult  tyi)e  of  de- 
formity, the  displaced  and  distorted  astragalus  prevents  rei)lacenient,  the  bone 


Fig.  6fi7. — Ri-sistant  Club-foot  in  Cliildlioocl.      A  type  in  wliioli  the  Phelps 
operation  may  be  iiulicatetl. 


articulating  with  the  malleoli  only  at  its  jiosterior  aspect.  In  these  cases  the 
removal  is  advisalile  if,  when  the  varus  deformity  has  been  entirely  corrected 
by  force  or  by  open  incision,  it  is  impossible  to  force  the  foot  up  to  a  right  angle 
with  the  leg.  In  other  words,  astragalectoiny  should  always  be  a  secondary 
operation. 

In  cases  of  this  character  the  astragalus  is  so  far  displaced  that  it  may  be  easily 
removed  by  a  curved  incision  extending  from  just  below  and  behind  the  external 
malleolus,  forward  and  inward  over  its  projecting  body  to  the  outer  extremity 
of  its  head.     The  ligaments  attached  to  the  malleolus  are  divided,  the  interosse- 
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ous  ligament  is  scvert-cl  with  a  thin  knifo  i)assod  ])ctwecn  the  bones,  and  finally 
all  the  tissues  that  connect  the  head  of  the  astragalus  with  the  navicular.  The 
foot  is  then  forcibly  adducted,  exposing  the  head  of  the  astragalus,  which  is 
seized  with  bone-forceps  or  with  the  fingers    and    removed,   sufficient   force 


Ftg.  r»68. — The  Taylor  Club-foot  Brace,  as  Used  to  Correct  the  Deformed  Foot  by  Leverage. 
a,  Adjusted  to  tlie  foot;  ft,  correction  of  varus  wlien  the  upright  is  adjusted  to  the  leg;  c,  adhesive 
plaster  attaclied  to  the  brace  to  hold  it  in  position;  d,  the  brace  adjusted. 

being  exercised  to  tear  the  tissues  on  the  inner  and  posterior  .surface  that  are 
not  acces.sible  to  the  knife  or  scissors.  The  space  thus  gained  compensates  for 
the  short  posterior  tissues,  and  the  foot  is  fixed,  with  or  without  drainage,  by 
means  of  a  plaster  bandage  in  the  overcorrected  attitude. 


Fig.  669. — Judson's  Modification  of  the  Taylor  Brace,  Consisting  of  a  light  Steel  Foot-piece  Fixed 

to  an  Upright.     This  may  be  bent  to  adjust  it  to  tlie  foot   in  the  attitude  of  overcorrection. 


Astragalectomy,  by  relaxing  the  tissues  and  removing  all  obstruction 
to  motion,  permits  the  extreme  degree  of  dorsal  fle.xion  and  relieves  the 
stiffness  at  the  ankle  that  is  so  common  in  cases  of  this  type  treated  by  other 
methods. 
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Cuneiform  Osteotomy. — In  cases  of  the  adult  type  in  which  the  deformity 
is  extreme,  it  is  sometimes  necessary,  in  order  to  make  the  foot  symmetrical, 
even  after  astragalectomy,  to  l•emo^■e  a  wedge  from  the  convexity  of  the  outer 
and  upper  border  of  the  foot.  In  this  is  usually  included  the  anterior  extrem- 
ity of  the  OS  calcis.  The  deformity  having  heen  corrected,  it  is  well  to  press 
one  or  more  sutures  through  the  adjoining  bones  to  assure  ankylosis.  A  plas- 
ter bandage  is  then  applied. 

In  all  operations  of  this  class  the  use  of  the  Esmarch  bandage  is  of  advan- 
tage in  that  it  enables  one  to  perform  the  operation  more  ciuickly  and  accu- 
rately. It  may  be  removed  to  allow  the  suture  of  bleeding  points,  but  this  is 
hardly  necessary,  as  the  correction  of  the  deformity,  which  insures  pressure, 
and  the  ekn'ation  of  the  limb  check  the  hemorrhage  from  the  bones.  If  the 
operations  are  conducted  aseptically,  there  is  practically  no  danger.  Drainage 
may  be  used  or  not,  according  to  the  indications. 

As  soon  as  the  sensitiveness  has  subsided  and  the  wound  has  closed,  a  light 
plaster  bandage  is  applied  and  the  patient  is  encouraged  to  walk.  If  the  de- 
formity has  been  OA'ercorrected,  there  is  but  little  tendency  for  the  foot  to 
relap.se,  and  with  ordinary  care  as  to  corrective  manipulation  in  the  after-treat- 
ment braces  are  not  required. 

In  cases  of  this  class,  the  object  of  treatment  is  to  make  the  foot  sym- 
metrical. Complete  restoration  of  normal  function,  as  is  possible  in  childhood, 
is,  of  course,  out  of  the  ciuestion;  in  fact,  it  is  becau.se  of  this  persistent  stiffness 
and  because  of  the  cessation  of  growth  that  the  danger  of  recurrence  of  de- 
formity is  comparatively  slight. 

It  may  be  noted  that  in  this  outline  of  treatment  of  club-foot  under  proper 
conditions,  functional  cure  rather  than  mere  correction  of  deformity  is  the  aim 
in  view.  Correction  of  deformity,  being  the  essential  preliminary  to  transfor- 
mation of  the  tissues,  should  be  assured  as  cjuickly  and  as  completely  as  possi- 
ble. This  is  opposed  to  the  former  methods,  in  which  gradual  and  partial 
correction  by  braces,  a  process  often  occupying  many  }'ears,  was  more  gen- 
erally employed.  There  are,  of  course,  many  cases  in  which  brace  treat- 
ment with  its  accessories,  even  wlu^n  applied  in  later  childhood,  is  eventually 
successful.  It  seems  far  preferable,  however,  in  this  class  of  ca.ses  to  restrict 
the  function  of  the  brace  to  the  simple  support  after  the  deformity  has  been 
corrected. 

Other  Forms  of  Talipes. — The  other  forms  of  congenital  talipes,  varus, 
valgus,  and  calcaneus,  are  relati^•ely  insignificant  in  number  and  in  importance. 
These  deformities  are  also  usually  far  less  resistant  than  ordinary  club-foot. 
In  many  instances  the  deformity  may  be  overcome  by  systematic  manipulation 
by  the  mn-se  or  [larent.  If  the  deformity  is  more  obstinate,  gradual  correction 
with  fixation  in  the  manner  dcscrilied  may  be  employed. 

Complications  of  Congenital  Talipes. — As  has  been  stated,  in  many  instances 
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tho  foot  is  smaller  than  noi'inal  or  thicker  and  hroailcr  in  proportion  to  its 
lengtli.  These  iniperl'eetions  usually  become  less  marked  under  treatment  and 
with  growth.     In  some  instances  there  are  constricting  furrows  or  bands,  appar- 


FiG.  071). — Congenital  Talipes  Valgus — "Flat-foot." 

ently  due  to  amniotic  adhesions,  about  the  foot  or  limli,  l)ut  tliese  rarely  re- 
quire treatment. 

Club-foot  sometimes  accompanies  spina  bifida,  in  wliicli  case  actual  paral- 
ysis of  motion  and  sensation  may  in  certain  cases  be  present. 


Fig.  671. — Congenital  Talipe.s  Calcaneus. 

Other  forms  of  congenital  paralysis,  except  spastic  hemiplegia  or  paraplegia 
due  to  prenatal  disease  or  to  injury  at  birth,  are  uncommon.  In  certain  in- 
stances the  limb  may  be  shorter  or  toes  may  be  lacking,  or  the  foot  may  be 
fissured  or  othei-nise  malformed.  Of  this  type  the  most  important  cases  are 
those  in  which  the  bones  of  the  leg  are  absent  or  rudimentary. 
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If,  for  example,  the  fibula  is  absent,  the  foot  is  usuallA'  in  an  attitude  of 
equino-valgus  and  in  many  instances  the  two  outer  toes,  with  their  correspond- 
ing metatarsal  bones,  are  lacking.  There  is  often  a  sharp  anterior  angular 
bending  of  the  tiliia  at  alioiit  its  centre,  with  what  resembles  a  scar  at  the 
point  of  convexity.  This  was  supposed  at  one  time  to  be  a  so-called  intra- 
uterine fracture,  but  it  is  now  thought  to  be  a  deformity  induced  by  the  lessened 
resistance  of  the  limb. 

If  the  tibia  is  absent  or  is  rudimentary,  the  attitude  is  often  that  of  eiiuino- 
varus,  and  the  great  toe  or  the  first  two  toes  may  be  lacking.  In  this  class  of  cases 
the  entire  limb  is  usuall}^  shortened,  the  shortening  being  most  marked  in  the 
leg,  but  also  apparent  in  the  thigh.  This  is  more  marked  when  the  tibia 
is  ab.sent  than  the  fibula,  and  the  disparity  increases  with  the  growtli  of 
the  child. 

The  indications  for  immediate  treatment  are  to  overcome  the  deformity 
of  the  limb  and  foot  and  to  supjioi-t  it  with  braces.  \'arious  operative  proced- 
ures have  been  employed,  but  the  final  results  are  not  particularly  encourag- 
ing. If  the  growth  of  the  leg  is  ver_v  much  iui])aii'ed,  the  treatment  of  selec- 
tion is  to  fit  the  extremity  for  a  proper  artificial  limb. 

The  ordinary  forms  of  talipes  are  not,  as  a  rule,  accompanied  l\v  other  de- 
formities, but  those  cases  which  are  accompanied  by  deficiency  of  bones  or 
other  tissues  are  more  often  complicated  by  malformations  of  other  parts. 

Acquired  Talipes. — In  the  description  of  congenital  talipes  it  was  stated 
that  in  the  great  majority  of  cases  the  cure  of  deformity  implied  the  cure  of 
disability. 

In  acquired  talipes,  on  the  other  hand,  the  cause  of  deformity  is  almost 
always  paralysis,  and,  although  the  deformity  is  far  more  easily  overcome  than 
when  it  is  of  congenital  origin,  a  cure  is  out  of  the  question  if  the  original  cause 
persists. 

The  natui-e  of  the  paralysis  in  about  eighty-three  i)er  cent  of  the  cases  is 
anterior  poliomyelitis.  In  eleven  or  twelve  per  cent  it  is  due  to  cereliral  hemi- 
plegia or  paraplegia.  A  small  percentage  of  the  cases  may  be  accounted  for 
})y  neuritis  or  other  localized  paralysis,  and  about  five  per  cent  are  the  direct 
or  indirect  effect  of  injuiy,  such  as  fracture  or  scar  contraction,  or  of  local  dis- 
ease in  which  a  portion  of  the  bone  has  been  destroyed. 

Congenital  talipes  is  far  more  common  in  males  than  in  females,  while  in 
acquired  talipes  there  is  but  a  slight  difference  in  favor  of  the  former  sex.  In 
acquired  talipes  the  affection  is  more  often  limited  to  one  foot,  and,  as  appears 
in  the  talile  of  statistics,  the  equino-\arus  deformity  is  relatively  far  less  com- 
mon than  are  the  congenital  cases. 
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Relativk    Frequency    of  the  Diffekent  Forms    op   Acquired   Talipes,  together   with 

THE  Etiology. 


Equino-varus  . . . 

Equinus 

Calcaneus 

Valgus 

Equlno- valgus  . . 
Calcaneo-valgus . 

Varus 

Calcaneo-cavus  . 
Equino-cavus.  . . 
Calcaneo-varus. . 

Cavus 

Varo-cavus 


Deformity  different 
each  side 


Spinal. 


Anterior 

Polio- 
myelitis. 


479 

321 

•219 

134 

lU 

76 

41 

12 

11 

3.5 
1 


Cerebral. 


Hemi- 
plegia. 


1,465 


28 
66 
3 
4 
0 
0 
2 

0 
0 
0 
1 
1 


105 


Para- 
plegia. 


35 
46 
1 
7 
5 
0 
1 
0 
0 
0 
0 
0 


95 


Other 
forms  of 
Paraly.sis. 


Trau- 
matic. 


29 

26 
1 


95 


Total. 


575 

462 

224 

173 

122 

78 

49 

12 

24 

11 

36 


1,768 
50 


Per 
cent. 


32.5 
26.1 
12.6 
9.7 
6.9 
4.4 
2.7 

1.3 

2.0 


Anterior  poliomyelitis 1.465  =  82. S  per  cent 

Cerebral 200=11.3 

Traumatic 95  =    5.3        " 


Comparative  Frequency  of  the  Different  Forms  of  Talipes,  Congenital  and  Acquired. 

Congenital.  Acquired. 

Equino-varus 77.0  per  cent  32.5  per  cent 

Valgus 7.4       "  9.7       " 

Varus 5.1       "  2.7       " 

Calcaneo-valgus 3.1        "  4.4       " 

Equinus 2.4       "  26.1       " 

Calcaneus 1.7       "  12.6       " 


The  development  of  acquired  talipes  due  to  anterior  poliomj-elitis  i.s  some- 
what as  follows: 

There  is  primaril}^  the  paralysis,  usually  more  extensive  than  that  which 
eventually  persists,  and  generally  accompanied  at  its  onset  by  more  or  less  con- 
stitutional disturbance. 

This  is  followed,  after  several  weeks  or  months,  by  a  stage  of  recovery  which 
lasts  for  six  months  or  longer,  although  in  cases  properly  ti-eated  the  gain  in 
functional  ability  may  continue  almost  indefinitely.  This  may  be  accounted 
for  in  part  by  compensatory  hypertrophy  of  the  muscles  or  portions  of  mus- 
cles that  are  still  active,  and  in  pait,  it  may  be,  by  similar  adaptation  in  the 
spinal  cord. 

The  proper  treatment  of  anterior  poliomyelitis  implies  prevention  of  de- 
formity, since,  in  a  large  proportion  of  cases,  deformity  increases  the  disability 
due  to  paralysis. 

In  the  development  of  acquired  talipes  there  are  three  important  factors: 
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Figs.  672  and  673. — Normal  Range  of  Motion  at  the  Ankle  Joint. 


Fi<.~    r,7  I  ■111  i  r,7.',       Ni^riiKil  l;:iMgi-  of  Motion  at  the  Medio-farsal  and  Astragalo-calcancoid  Joints. 
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tlie  I'oR'c  of  <;r;ivity,  the  action  of  tlu-  unhalaiici'd  muscles,  and  finally  func- 
tional use  of  tlic  weakened  or  deformed  member.  The  influence  of  the  foi'ce 
of  gravity  is  particularly  important  because  the  anterior  muscles  of  the  leg 
are  usually  involved  in  any  foi'ni  of  paralysis;  consequently  the  foot  sinks  into 
an  atlilude  of  equinus  which  jjersists.  Meanwhile  the  posterior  muscles  con- 
ti'act  ill  adai)tati(jn  lo  liie  ])ersis(ent  attitude  and  aftei'  a  time  become  actually 
shortened.  It  is  this  adaptive  retraction,  even  more  than  active  muscular 
contraction,  that  determines  the  original  deformity.  In  most  instances  mus- 
cular contraction  and  gravity  are  combined  to  induce  deformity,  but  if  the 
posterior  leg  group  is  paralyzed,  the  anterior  muscles  retaining  their  j)ower, 
the  two  are  then  opposed,  and  deformity  does  not  appear  until  the  part  is  used 
in  walking.  Thus,  although  equinus  usually  ap]3ears,  even  though  all  the 
muscles  are  paralyzed,  the  development  is  much  more  rapid  when  the  posterior 
muscles  are  unaffected. 

Functional  u.se  when  the  ■\\eight  of  the  liody  falls  habitually  to  one  or  the 
other  side  of  the  centre  of  the  foot  exaggerates  the  distortion:  meanwhile 
there  is  a  natural  adajjtation  of  the  tissues  and  of  the  remaining  muscular 
power  to  the  habitual  posture  and  use,  which  adapts  the  internal  structure  to 
the  distortion.  Thus,  certain  cases  of  paralytic  deformity  of  long  standing  may 
be  almost  as  difficult  to  correct  as  the  congenital  form. 

Paralytic  talipes  is  in  most  instances  an  unnecessary  deformity.  In  its 
prevention  the  following  points  are  of  importance : — 

The  paralyzed  part  should  not  be  permitted  to  remain  in  the  attitude  of 
deformity,  but  should  be  regularly  rubbed — a  treatment  that  is  almost  never 
neglected, — and  passive  motion  should  be  jnished  to  the  limit  of  normal  action 
at  each  joint  several  times  during  the  day,  to  prevent  the  muscular  reti'action 
that  has  been  mentioned.  It  is  of  advantage,  also,  to  support  the  part  in  the 
normal  position  by  some  form  of  simple  ai^ijaratus  during  the  stage  of  j)araly- 
sis;  and  if,  as  is  true  in  most  instances,  recovery  is  incomplete,  a  brace  must 
be  used  to  hold  it  in  proper  position  when  function  is  resumed.  It  is  because 
of  the  neglect  of  such  j^reventive  treatment  that  paralytic  talipes  is  common. 

The  character  of  deformity  is  dependent  upon  the  distribution  of  the  paral- 
ysis. If,  therefore,  one  is  familiar  with  the  function  of  the  muscles  he  may 
predict  accurately  the  form  of  distortion  that  must  follow.  If  all  the  muscles 
on  the  front  of  the  leg  are  jiaralyzed,  then  the  foot  will  sink  downward  into 
ecjuinus.  If  the  tibialis  anticus  muscle,  the  most  powerful  of  the  dorsal  flex- 
ors and  adductors,  is  lost,  equino-valgus  will  follow,  ^'arus  results  from 
paralysis  of  one  or  more  of  the  ]ieronei:  calcaneus,  if  the  power  of  the  calf 
muscle  is  lost;  and  between  the  well-marked  deformities  one  finds  every  grade  of 
weakness  and  distortion,  depending  on  the  damage  that  has  been  sustained 
and  upon  the  quality  of  the  i)rotection  that  has  been  provided. 

Acquired  Talipes  Equinus-  — Talipes  equinus  is  by  far  the  most  common 
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of  the  acquired  deformities  of  the  foot.  The  ^hghter  forms  have  ah-eady  been 
descrilx'd  under  the  title  of  the  "Contracted  Foot."  Even  marked  deformity  may 
follow  such  simple  causes  as  long  confinement  to  bed,  from  one  or  another 
cause,  the  position  of  extension  l)eing  favored  by  the  weight  of  the  bedclothes. 
There  are  several  degrees  of  equinus,  from  slight  limitation  of  dorsal  flexion 
to  complete  extension  of  the  foot  upon  the  limb,  the  toes  even  being  fixed  in  flex- 
ion. In  the  ordinary  case  the  weight  is  borne  principally  on  the  anterior  part 
of  the  foot,  which  is  somewhat  broadened.     The  toes  arc  contracted  and  the 


Fig.  676.->-Talipes  Equiuus  of  Par.alytic  Origin,  with  Slight  Secondary  Varus. 

longitudinal  arch  is  increased  in  depth.  If  the  limb  is  shorter  than  its  fellow, 
for  which  the  extended  foot  serves  as  compensation,  there  is,  as  a  rule,  but 
little  discomfort.  In  other  instances,  however,  the  limitation  of  dorsal  flexion 
makes  the  gait  awkward  and  there  is  discomfort  whenever  tension  falls  on  the 
shortened  tis.sucs.  There  is  often  pain  about  the  contracted  plantar  fascia 
and  at  the  metatarsal  arch. 

Tre.^tment. — In  most  instances  the  correction  of  the  deformit}'  is  indi- 
cated even  though  the  limb  is  short.  In  mild  cases  this  may  be  overcome  by 
mechanical  means  or  by  mani])ulation  undei'  antTsthesia:  but  if  the  deformity 
is  fixed,  division  of  the  contracted  parts  is  indicated.  The  patient  being  an- 
ifisthetized,  one  first  endeavors  to  straighten  the  cavus  deformity  of  the  foot.    A 
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tenotome  is  inserted  in  the  skin  ;it  the  deepest  part  of  the  areii,  iind  is  passed  over 
the  eentral  tendon  of  the  phmtar  fascia,  which  is  then  divided  with  a  sawing 
motion.  If  otlier  liands  app(>ar  lliey  are  also  divided.  A  Tliomas  wrench  is 
then  ajiphed  and  the  cavus  is,  as  far  as  it  may  be,  overcome  by  the  sudden 
apphcation  of  force,  supplemented,  of  coiu'se,  by  forcible  manipulation.  After- 
ward the  tendo  Achillis  is  divided  subcutaneously  at  a  jxtint  aljout  an  inch 
above  its  insertion.  The  foot  is  then  forced  upward  to  the  normal  limit  of 
dorsal  flexion  and  a  plaster  bandage  is  applied,  the  foot  being  protected  ade- 
quately with  cotton,  the  thickness  of  the  jjadding  varying  with  the  degree  of 
force  used  in  correction.  Care  must  be  taken  that  no  pressure  shall  be  exerted  on 
the  interval  between  the  severed  ends  of  the  tendon,  as  it  would  interfere  with 
the  fusion  of  the  plastic  material  of  which  the  splice  is  constructed.  Usually, 
within  a  few  days  the  patient  may  walk  about,  the  sole  part  of  the  band- 
age having  been  strengthened,  if  necessary,  by  the  addition  of  a  thin  board. 
Walking  during  the  stage  of  rejjair  aids  in  the  complete  correction  of  deformity 
and  hastens  the  healing  process  in  the  tendon.  If  one  jjrefers,  a  plastic  opera- 
tion may  be  made  on  the  tendon  and  the  ends  united  by  suture,  but,  in  my  ex- 
perience, there  is  little,  if  anything,  to  be  gained  by  the  more  complicated  pro- 
cedure, unless  the  deformity  is  so  extreme  and  resistant  that  the  open  hicision 
is  required  to  enable  one  to  divide  other  contracted  parts.  The  operation  is, 
of  course,  simply  for  the  correction  of  deformity,  Init  in  many  instances  the 
overcorrection  of  the  malposition  is  followed  by  a  surprising  gain  in  the  ability 
of  the  muscles  apparently  paralyzed,  so  that  not  infrequently  a  practical  cure 
is  attained.  If,  however,  the  anterior  muscles  are  paralyzed,  a  brace  to  sup- 
port the  foot  at  a  right  angle  with  the  limb  and  thus  to  prevent  deformity  is 
essential,  at  least  in  childhood. 

This  brace  should  be  of  the  simplest  description,  consisting  of  a  steel 
sole-plate  of  sufficient  size,  when  covered  with  a  leather  sole,  to  support  the 
foot,  and  attached  to  an  upright  passing  up  the  inner  or  the  outer  side  of  the 
leg  according  to  the  lateral  inclination  of  the  foot — the  outer  side  if  toward 
varus,  the  inner  if  toward  valgus — in  order  to  avoid  pressure  on  the  ankle. 
The  apparatus  terminates  in  a  calf-band  and  strap.  (Fig.  679.)  If  there  is 
no  joint  at  the  ankle,  the  brace  is  more  durable.  If  a  joint  is  used  it  must  be 
provided  with  a  catch  to  jjrevent  foot-drop. 

Adult  patients  often  dispense  with  braces,  and,  if  the  limb  is  several  inches 
shorter  than  its  fellow,  a  so-called  extension  shoe  fitted  to  the  foot  in  the  equinus 
attitude  may  be  employed. 

The  treatment  of  equino-varus  and  equino-valgus  deformity  is  conducted 
on  the  same  principle,  namely,  thoroughly  to  overcorrect  the  distortion  and 
to  hold  the  foot  by  means  of  a  plaster  bandage  in  this  attitude  until  the  parts 
have  become  accommodated  to  the  new  position.  Afterwaixl  a  lirace,  of  the 
nature  of  that  described,  is  to  be  used  to  support  the  foot.     If  varus  deformity 
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is  present  the  foot-plate  should  have  an  elevation  along  its  inner  border  corre- 
sponding to  the  thickness  of  the  foot,  against  which  the  foot  may  be  strapped. 
If,  on  the  other  hand,  the  inclination  is  toward  valgus,  the  elevation  may  be 


FlG.677. — Paralytic  Talipes  Calcaneus,  in  which  the  Secondary  Changes  are  Slight. 


Fig.  678. — Acquired  Talipes  Calcaneus,  Showing  the  Hypertrophy  of  the  Heel  and 
the  Secondary  Cavus. 

placed  on  the  outer  side.  The  leg  upright  passes  up  the  outer  side  of  the  leg, 
and  the  attitude  may  be  still  further  assured  by  a  wide  leather  band  passing 
from  the  sole-plate  over  the  arch  and  inner  side  of  the  ankle,  and  buckled  about 
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the  upriglit.  A  ^^hoe  is  then  fitted  to  tho  hracc,  its  inner  or  outer  border  thiel<- 
eiied  to  correspond  to  the  inclination  of  the  sole-plate,  according  as  the  deform- 
ity is  either  valgus  or  varus. 

OlJicr  Operative  Procedures;  Tendon  Traiisjildiilaliiiii  and  Arlhrode.sis. — If 
tlie  defoi'niity  is  ecjuino-valgus,  caused,  as  is  often  the  (-ase,  by  paralysis  of  the 
tibialis  anticus  muscle,  the  most  effective  treatment  is  the  oliliteration  of  the 
medio-tarsal  joint  with  the  aim  of  preventing  lateral  defoi-mity,  combined  with 
the  transplantation  of  the  extensor  proprius  hallucis  tendon  to  a  i)oint  where 
it  may  act  as  a  supinator  of  the  foot  rather  tlian  as  a  toe  muscle.  (Consult 
also  Dr.  Stewart's  article  in  Vol.  II. 

In  all  operations  of  this  class  the  Ilsmarch  bandage  is  of  ad\'antage.  As 
a  preliminary  measure,  restriction  to  normal  movement  is  overcome  by  forcible 
manipulation  coml)ined  usually  with  tenotomy  of  the  tendo  Achillis.  An  in- 
cision, beginning  above  the  ankle  joint  and  curving  .slightly  inward  to  a  point 
just  in  front  of  the  astragalo-navicular  articulation,  should  then  be  made  in  the 
line  of  the  tibialis  anticus  tendon.  This  joint  is  opened,  and  a  narrow  wedge  of 
bone  is  removetl  from  the  adjoining  bones.  The  tendon  of  Ww  iiropi-jus  hallucis 
is  drawn  upward  and  divided  at  a  point  about  an  inch  from  its  in.sertion.  A 
hole  is  then  made  through  the  inner  third  of  the  na\'icular  bj'  means  of  a  sharp 
trocar  ami  cannula,  and  the  tendon  is  drawn  through.  The  foot  is  then  forced 
into  an  attitude  of  calcaneo-varus,  the  wedged-shaped  opening  on  the  inner 
side  being  thus  made  to  close,  and  in  this  position  the  two  bones  are  united 

with  a  strong  silk  ligature.  The  hallucis  tendon  is 
then  drawn  dowii  until  it  is  tense,  and  it  is  sewed 
upon  itself  with  silk. 

In  most  instances  the  tendon  of  the  paralyzed 
tibialis  is  cut  or  shortened  or  overlapped  in  order  to 
serve  as  an  aid  in  retaining  the  foot  in  proper  posi- 
tion. The  wound  is  then  closed  with  two  layers  of 
fine  catgut,  and  a  plaster-of-Paris  bandage  is  applied, 
which  should  be  worn  preferably  for  several  months, 
Fig.  679.— Judson's  Brace     and  Until  the  jjarts  have  become  thoroughly  consoli- 

Applied     for    Talipes    Galea-         i    i.     i   •       i  i 

jjpyg  dated  m  the  new  position. 

If  care  is  exercised  that  the  range  of  dorsal  fle.xion 
shall  not  become  limited,  braces  may  usually  be  dispensed  with.  Thickening 
the  inner  border  of  the  shoe,  and  the  use  of  a  flat-foot  brace  are,  of  course, 
indicated  if  any  tendency  toward  valgus  persists. 

On  the  other  hand,  in  cases  of  ecjuino- varus,  due  to  paralysis  of  one  or  more 
of  the  abductor  group,  after  the  i^rehminary  stretching  that  has  been  described, 
an  incision  beginning  about  two  inches  above  the  joint  and  curving  downward 
and  outward  to  the  calcaneo-cuboid  junction,  is  made  on  the  front  of  the  ankle. 
A  thin    wedge   of   bone,  including   the  outer   half  of   the   astragalo-na\'icular 
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articulation  and  the  calcaneo-cuboid  junction,  is  luade  of  such  dimensions 
that,  when  the  gap  is  closed,  tlie  foot  will  be  held  in  moderate  varus.  The  hal- 
lucis  tendon  is  next  separated  near  the  metatarso-i^halangeal  joint  by  means  of 
an  incision  at  this  point,  is  carried  across  the  foot  beneath  the  other  tendons,  and 
is  drawii  through  a  hole  Iiored  in  the  cuboid  bone  or  attached  securely  to  the 
periosteum.  If,  as  in  certain  instances,  the  paralysis  of  the  abductors  is 
so  extensive  that  the  power  of  the  tibialis  antieus  nmscle  is  eviilently  too 
great,  or  if  the  muscle  alone  remains  active,  its  tendon  is  split  to  include  the 
muscular  Ix'lh',  and  the.  outer  half  is  carried  across  the  foot  to  be  attached  to 


Fig.  GSO. — The  Plaster  Bandage  mth  Cork  .Sole  Used  in  the  same  Case  (Fig.  678)  to  Maintain  the 
Foot  iu  tlie  Proper  Attitude  during  the  Period  of  Repair.     (Original.) 


the  same  point.  In  most  instances  the  insertion  into  the  bone  must  be  made 
by  elongating  the  splice  somewhat  by  a  cord  of  strong  silk,  the  tendon  itself 
being  securely  sewed  to  the  periosteum  in  the  neighborhood. 

Arthrodesis. — The  principal  disability  incidental  to  paralysis  of  the  anterior  leg 
group  of  muscles  is  due  to  a  dropping  of  the  foot,  so  that  an  exaggerated  lifting 
of  the  knee  is  necessary  for  locomotion.  In  certain  cases,  particularly  in  those 
in  which  the  paralysis  is  complete,  the  operation  of  arthrodesis  may  be  indi- 
cated, the  object  l)eing  to  fix  the  foot  at  a  right  angle  with  the  leg.  For  this 
purpose,  at  least  in  childhood,  the  obliteration  of  the  medio-tarsal  joint,  us 
well  as  the  ankle  joint,  is  necessary. 

An  Esmarch  bandage  having  been  applied,  an  incision,  beginning  an  inch 
above  the  centre  of  the  ankle  joint,  is  extended  downward  on  the  dorsum  of 
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the  foot  to  about  the  middle  of  the  tarsus.  The  tissues  are  retracted  and  the 
foot  is  phuitar-ficxed  to  the  full  limit,  e.xposing  the  greater  part  of  tiie  astraga- 
lus. From  the  top  and  sides  of  the  bone  the  cartilage  is  removed  u-ith  a  sharp 
narrow  knife,  and  sufficient  space  is  thus  gained  to  permit  the  removal  of  the 
greater  part  of  the  cartilage  from  the  malleoli  and  from  the  upper  surface  of 
the  joint.  A  thin  wedge  of  bone,  including  the  astragalo-navicular  and  the 
upper  part  of  the  calcaneo-cuboid  articulation,  is  cut  with  a  thin  chisel.  Then 
the  foot  is  pushed  upward  against  the  resistance  of  the  tendo  Achillis  and  the 
cut  surfaces  are  forced  into  apposition.  The  wound  is  then  closed  and  a  plaster- 
of-Paris  bandage  is  apj^lied.  The  limb  should  be  kept  elevated  for  twenty- 
foiu-  hours  to  prevent  oozing.  As  soon  as  the  sensitiveness  has  subsided,  the 
patient  is  encouraged  to  use  the  foot.  Protection,  either  by  a  plaster  bandage 
or  by  a  suitable  brace,  should  he  assured  for  a  period  of  six  months  oi-  longer, 
in  order  to  permit  consolidation. 

This  operation  is  of  particular  value  in  cases  of  extensive  paralysis  of  the 
limb,  for,  if  deformity  of  the  foot  can  be  prevented,  the  appliance  may  be  so 
constructed  as  to  be  less  burdensome  and  more  comfortable. 

Acquired  Talipes  Calcaneus. — Calcaneus  deformity  follows  paralysis  or  loss 
of  function  <if  the  calf  muscle.  As  a  result  the  os  calcis,  deprived  of  its  sup- 
poj-t,  tends  to  assume  a  vertical  rather  than  a  horizontal  dii-ection;  thus  the 
projection  of  the  heel  is  lost,  the  foot  is  shortened,  and  the  arch  is  increased 
in  depth. 

Calcaneus  is  usually  a  paralytic  deformity.  If  the  calf  muscle  alone  is  para- 
lyzed, the  other  muscles  offset  the  action  of  the  dorsiflexors,  but,  as  at  the 
same  time  they  draw  upon  the  forefoot,  they  induce  or  exaggerate  the  second- 
ary cavus.  If  the  adductors  or  abductors  on  the  front  or  back  are  paralyzed 
in  addition,  the  deformity  becomes  calcaneus  varus  or  valgus. 

The  typical  deformity  caused  by  the  loss  of  the  calf  muscles  does  not  appear 
imtil  the  pai't  is  subjected  to  functional  use.  As  the  propelling  power  is  lost, 
the  patient  is,  as  it  were,  hamstrmig,  and  he  stamps  about  on  the  insecure 
heel  with  a  peculiarly  awkward  and  characteristic  gait.  The  distance  from 
the  bearing  sui-face  of  the  sole  to  the  malleoli  is  consideralily  increased.  The 
area  of  the  heel,  which  alone  supports  weight,  is  greatly  exaggerated, 
while  the  growth  of  the  remainder  of  the  foot,  which  serves  merely  as  an  ap- 
pendage, is  markedly  checked.  Thus,  in  well-developed  cases  the  dispropor- 
tion in  the  size  of  the  feet,  due  in  great  part  to  loss  of  function,  is  more  notice- 
able than  in  any  other  form  of  accjuired  talipes. 

One  may  recognize,  then,  two  types  of  talipes  calcaneus :  One — as,  for  ex- 
ample, soon  after  tiie  onset  of  the  paralysis — similar  to  the  congenital  form,  in 
which  there  is  but  little  deformity  except  that  due  to  the  Umitation  of  plantar 
fle.xion  (simple  calcaneus — Fig.  677);  and  a  second  cla.ss  in  which  the  second- 
ary deformity  has  been  induced  by  functional  use  (calcaneo-cavus — Fig.  678). 
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Treatment. — The  development  of  the  characteristic  deformity  is  explained 
by  the  failure  to  protect  the  weakened  meml^er.  Preventive  brace  treatment  is, 
therefore,  very  important.  Such  a  brace  is  practically  an  upright  bar  with  a  calf 
band  and  well-padded  strap  to  pass  across  the  upper  third  of  the  tibia,  together 
with  a  strong  steel  foot-plate,  long  enough  to  reach  to  the  metatarso-phalangeal 
joints,  firmh'  riveted  to  the  upright  at  a  do\\invard  inclination  so  that  the  foot 
may  be  held  in  sUght  equinus.  If  the  foot  is  inclined  to  one  or  the  other  side 
an  internal  flange  on  the  foot-plate,  as  described  under  Equinus,  is  of  advantage. 
The  brace  is  placed  inside  the  shoe,  the  heel  of  which  is  accommodated  to  the 
equinus;  straps  may  be  used,  if  necessaiy,  to  hold  the  foot  firmly  against  the 
brace.  Tliis  brace  supplies  the  resistance  necessary  in  walking,  and  with  its 
.aid  the  disability  may  be  hardly  noticeable.     (Fig.  679.) 

Correction  of  Deformity. — The  correction  of  the  secondary  cavus  is  difficult 
because  of  the  absence  of  resistance  in  the  posterior  tissues.  The  ordinary 
operation  is  to  di^^de  the  plantar  fascia  with  a  tenotome,  and  then  forciljly 
to  reduce  the  deformity,  as  far  as  may  be,  with  a  wench  or  osteoclast,  after 
■which  a  plaster-of-Paris  bandage  is  applied. 

Tendon  Shortening. — If,  as  in  the  milder  cases,  the  deformity  is  pure  cal- 
caneus, and  if  a  certain  degree  of  power  remains  in  the  calf  muscle,  shorten- 
ing the  tendo  Achilhs  may  be  of  value.  A  straight  incision  is  made  over  the 
tendon.  This  is  freed,  divided  in  a  diagonal  direction,  overlapped  to  a  degree 
.sufficient  to  hold  the  foot  in  moderate  equinus,  and  sewed  firmly  mth  silk.  The 
wound  is  closed  and  a  plaster-of-Paris  bandage  is  applied.  This,  or  a  protec- 
tive brace,  must  be  worn  indefinitely,  provided  the  nmscle  does  not  gain  suf- 
ficiently to  perform  its  function.  Even  if  but  little  power  remains  it  may  be 
isufficient  to  hold  the  os  calcis  in  position  and  thus  prevent  the  secondary  cavus. 

Tendon  Transplmitation. — In  cases  of  the  milder  type,  and  for  the  purpose 
of  pro\iding  sufficient  power  to  prevent  the  development  of  deformity,  tendon 
transi)lantation  may  be  employed.  If,  for  example,  tl\e  foot  is  inclined  toward 
varus  one  may  lessen  the  tendency  toward  adduction  by  transplanting  the 
tibiahs  posticus  tendon ;  or,  if  it  is  inclined  toward  valgus,  one  or  both  of  the 
peroneal  tendons  may  be  used.  If  no  lateral  deformity  is  present,  one  or  more 
of  the  tendons  from  both  sides  may  be  transplanted. 

The  operation  is  essentially  simple.  A  long  incision  is  made  over  or  on  one 
or  the  other  side  of  the  tendo  Achillis :  the  tendons  behind  the  inner  or  outer 
malleolus  are  thoroughly  freed  from  their  sheaths,  divided  and  passed  through 
the  periosteal  insertion  of  the  tendo  Achillis,  dravra  to  the  proper  degree  of 
tension,  and  sewed  firmly  with  silk,  or  jireferably  a  hole  may  be  made  in  the 
OS  calcis  below  the  insertion,  and  through  this  hole  the  tendon  may  be  passed. 
The  tendo  Achilhs  is  then  shortened  and  the  wound  is  closed.  A  protective 
brace  must  be  worn  indefinitely. 

Arthrodesis.— When  the  movement  of  a  joint  cannot  be  controlled,  arthro- 
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rlesis  may  lie  indicalcd.  Tliis  oijcration  is  of  particular  value  when  the  second- 
ary deformity  of  tlie  foot  is  slight.  The  ankle  joint  may  be  opened  from  the 
front,  l)ack,  (irside.  Opening  it  from  the  back  has  the  advantage  that  it-  permits 
shorleniuii;  (if  the  tendn  Achillis.  Tlie  most  thorough  operation  is  the  lateral. 
A  curved  incision  is  made  beneath  the  external  malleolus  and,  the  ligaments 
having  been  divided,  the  foot  is  foicibly  dislocated  inward,  the  joint  thus  being 
thoroughly  exposed.  The  cartilage  having  been  removed,  the  foot  is  restored 
to  its  normal  position  and  the  wound  is  closed. 

After  the  opei-ation  of  arthrodesis,  the  foot  should  be  supported  for  a  long 
time,  for  in  childhood  the  l)ones  are  in  great  part  cartilaginous,  and  firm  anky- 


FiG.  681. — An  J-ray  Picture  of  the  Case  represented  iu  Fig.  678,  showing  the  Relations  of  the 
Bones  of  the  Leg  to  those  of  the  Tarsus  After  the  Operation,  also  the  Contour  of  the  Foot.  (See  Fig. 
682.)      (Original.) 

losis  is  very  difficult  to  attain,  at  least  firm  enough  to  withstand  the  adverse 
leverage  that  falls  upon  the  foot. 

Operations  for  Advanced  Deformity  ;  The  Antlior's  Operation. — If  the  sec- 
ondary deformit}'  of  cavus  is  Well  marked,  if,  in  other  words,  the  os  calcis  has 
assumed  the  vertical  position,  the  deformity  being  of  the  character  of  the  Chi- 
nese foot,  and  particularh^  if  it  is  inclined  laterally,  a  more  radical  operation  is. 
intlicated. 

The  first  step  is  the  remo\-al  of  the  astragalus  because  the  uncontrolled 
movement  above  and  below  it  is  the  jwincijial  cause  of  the  insecurity  of  the  gait. 
A  long  curved  incision  is  made  from  a  jioint  just  anterior  to  the  tendo  Achillis^ 
below  the  outer  malleolus,  to  the  front  of  the  joint.  The  sheaths  of  the  peronei 
tendons  are  exposed,  and  the  two  tendons,  ha\'ing  been  thoroughly  freed  from; 
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their  sheaths,  are  divided  as  far  forward  as  possible  and  aie  leti-acted.  The 
lateral  ligaments  are  then  severed,  and  the  foot  is  forcibly  displaced  imvard; 
when  the  attachments  about  the  head  and  body  of  the  astragalus  are  cut  it 
may  be  easily  removed.  A  thin  section  of  bone  is  i-emoved  from  the  outer 
aspect  of  the  adjoining  os  calcis  and  culioid  l}()nes,  and  on  tlie  inner  side  the 
calcaneo-navicular  ligament  is  sejiarated  from  the  navicular  to  provide  space 
for  the  mternal  malleolus.  The  cartilage  is  then  removed  from  the  malleoli,  and 
they  are  reshaped,  if  necessary,  to  adjust  them  to  their  new  positions.  The 
peronei  tendons,  ]iro\ided  the  muscles  are  active,  are  attached  to  the  insertion 
of  the  tendo  Achillis  or  passed  through  a 
hole  bored  in  the  os  calcis,  and  are  made 
fast  with  strong  sutures.  This  part  of  the 
operation  is  of  particular  value  wiien  valgus 
deformity  is  present.  The  entire  foot  is 
then  disjjlaced  backward,  so  that  the  de- 
nuded malleoli  overlap — on  the  outer  .side 
the  calcaneo-cuhoid  junction,  and  on  the 
inner  the  posterior  border  of  the  navicular. 
This  displacement  restores  the  projection 
of  the  heel  and  increases  the  stability  of 
the  foot,  by  preventing  lateral  distortion 
and  Ijy  lessening  the  atlverse  leverage. 
The  wound  is  then  closed  without  dram- 
age,  and  the  foot  is  fixed  in  moderate 
equinus  by  a  i)Iaster  bandage.  Tliis  or 
a  Iji'ace  should  lie  worn  for  many  months. 
By   this  operation    the   symmetry   of    the 

foot    is    restored    and    its    stability  is   so    in-  Fig- 6S2 -illustrating  tl>e  Appearance  of 

the  Foot  after  tlie  Authors  Operation  for 

creased  that  in  many  instances  apparatus    Talipes  Caicaneo-vaigus. 
may  be  dispensed   with.     If   the  anterior 

muscles  are  of  undiminished  power,  it  may  be  achisable  to  lessen  their  strength. 
For  example,  the  tendon  of  the  tibialis  anticus  may  be  transplanted  to  the  os 
calcis  just  in  front  of  the  malleolus,  so  that  it  would  be  comparatively  ineffi- 
cient as  a  dorsal  flexor. 

It  may  be  noted  that  tendon  transplantation  is  a  suboi-dinate  part  of  the 
operation,  for  it  must  be  apparent  that  no  combination  of  weak  muscles  can 
replace  the  calf  muscle,  which  is  at  least  six  times  as  powerful  as  all  the  others 
combined.  The  removal  of  the  cartilage  probably  adds  somewhat  to  the  sta- 
bility of  the  foot  after  this  operation,  but  it  does  not  cause  ankylo.sis. 

^\Tien  the  brace  is  discardetl,  a  strong  shoe  proinded  with  a  wedge  of  cork  as 
an  inner  sole  will  .'juiijiort  the  foot  in  moderate  equinus  and  compensate  some- 
what for  the  shortened  limb,  which,  in  cases  of  this  class,  is  usually  con.siderable. 
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Talipes  Valgus. — In  rare  instances  the  tibialis  posticus  muscle  is  alone 
paralyzed,  and,  as  a  result,  the  foot  as  a  whole  assumes  the  position  of  valgus. 
In  such  cases  the  principal  antagonist,  the  peroneus  brevis,  may  be  utilized  to 
replace  it. 

This  will  necessitate  several  incisions:  one  about  an  inch  above  the  pos- 
terior aspect  of  the  external  malleolus,  to  isolate  the  muscle ;  a  second  at  the 
insertion  of  the  tendon  at  the  cuboid  bone  in  order  to  divide  it.  The  tendon 
is  tlicn  drawn  backward  and,  thoroughly  separated  from  its  sheath,  is  passed 
beneath  the  tendo  Achillis.  A  third  incision  behind  the  internal  malleolus 
exposes  the  tibialis  posticus  tendon  to  which  the  grafted  tendon  is  securely 
sewed  with  silk  at  sufficient  tension  to  hold  the  foot  in  slight  adduction.  It 
is  advisable  to  elongate  the  pergneus  tendon  with  a  strong  band  of  silk  and  to 
attach  it  to  the  internal  border  of  the  navicular  also.  This  will  necessitate  a 
fourth  opening. 

A  less  complicated  but  less  satisfactory  procedure  is  to  separate  a  narrow 
section  from  the  internal  border  of  the  tendo  Achillis,  including  a  portion  of 
the  muscle,  and  to  attach  this  in  the  same  manner  as  described.  It  is  less  satis- 
factory, because  it  does  not  remove  at  the  same  time  an  opposing  force. 

The  wounds  are  then  closed  and  the  foot  is  fixed  in  an  attitude  of  slight 
varus  for  several  months.  In  many  instances  a  flat-foot  brace  may  be  neces- 
sary to  prevent  recuri-ence  of  deformity. 


TUBERCULOUS  DISEASE  OF  THE  SPINAL  COLUMN, 
AND  THE  DEFORMITIES  RESULTING  THEREFROM. 


By  CLARENCE  L.  STARR,  M.D.,  Toronto,  Canada. 

Nomenclature. — In  the  English  language  tuberculous  disease  of  the  spine 
is  variously  known  as  Pott's  tliseasc,  caries  of  the  spine,  kyphosis,  antero- 
posterior curvature,  and  angidar  curvature. 

In  the  French  it  is  called  mal  de  Poll,  mal  vertebral,  gibhosite,  or  kyphose. 

In  the  German  it  is  designated  Spi7i'6ucA'e/,  angidcire  RuckgratsverkruDiDmng, 
or  Knii-kuiig  tier  Wirhelmtde. 

Historical  Sketch. — Antoro-postcrior  curvature  is  known  to  have  ex- 
isted on  this  continent  in  prehistoric  times,  as  is  shown  by  a  specimen  of 
Indian  remains  in  tlie  Pcabody  Museum,  Cambridge,  Mass.  That  it  was  known 
to  the  ancients  is  undoubted,  and  Hippocrates  described  the  condition  and 
recognized  that  a  relation  existed  between  this  and  various  lung  affections. 
In  the  commencement  of  the  eleventh  century  Avicenna  mentions  the  condition, 
and  in  1585  it  is  more  freely  described  by  Ambroise  Pare. 

It  was  not,  however,  until  1779  that  the  knowledge  of  this  disease  was 
materially  advanced.  Percival  Pott,  of  St.  Bartholomew's  Hospital,  London, 
after  a  careful  study  of  the  disease,  gave  an  accurate  description  of  the  patho- 
logical condition  which  existed,  and  described  it  as  a  caries  of  the  spine. 

No  further  advance  was  made  until  Delpechand  Nelaton  in  18.30  recognized 
the  disease  as  a  tidserculous  condition  and  itlentical  with  that  existing  in  the 
lungs.  There  was  apparently  a  difficulty  in  defining  clearly  what  tubercle 
really  was,  but  a  satisfactory  conclusion  was  arrived  at  by  Cohnheim,  who  de- 
scribed as  tuberculous  only  those  conditions  which  when  inoculated  into  properly 
constituted  animals  produced  tuberculosis.  This  view  was  accepted  by  Mr- 
chow,  Rokitansk}',  and  others. 

Koester  in  1869  made  another  step  in  advance  when  he  described  the  histo- 
logical structure  of  a  tubercle  as  made  u[)  of  a  giant  cell,  with  nuclei  at  one  end, 
this  being  surrounded  b)'  lymphoid  cells. 

It  was  not,  however,  until  1882,  when  Koch  gave  his  discovery  to  the  world, 
that  the  tubercle  bacillus  was  known  to  be  the  specific  cause  of  the  tubercle, 
and  then  the  last  link  was  added  to  the  chain. 

Anatomical   Considerations. — The  vertebral   column  is  a   flexible   column 

forming  the  central  axis  of  the  body  and  is  situated  in  the  median  line  of  the 
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trunk  ill  its  posterior  aspect.  At  its  ui)i)er  end  it  sujiports  tiic  liciul,  in 
the  niidille  portion  it  has  attached  the  ril)s,  throu<;h  whicli  it  earries  the 
weight  of  tlie  ii]ip(T  cxtreniities,  and  at  tlie  lnwer  end,  throu.tih  t!ie  samini,  it 
transmits  tlie  weif;ht  ol'  the  trunk  lo  the  lower  extremities.     Thus  it  is  seen  that 

if  trauma  may  have  a  part  in  tlie  causation  of 
tubercidoiis  (hseases  of  bones  and  ioiiits,  the 
disease  of  the  siiine  should  inci-ease  in  freciuency 
from  above  downward,  as  the  weif^ht  trauma  on 
the  spine  is  obviously  increased  from  above 
downward. 

The  syiine  is  not  a  straight  rod,  liut  is  made 
u]),  as  w  hen  seen  in  |)rofile,  of  a  series  of  curves. 
(Fig.  6S3.)  This  naturally  adds  to  its  elasticity, 
l:>ut  increases  the  difficulty  of  weight-bearing. 
The  two  primaiy  or  intra-uterinc  curves  are  the 
dorsal,  and  the  peK'ic  or  sacral  curves,  corre- 
sponding to  the  two  cavities  of  the  body,  the 
thorax  and  the  pelvis.  These  backward  curva- 
tures go  to  the  making  up  of  an  increased  ca- 
l)acity  in  these  two  cavities. 

The  secondary  curves  with  the  convexity 
forward  are  the  cervical  and  the  lumbar  ones. 
These  are  undoubtedly  compensatory  in  char- 
acter and  go  to  establish  the  eciuilibrium  or 
proper  jxiise  of  the  body.  They  appear  during 
the  first  year  of  life,  the  lumbar  a  permanent 
curve,  the  cervical  a  curvature  which  is  obliter- 
ated by  the  dropping  of  the  chin  on  the  chest. 
These  curvatures  arc  made  up  not  so  much  by  a 
wedge  shape  of  the  bodies  of  the  individual  ver- 
tebrae (Fig.  684)  as  )\y  variation  in  thickness  of 
the  intervertebral  discs  (Fig.  685).  This  allows 
the  weight  to  be  transmitted  evenly  from  body 
to  body  through  the  entire  column. 

The  study  of  these  curves  is  of  importance 
in  determining  what  happens  during  recum- 
liency.  In  a  normal  individual,  if  supine  on  a 
flat,  unyielding  surface,  the  backwanl  curvature 
of  the  dorsal  spine  should  prevent  any  pressure  on  the  bodies  of  the  \ertebra',  and 
if  the  spine  be  hyperextended  there  should  be  produced  a  decided  tendency  to 
separation  of  the  individual  bodies.  This  shows  the  method  of  safeguarding  the 
bodies  of  the  spine  which  are  carious  and  on  the  verge  of  collapsing  from  pressure. 


2st  lumbar. 


Fig.  683. — Normal  Spine.     Showing 
physiological  curves.      (Morris.) 
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The  bodies  of  the  hi(hvi(Uial  vertebra?  are  largely  made  up  of  cancellous 
tissue  with  a  very  thin  layer  of  compact  tissue  all  around  it.  The  cancellous 
tissue  is  arranged  with  stria-,  in  a  sj-steniatic  fashion,  the  striations  running,  as 
can  be  seen  on  vertical  section  (P'ig.  686),  from  above  downward  in  a  more  or  less 
curved  manner,  with  the  concavity  toward  the 
centre.  The  fibres  running  horizontally  are  also 
evenly  arranged,  the  striations  being  slightly 
curved,  with  the  convexity  toward  the  centre. 
(Fig.  687.)  This  cancellous  structure,  together 
with  the  greater  blood  supply,  determines  the 
commencement  of  tuberculous  disease  in  the 
botlies  rather  than  in  the  arches  of  the  ver- 
tebra;; these  latter  being  made  up  almost  en- 
tirely of  compact  tissue  and  with  a  relatively 
smaller  lilood  suplpy. 

Pathology. — Gross  Appe.\r.\ncp:. — The  en- 
trance of  the  tubercle  bacillus  into  the  body 
of  the  vertebra  is  the  commencement  of  a 
rarefying  or  degenerative  osteitis  which  is  ex- 
actly similar  to  that  in  the  epiphyseal  ends  of 
long  bones.  The  disease  is  almost  wholly  con- 
fined to  the  bodies  or  cancellous  tissue,  partly 
owing  to  the  greater  blood  supply  to  this  part, 
and  partly  to  the  lessened  resisting  [lower. 
This  disease  appears  much  more  freiiuently  in 
children  than  in  adults,  and  is  midoubtedly 
due  to  the  same  cause,  viz.,  the  greater  blood 
supply  to  the  growing  bone  and  the  lessened 
resisting  power  as  compared  with  the  bone 
of  the  adult.  The  lamina',  and  the  articular, 
transverse,  or  spinous  processes,  are  rarely 
affected  either  primarily  or  secondarily. 

The  conunencing  osteitis  appears  to  the 
naked  eye  as  a  hyperEemic  spot  in  the  spongy 
bone,  usually  near  its  anterior  surface.  This 
reddened  spot  gradually  increases  in  size,  and, 
as  in  the  ordinary  process  of  inflammation,  the  blood  supply  to  its  centre  is 
cut  off  by  the  leucocytes  blocking  the  arterioles,  resulting  in  a  necrosis  of  the 
central  area.  The  central  necrotic  spot  appears  opaque  and  gradually  dis- 
integrates, forming  the  caseous  focus  so  characteristic  of  tuberculous  osteitis. 

With  the  caseation  and  breaking  down  of  the  central  area  the  whole  picture 

of  a  tuberculous  focus  is  complete:    The  central  caseous  cavity  contains  some 
VOL.  IV. — 59 


Fig.  ()N4. — t'Tozen  Section.  Show- 
ing varying  thickness  of  interverte- 
bral  discs.     (Starr.) 
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liriuid,  the  result  of  chemical  chiinges  produced  by  the  toxins;  then  the  caseous 
bony  detritus,  mixed  with  dead  leucocytes,  makes  up  the  contents  of  a  bone 
abscess  (Fig.  688);  this  abscess  cavity  is  lined  with  a  layer  of  granulation  tissue 
which  is  a  protection  layer  to  a  greater  or  less  extent;  and  finally  there  is  a  zone 
of  simple  inflammatory  i)roducts— thus  making  up  the  complete  pathological 
condition.  The  tuberculous  material  may  be  absorbed  or  encapsvdated  at  this 
stage  and  the  cUsease  become  quiescent  or  cured,  but,  as  much  more  frecjuently 
happens,  it  increases  in  extent  uiilil  the  whole  ])udy  of  the  bone  is  involved  and 
collapses  under  the  suiierincumijent  weight  above  the  diseased  i>()int.    (Fig.  689.) 


Ligamenluiii  loDKitudinalo  posterius        ;' 


Ligamentuni  flavum 


Li^aiuentum  iulcrspinale 

/  Processus  spiuosus 


Nucleus  pulposu'i  ^ 


Fibrocartiiago 
inlervertebialis 


^^s^ 


Ligamentum 
siipraspinale 


Ligamentum  su(praspiuale 
Fig.  685. — Section  of  Normal  Spine.      Showing  wedge  shape  of  discs.     (Spalteholz.) 


This  crushing  in  of  the  vertebral  body  tijis  the  trunk  forward,  and  at  the  same  time 
crowds  the  spinous  process  backward,  producing  the  sharp  angular  projection 
seen  in  the  carty  stages.  The  intervertebral  discs  act  as  a  check  to  the  disease 
to  a  certain  extent,  but  they  soon  give  way  to  the  activity  of  the  jirocess  and 
become  fibrillated,  disintegrate,  and  disappear.  The  two  bodies  next  in  contact 
ai'e  invaded,  caseate,  and  give  way,  and  the  angular  projection  is  increased  to 
three  spines  instead  of  one.  Thus  the  disease  may  extend  through  a  series  of 
vertebrse,  sometimes  as  many  as  twelve  being  diseased,  with  enormous  deform- 
ity of  the  spine  and  thorax  resulting. 

If  the  disease,  instead  of  commencing  as  a  focus  in  the  anterior  portion 
of  the  body,  commences  in  the  lateral  portion  of  that  body,  it  is  obvious  that 
the  body  will   crush   in  at  the  side,  and  a  scoliosis  or  lateral  deviation  may 
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result,  with  little  or  no  backward  displacement  at  the  start.  This  is  to  be 
borne  in  mind  in  making  a  diagnosis,  as  it  would  lie  a  calamity  to  treat  such 
a  case  as  one  of  ordinary  scoliosis. 

The  caseation  of  the  bodies  results  usually  in  an  alisccss  which  soon  escapes 
by  crowding  for^^•ar^l  the  prevertebral   ligaments,  and  forms  a  pouch  beyond 

Above 


Right 


Left 


Below 
Fig.  686. — Vertical  Section  of  Body  of  Vertebra.     (Spalteholz.) 

the  confines  of  the  bony  structure.  The  ultimate  comlition,  in  cases  which 
are  arrested  or  curctl,  is  one  of  fusion  of  the  Isodics  which  have  been  crushed 
together,  resulting  in  ankjdosis,  partially  fibrous   ami   i)artially   bony.     That 

In  front 


Left 


Right 


Behind 
Fig.  687. — Horizontal  Section  of  Vertebral  Body.     (Spalteholz.) 

a   complete,  bony  ankylosis  does  occur  is  shown  in  some  museum  specimens. 
(Fig.  690.) 

HiSTOLOGic.\L   Strvctire. — The  tubercle  bacillus  causes  certain  definite 
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histological  changes  to  take  place  in  the  tissues,  resulting  in  the  formation  of 
a  "tubercle."  In  the  centre  of  this  tubercle  is  situated  a  giant  cell  with  its 
multiple  nuclei.     These  luiclei  are  usually   arranged   in  a   cresccntic   manner 

abiiut  one  end  of  the  cell,  although  they 
may  occasionally  be  distributed  more  or 
less  iri-egularly  through  its  substance. 

Suri'ounding  the  giant  cell  is  a  layer 
of  "epithelioid"  cells,  so  called  from 
I  heir  t'onn.  These  are  larger  than  the 
leucocytes  and  make  up  the  bulk  of 
the  tul^ercle. 

Again,  on  the  outside  of  this  layer 
is  a  simjile  inflammatory  zone  of  small 
round  cells.  These  are  the  leucocytes. 
The  epithelioid  and  small  round  cells 
are  arranged  in  a  reticulum  which  is 
made  up,  according  to  some  observers, 
of  a  previously  existing  connective  tis- 
sue, into  which  the  cells  have  simply 
infiltrated  themselves.  Others  are  in- 
clined to  think  of  the  reticulum  as  made 
u\>  of  processes  of  the  epithelioid  cells. 
Th(>  reticulum  often  becomes  quite 
dense  at  the  periphery  of  the  tubercle, 
forming  a  sort  of  membrane  around  it. 
A  few  tubercle  bacilli  are  found  in  the 
giant  cells  and  in  the  epithelioid  cells, 
but  none  in  the  inflammatory  or  leu- 
cocyte zone.  The  paucity  of  bacilli 
demonstrable  in  these  tubercles  is  some- 
times thought  to  lie  due  to  a  peculiarity  of  the  bacillus  in  bony  tissue,  and  to 
a  difference  in  the  way  it  takes  the  stain.  The  vascular  supply  is  very  poor, 
if  indeed  there  can  be  said  to  be  any  at  all.  As  a  consequence  there  is  a 
constant  tendency  to  fatty  degeneration  and  caseation  in  the  tubercle.  This 
is,  of  course,  very  nuich  more  marketl  when  a  coalescence  of  a  number  of  tu- 
bercles has  taken  place.  The  blood  sui)])ly  to  the  central  ones  will  obviously 
be  cut  off,  and  the  caseation  or  necrosis  alreaily  spoken  of  will  more  readily 
take  place.  In  some  instances  lime  salts  are  deposited  fi'eely  in  the  degener- 
ating tubercles,  and  a  cure  by  calcification  takes  place. 

Compensatory  Lordosis. — With  the  giving  way  of  the  body  of  the  verte- 
bra, the  portion  of  the  trunk  above  the  diseased  part  \^'ill  bend  forward,  and  a 
stooped  attitude  will  result.     In  order  to  regain  the  ecjuilibrium  and  to  place 


Fig.   6SS. — Caseation  of  Body  of  Vertebra  wit  1 
Bone  Abscess.      (Joacliinisthal.) 
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the  head  o\qv  the  centre  of  gravity  a  backward  bending  of  the  upper  trunk 

must  take  place.     This  is  assisted  by  the  contraction  of  the  long  muscles  of 

the  spine  wluch,  acting  over  the  kyphus 

as  a  fulcrum,  tend  to  bow  backward 

the   upper   and    lower  segments.     The 

lordosis  takes  place  at  the  expense  of 

the  compression  and   expansion  of  the 

intervertebral  discs   and  stretcliing  of 

the  prevertebral  ligaments. 

Changes  ix  the  Thorax. — If  the 
disease  be  in  the  dorsal  region,  there  are 
marked  changes  in  the  thorax  varying 
with  the  location  of  the  disease.  With 
U])per  tlorsal  disease,  tlie  ribs  are  in- 
clined downrward  very  shari^Iy,  and  ap- 
proximated to  the  spine,  the  antero- 
posterior cUameter  of  the  thorax  being 
diminished.  (Fig.  691.)  With  a  kyphosis 
in  the  lower  dorsal  region,  and  a  conse- 
quent compensatory  lordosis  of  the  up- 
per dorsal  region,  the  reverse  i^icture 
will  be  presented.  (Fig.  692.)  The 
ril:)s  are  lifted  up  and  become  more 
nearly  horizontal.  The  antero-posterior 
diameter  of  the  thorax  is  exagger- 
ated, the  sternum  is  prominent,  and 
the  chest  is  constantly  in  the  posi- 
tion of  forced  inspii'ation ;  so  much 
so,  that  the  chest  mo^•em:'nts  of  respira- 
tion are  to  a  greater  or  less  extent 
abolished,  and  the  rcsjairatory  move- 
ments are  largely  carried  on  by  the  dia- 
phragm. 

Pelmc  Ch.\xges. — In  lower  lum- 
bar disease  or  chsease  of  the  lumbo- 
sacral junction,  the  angle  of  the  pelvis 
is  altered  so  that  the  symphysis  is 
brought  nearer  the  ensiform  cartilage; 
the  abdomen  is  shortened,  and  the 
abdominal  parietes  bulge  forward  to 
accommodate  the  contents.  The  pehds  assumes  the  kyphotic  shape,  the 
antero-posterior  diameter   being   usually  lengthened   and    the    transverse  di- 


FiG.  689. — Collapse  of  Vertebral  Body  Producing 
Knuckle  of  Deformity.     (Joachinisthal.) 


934 


AMERICAN  PRACTICE  OF  SURGERY. 


Tliis  niakos  aocouchcnient  very   difficult  in  the  kyphotic 


aiiietcr  shortcnci 
individual. 

Visceral  Changes. — The  dcfonnity  of  the 
secondary  changes  in  the  internal  organs.     Tin 


])inal  cohuim  pi'oduces  some 
lungs  and  heart  are  seldom 
affected,  except  as  to  position, 
even  in  severe  deformities.  The 
aorta,  being  attached  closely  to 
the  spine,  suffers  most,  and  in 
some  instances  the  kinking  of 
tliis  vessel  is  so  great  as  to  inter- 
fere \\ith  tlie  jjerfect  blood  sup- 
\)\y  to  the  lower  extremities. 
(Fig.  693.)  Owing  to  the  fact  t  iiat 
the  vena  cava  is  less  intimately 
attached  to  the  spine,  while  it  is 
frecjuently  altered  in  its  course, 
stenosis,  or  even  partial  obstruc- 
tion of  the  vessel,  rarely  occurs. 
The  esophagus  is  sometimes 
pouched  by  reason  of  the  deform- 
ity, and  occasionally  all  of  these 
structures  are  pushed  forward  by 
an  abscess.  Any  interference  \\"ith 
the  abdominal  organs  is  uncom- 
mon, although  rupture  of  an  ab- 
scess into  any  of  the  hollow  vis- 
cera may  occur,  as  instanced  l\y  the  case  of  a  child  in  the  Hospital  for  Sick 
Children,  Toronto,  in  which  a  psoas  abscess  ruptured  into  the  ciBcum,  with  only 
imperfect  drainage,  and  a  subsequent  operation  established  a  faecal  fistula. 

Spinal-Cokd  Changes. — The  tuberculous  process  in  the  vertebra  may  ex- 
tentl  backward,  through  the  posterior  ligament,  into  the  neural  canal,  and, 
by  invasion  of  the  cord  membranes  and  pressure  on  the  cord,  a  paraplegia 
may  result.  Bollinger  in  seven  hundred  cases  of  spinal  caries  found  forty- 
one  cases  of  paraplegia,  or  a  little  over  five  per  cent.  In  the  Hospital  for  Sick 
Children,  Toronto,  in  ninety  cases  there  were  seven  cases  of  paraplegia.  Taylor 
and  Myers,  in  some  two  thousand  cases  in  the  New  York  Orthopedic  Hospital, 
found  paraplegia  in  al)out  thirteen  por  cent.  This  is  undoubtedly  high,  and 
about  five  per  cent  would  represent  the  average  occurrence. 

The  paraplegia  is  due  in  nearly  all  cases  to  pressure  from  thickening  of  the 
membranes  and  rarely  to  diix'ct  bony  pressure,  for  even  in  cases  of  great 
deformity  there  is  no  marked  lessening  in  the  size  of  the  neural  canal.  Occa- 
sionally an  abscess  may  form  from  the  posterior  surface  of  the  body  of  the  ver- 
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-Severe    Deformity   with    Fusion  of   Several 
Vertebrae.     (Joachimsthal.) 
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tebra,  or  a  nodule  of  bone  or  sequestrum  may  be  extruded  into  the  canal  (Fig. 
694),  and  by  direct  pressure  cause  paresis.  The  common  cause,  liowever,  is  a 
slow  process  of  extension  of  the  disease  into  the  membranes,  producing  a  pachy- 
meningitis, and  tliis  increased  granulation  tissue  makes  direct  pressure  on  the 
cord.  The  pachymeningitis  may  produce  an  interference  with  the  blood  and 
lymph  channels  and  a  consequent  oedema  which  may  increase  the  pressure  on 
the  cord  structure. 

The  dura  mater  is  very  resistant  to  the  attack  of  tubercle  bacilli,  and  this, 
no  doubt  accounts  fur  the  fact  that  the  sjiinal  cord  is  rarely,  if  ever,  the  seat 
of  tuberculous  disease. 

The  constant  pressure  may  cause  an  atrophy  of  the  cortl  substance  and  an 
increase  of  the  interstitial  stroma,  leading  to  an  ascending  or  descending  de- 
generation, with  ultimately  more  or  less  perma- 
nent sclerosis.  The  recuperative  power  of  the 
cord,  however,  is  very  great,  and  restoration  may 
take  place,  even  after  some  years. 

Abscess. — In  possibly  fifteen  per  cent  of  all 
cases  of  tuberculous  disease  of  the  spine,  an  ab- 
scess results  which  can  be  demonstrated  clini- 
cally ;  while  post-mortem  examinations  show  a  very 
much  larger  percentage. 

The  abscess  of  tuberculous  disease  is  in  reaUty 
a  cyst,  starting  primarily  in  the  bone  and  formed 
by  the  coalescence  of  a  number  of  tubercles  which 
caseate  and  break  down,  as  previously  describeil. 
This  constitutes  the  so-called  "bone  abscess." 
The  abscess,  however,  rarely  limits  itself  to  the 
bone;  the  anterior  ligaments  of  the  spine  become 
infected,  and,  in  breal:ing  down,  they  allow  the 
escape  of  the  abscess  contents  into  the  soft  struc- 
tures ;  then,  following  the  line  of  least  resistance, 
the  abscess  enlarges,  in^'oh•ing  more  and  more 
of  the  soft  structures  in  the  infection  as  it  proceeds. 
That  the  abscess  of  tuberculous  disease  is  a  sterile 
one,  at  its  commencement  and  for  a  great  while 
afterward,  is  amply  proven  by  bacteriological  ex- 
amination. For  example,  it  has  been  our  custom  in 
the  orthopedic  ser\-iceof  the  Hospital  for  Sick  Chil- 
dren, Toronto,  to  make  an  examination,  by  smear  and  culture,  of  the  contents  of 
e\'ery  abscess  opened,  and  it  has  ne\n-  l)cen  found  yet  that  unopened  abscesses, 
imless  the  skin  is  invaded,  contain  any  other  organism  than  the  tubercle  bacillus. 
This  is  of  the  greatest  importance  in  considering  the  treatment  of  the  condition. 


Fig.  691.— Flattening  of  Thorax 
in    High    Dorsal    Disease.      (Von 

Hprgmann.) 
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Tlic  hIjsccss  foiitcnt  iw  made  up,  iu  uiklition,  of  a  li({ucfietl  jjortion,  due  ap- 
parently to  theeheniieal  aetion  of  the  toxins  of  the  tubercle  bacilli  on  the  tissues: 
floating  in  tliis,  is  a  mass  of  caseous  material  made  up  of  neci'otic  bone  or 
soft  tissue,  the  appearance  of  which  is  characteristic.  Around  this,  again,  is  a 
zone  of  granulation  tissue,  which  contains  the  active  tubercles.  It  is  in  this 
zone  that  the  disease  advances  to  other  structures:  and  the  constant  invasion 
and  l)reaking  down  of  ni'W  sti-uctures  result  in  new  drhii,^  l)cing  added  to 
the  abscess. 

The  outer  zone  of  tiie  altscess  is  a  simple  inflannnatory  layer  and  is  made  up 
of  leucocytes  and  epithelioid  cells.     This  is  to  a  certain  extent  a  protective 


Fig.  692. — Showing  Elevation  of  Ribs  in  Disease  of  tlie  Lower  Dorsal  or  Lumbar  Vertebra-.      (Von 

Bergmann.) 

layer,  antagonizing  the  advance  of  the  tuberculous  process.  The  abscess  at 
times  remains  quiescent,  or  is  partially  alisorbed.  and  thus  tends  to  spon- 
taneous cure;  on  the  other  hand,  it  much  more  frecjuently  tends  to  ach'ance 
toward  the  skin  surface  and  o])en  spontaneously.  This  soon  results  in  a  mixed 
infection,  and  such  infection  is  the  commencement  of  a  chain  of  symptoms, 
septic  in  character,  which  are  much  more  serious  than  the  original  condition. 

Etiology. — The  essential  cause  of  tuberculous  spondylitis  is,  of  course, 
the  tubercle  bacillus,  as  pointed  out  by  Koch.  It  finds  its  way  to  the  body 
of  the  vertebra  through  the  blood  stream.  Its  entrance  into  the  blood  stream 
is  nearly  always  through  some  primary  focus,  most  fre(juently  located  in  the 
cervical,  mediasthial,  bronchial,  retroperitoneal,  or  mesenteric  lymph  nodes. 
This  is  so  largely  the  case  that  one  may  almost  make  the  dogmatic  statement 
that  tuberculous  disease  of  bone  is  always  secondary  to  some  focus  elsewhere 
in  the  body. 
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The  autopsy  findings  of  some  of  the  German  surgical  chnics  have  shown 
that  a  large  proportion  of  patients  dying  of  various  diseases  give  evidences 
of  some  focus  of  tuberculosis.  This  has  given  rise  to  the  German  axiom, 
"Jedernmii  liat  cin  Iiischcu  Tuherculose."  As  pointed  out  Ijy  Still,  however, 
the  bacillus  may  tinil  direct  entrance  to  the  blood  stream  through  the 
intestinal  villi,  or  possibly  more  freciuently  through  the  crypts  of  the  tonsils. 
Occasionally  direct  infection  may  take  place  through  an  open  wound.  The 
statistics  of  A\'ullst('iii,  of  Halle,  as  to  the  relative  proportion  of  cases  of 
tuberculous  siiondj'litis  to  general  surgical  diseases  are  interesting  in  this 
connection. 

He  finds  in  100,000  surgical  cases  in  the  surgical  clinic  at  Halle  365  cases, 
or  0.36  i)er  cent,  of  tuberculous  tlisease  of  the  spine,  and,  collecting  the  statis- 
tics of  other  surgical  clinics,  he  finds  that  the  result  then  stands  as  follows: 

Surgical  Tubercu-       Pcr- 

Author.  Diseases.  losis  of         cent- 

Spine,  age. 

Beuthner 78,297  280  0.36 

Billroth 4,100  61  1.5 

Hoffa 67,919  142  0.21 

Lorenz 32,424  251  0.75 

Mohr 4„520  76  1.68 

WuUstein 100,000  365  0.365 

Total 287,260         1175         0.40 

Thus,  in  a  general  surgical  clinic  we  find  the  proportion  of  cases  of  spinal 
tuberculosis  relatively  large,  and  in  a  children's  .surgical  clinic,  such  as  is  found 
in  the  Hospital  for  Sick  Children,  Toronto,  the  i:>ercentage  is  much  larger, 
as  the  great  majority  of  these  spinal  lesions  occur  during  the  earlier  years  of 
life. 

Age. — Pott's  disease  may  occur  at  any  period  from  infancy  to  old  age. 
Several  children  under  two  years,  at  present  in  the  Toronto  hospital,  show  well- 
marked  tuljerculous  disease;  and  Thorndike  collected  115  cases  under  two  years 
of  age  from  the  records  of  the  Boston  Children's  Hosiiital.  The  great  bulk 
of  cases  occur  during  the  first  decade,  and  the  following  table  of  Wullstein. 
.shows  that  only  14.7  jjcr  cent  occur  after  the  twentieth  year: 


No. 

of 

cases. 

TEARS. 

1-5 

6-10 

1-10 

11-1.5 

16-20 

11-20 

1-20 

20-30 

30-50 

Over 
50 

Drachmann . 

Mohr 

Vulpius 

Wullstein  ... 

161 
73 
96 

365 

66  =  41? 
21  =  29? 
44  =  46S 
144  =  39  3 

.58=36? 
16  =  22? 
2.5=26? 
83  =  22? 

124  =  77? 

37  =  ,51? 

69=72? 
227  =  62? 

22-1.3? 

16=32? 

8=  8? 

39=10? 

8=  5? 
12=16.7? 

4=  4? 
27=  7,4 

30=18  7 
28=38.7 
12=12? 
66=18? 

154  =  95  7 
65-89  7 
81  =  84? 

293  =  80.3 

7=4.3? 
5=7? 
7=7? 
35=9.6 

54=7.8 

2=2'8? 
6=6? 
24^6.6? 

32=4.6 

i=i'4? 

2=2.2? 
13=3.6? 

Total  

695 

275=39  6 

182  =  26  2 

457  =  65  8 

85=12  2 

51=  7.3 

136=19.5 

593=85.3 

16=2.3 

Sex. — There  seems  to  be  little  difference  in  tlu'  liability  of  the  two  sexes  to 
the  disease.  The  greater  possibility  of  trauma  in  the  male  is  offset  by  the  gener- 
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ally  weaker  resisting  force  in   the   female.     In  a   collection  of  6,951  cases  by 

Wullstciii    he  finds  3,704,  or  53.29  per  cent,  males,  and  3,247,  or  46.71  per 

cent,  females. 

Heredity. — The  ]>art  played  l)y  here(Hty  is  variously  estimated  by  different 

authors.     For  instance,  \\'aterman  and  Jaeger  found  a  hereditary  history  in 

about  10  per  cent  of  1,000  cases.  On  the  other 
hand,  Gibney,  in  185  cases,  found  a  pi'e\ious  his- 
tor}'  of  tuljerculosis  in  7()  per  cent.  In  a  series 
of  315  cases  of  general  bone  tuberculosis  in  the 
Hospital  for  Sick  Children,  Toronto,  there  were 
131,  or  41  per  cent,  who  gave  a  distinct  history 
of  tuberculosis  somewhere  in  the  near  rela- 
tives, while  73,  or  23  per  cent,  had  tuberculous 
parents. 

From  these  various  statistics  one  may  infer 
that  a  large  percentage  of  children  are  directly 
infected  with  tuberculous  disease  from  parents. 
Some  have  handed  down  to  them  a  predisposition 
to  tuberculous  disease,  or  a  lessened  resistance  to 
the  invasion  of  the  tubercle  bacillus. 

Trauma. — Krause  has  demonstrated  experi- 
mentally that  by  wrenching  or  liruising  the 
joint  of  an  animal  previously  inoculated  with 
the  tubercle  bacillus,  the  tuberculous  disease 
\^ill  usually  apipear  at  the  injured  point.  In 
a  large  number  of  cases  of  disease  of  the  spine  a 
distinct  history  of  injury  is  to  be  obtained,  so 
one  concludes  that  the  localizing  cause  of  the 
disease  is  a  jar  or  twist,  together  with  the  super- 
incumljcnt  weight.  The  immediate  cause  is  the 
lowered  resistance  of  the  individual  who  is  thus 
unable  to  withstand  the  invasion  of  the  disease. 
Localization    of  Disease. — Any  of  the   vertebral    bodies    are   subject    to 

attack,  but  the  lower  dorsal  region  is  the  most  frequently,  and  the  cervical 

the  least  frequently  attacked. 

Thus  in  the  series  collected  by  Wullstein  there  were  3,481  cases :  of  these 

468,  or  13.4  per  cent,  were  in  the  cervical;  1,932,  or  55.5  per  cent,  were  in  the 

dorsal;  and  1,081,  or  31.1  per  cent,  were  in  the  lumbar  region. 

In  a  series  of  1,271  cases  from  the  Hospital  for  Rujitured  and  Crippled, 

New  York,  the  location  was  as  follows:  Cervical  100,  dorsal  854,  lumbar  317. 

The  fact  that  there  are  more  vertebrre  in  the  dorsal  than  in  either  the  cervical  or 

lumbar  region,  would  naturally  account  for  a  greater  number  of  cases  in  this 


? 


Fig.  693.— Distortion  of  the 
Aorta  from  Crushing  Down  of  Ver- 
tebra?.     (Bradford  and  Lovett.) 
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region.  The  greater  amount  of  cancellous  tissue  in  the  lower  than  in  the 
ujiper  spine  would  lead  one  to  expect  more  cases  in  the  lower  region.  The 
greatest  factor,  however,  is  the  possible  traumatism,  as  one  finds  the  greatest 
number  of  cases  at  the  hinge  regions,  the  region  from  the  tenth  dorsal  to  the 
first  lumbar  being  much  more  frccjiicntly  attacked  than  any  other. 

Symptoms. — In  tuberculous  disease  of  joints,  irrespective  of  location, 
muscular  spasm,  producing  limitation  of  motion,  is  the  characteristic  and 
earliest  symptom.  Pott's  dis- 
ease is  no  exception  to  this  rule. 
The  deformity  is  the  most  prom- 
inent or  most  noticeable  symp- 
tom, but  this,  being  tlue  to  de- 
struction of  the  vertebra^  must 
be  a  process  of  weeks  or  months, 
and  must  be  preceded  b}'  symj)- 
toms  of  weakness  or  disability. 
For  a  long  time  the  deformity 
was  looked  on  as  the  impor- 
tant and  diagnostic  feature  of 
Pott's  disease,  and  even  at  the 
present  time  the  diagnosis  is  not 
frequentU'  made  before  the  de- 
formity appears.  It  should  be 
generally  understood  that,  while 
many  difficulties  maj'  present 
themselves,  the  diagnosis  of 
Pott's  disease  before  deformity 
appears  is  both  possible  and 
easy.  It  is  of  the  utmost  im- 
portance that  an  early  diagnosis 
should  be  made,  for  once  the 
deformity  appears  we  can  scarce- 
ly hope  for  its  recession,  and  it 
is  only  by  the  greatest  care  that 

we  can  prevent  it  from  becoming  greater.  Gibney  has  truly  said  that  an 
early  diagnosis  is  the  best  treatment. 

The  spinal  column  has  a  double  function,  that  of  weight-bearing'  and  to 
serve  as  a  hollow  channel  for  the  transmission  of  the  spinal  cord.  It  neces- 
sarily follows  that  any  severe  destructive  process  of  this  colunm  must  inter- 
fere with  the  first  function,  and  will  produce  i)ain,  weakness,  and  an  alteration 
in  the  attitude  or  gait,  and  may  produce  changes  in  the  nervous  system  by 
pressure  or  extension  of  the  disease  into  the  neural  canal. 
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Mrscn.AR  Rigidity. — With  the  commencement  of  th(^  disease  tliere  come 
tlie  reflex  inuseuhxr  spasm,  and  the  fixation,  or  hmitatioii  of  motion,  over  a. 
small  area  at  the  diseased  point,  the  short  muscles  of  the  back  alone  takiny;  part 
in  the  process.     This  limitation  of  motion  may  Ije  noticed  only  as  a  slight 

break  in  the  normal  contour  of  the 
s]iine  in  bending;  i.e.,  the  child  may 
still  stoop  in  a  natural  way,  but  in- 
stead of  the  normal,  evenly  rounded 
curve  of  the  back  from  the  sacrum 
to  the  occiput,  there  is  a  point  at 
which  the  curvature  has  flattened 
out  to  a  slight  extent.  I'jventually, 
as  the  disease  firogresscs,  the  fixation 
becomes  more  extensive,  until  the 
whole  iimsculature  of  the  spine  is 
acting  to  prevent  any  movement. 
The  extent  an<l  intensity  of  the 
muscular  fixation  furnish  an  indica- 
tion of  the  acuteness  of  the  disease. 
The  muscular  rigidity  is  notice- 
al)le  variously  in  different  portions 
of  the  s])ine.  In  tlie  cer\-ical  region 
the  head  is  fixed  so  that  little  or  no 
motion  takes  }jlace  in  any  direction.  (Fig.  695.)  The  chikl  turns  the  whole  body 
in  attempting  to  look  at  any  object  at  the  side. 

In  the  dorsal  region  the  act  of  stooping  is  interfered  with;  and  instead  of 
bending  over  to  pick  up  an  object,  the  child  scjuats  down,  bending  knees  and 
hips,  but  keeping  the  spine  rigid.  (Figs.  696  and  697.)  This  peculiar  method 
of  stooping  to  pick  up  an  object  is  very  characteristic  of  the  acute  stage  of 
Pott's  disease.  The  rigidity  is  demonstralile  also  by  placing  the  child  face 
downward  on  a  flat  surface  and  lifting  the  feet.  In  the  normal  sjjine  an  even 
curve  from  heels  to  occiput  is  seen  (Fig.  698) ;  in  the  diseased  spine  a  flatness 
of  the  back  occurs  (Fig.  699). 

The  rigidity  of  the  lumbar  spine  shows  itself  in  a  manner  similar  to  that 
observed  in  the  dorsal;  but  there  is  frecjucntly  also  a  marked  hollowness  of  the 
spine  at  this  point. 

Attitude  and  Gait. — The  characteristic  attitude  of  a  child  suffering  with 
Pott's  disease,  both  in  standing  and  in  walking,  is  due  in  part  to  the  mus- 
cular fixation,  and  in  part  to  the  effort  of  nature  to  protect  a  sensitive  spine 
from  jar. 

The  gait  is  one  of  carefulness,  and  unnaturalness  or  awkwardness,  instead 
of  the  free  and  easy  gait  of  a  healthy  child.     The  walk  is  on  the  toes  to  a  large 


Fig.  695. — Attitude  in  Cervical  Disease.     (Whitman.) 
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■extent,  with  heels  touching  the  fldor  very  gently,  to  a\-oi(l  tlie  eoncussion  in- 
■cident  to  a  "heel"  walk. 

If  the  disea.se  is  in  the  high  cervieal  region,  the  head  is  tilted  backward, 


Fig.  696. — Showing  Coiiiitarisuu  of  iS'ormal  and  Diyeaaed  Spine  in  Attempt  to  Stoop.    (Joachinisthal.) 


Fig.  697. — Showing  .\ct  of  Stooping  Completed,  in  Child  with  Normal  and  Child  with  Diseased 

Spine.     (Joachimsthal.) 
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with  the  cliin  elevated  (Fig.  700),  thus  relieving  the  pressure  on  the  bodies  of 
the  vertebrae  by  carrying  the  weight  back  to  the  articular  processes.  The- 
head  is  often  supported  by  the  hands  (Fig.  701),  and  the  chikl  is  frequently  found 
stretched  out  on  the  floor  to  relieve  the  diseased  vertebra  of  superincumbent 
weight.  Wry-neck  may  develop  from  cei-vical  Pott's  disease;  this  is  sometimes 
due  to  unetjual  muscular  spasm  on  the  two  sides,  and  sometimes  vmdoubtedly 
due  to  disintegration  of  the  lateral  portions  of  the  bodies  of  the  vertebra;,  thus 
allowing  the  spine  to  sink  to  one  side  instead  of  directly  backward. 

In  tlie  dorsal  and  upper  lumliar  ri>gions,  the  attitvide  is  again  an  unnatural 
one,  that  of  over-crectness,  the  so-called  military  attitude  of  Pott's  disease.. 


I'iG.  09.S. — Showing  Flexibility  of  flic  Normal  Spine.      (Starr.) 


The  abdomen  is  protuberant,  the  shoulders  are  thrown  well  back,  and  all  the- 
movements  are  careful  and  guarded.  The  child,  instead  of  playing  freely  as 
others  do,  tires  easily,  frequently  stands  with  the  hands  upon  the  knees,  with 
knees  and  hips  flexed  (Fig.  701),  thus  carrying  the  weight  of  head  and  upper 
trunk,  through  the  arms,  to  the  lower  extremities.  A  very  common  position 
for  a  child  to  assume,  with  disease  in  this  region,  is  to  lie  on  its  stomach  across: 
a  chair  or  across  the  parent's  knees.     In  attempting  to  rise  from  a  stooping- 
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Fig.   699. — Showing  Rigidity   and   Flatness  of  Diseased  Spine.     (Starr.) 


position  the  child  climbs  up  himself  by  j^lacing  one  hand  after  the  other  on  knee 
and  thigh.     In  the  sitting  posture  the  hands  are 
placed  flat  on  the  floor  with  the  arms  straight,  to 
help  support  the  spine  (Fig.  703). 

In  the  lumbar  region  the  hollowness  of  the  spine 
and  the  protuberance  of  the  abdomen  are  moi-c 
marked  than  in  the  dorsal  region.  There  is  also 
a  peculiar  sidling  or  .shuffling  gait  which  is  char- 
acteristic in  disease  of  this  region.  In  not  a  few 
cases  a  side  tilting  of  the  body  is  present,  with 
flexion  of  the  thigh  and  leg,  the  toes  only  touch- 
ing the  floor.  This  is  due  to  spasm  of  the  psoas 
and  iliacus  muscles  and  is  usually  the  forerunner 
of  a  psoas  abscess. 

P.\ix. — Pain  in  Pott's  disease  is  a  very  vari- 
able symptom.  It  is  usually  present,  but  varies 
from  a  sensation  of  weakness  or  weariness  to  a 
severe  type  of  girdle  pain.  The  pain  is  due  to 
pressure  on  the  nerve  roots  as  they  emerge  from 
till'  intervertebral  foramina.  The  pressure  is  very 
exceptionally  caused  directly  by  bone,  but  in 
nearly  all  cases  it  depends  upon  the  inflamma- 
tory thickening  of  the  meninges,  with  more  or 
less  oedema.  This  irritation  of  the  nerves  induces 
a  pain  referred  to  the  peripheral  endings,  and  for      ^  J"^;  700.-ci,araeteristic  Atti- 

'  '        '  ^  '  tude  in   Disease  of   the  Cervical 

that  reason  the  pain  is  misleading,  and  the  disease      Vertebra;.    (Wiiitman.) 
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of  tlifi  s]iinc  is  consequently  apt  to  lie  overlooked.     Dcpendinj;;  on  the  location  of 
the  disease,  the  pain  ap()ears  as  a  neuralgia  in  the  neck  or  u])per  extremities, 


Fig.  701. — Supporting  the  Head  uii  the  Hands  in  Disease  uf  the  Cervical  Vertebric.      (Whitman.) 

if  the  location  is  in  the  cervical  region;  as  a  pain 
over  the  sternum  and  chest,  or  as  a  girdle  pain 
in  the  upper  abdomen,  if  in  the  dorsal  region; 
and  as  a  sciatic  pain  in  lumbar  disease. 

The  referred  pain  of  Pott's  disease  is  as  char- 
acteristic as  the  referred  knee  pain  in  hip-joint 
disease,  so  that  a  careful  examination  of  the 
si)ine  should  he  made  in  all  cases  of  persistent 
stomach  ache  or  jjain  in  the  chest  or  extremities. 
A  pain  continuing  for  some  time,  relieved  by 
position,  should,  especially  in  children,  at  once 
arouse  suspicions  of  a  diseased  spine,  and  should 
not  be  considered  as  colic  or  "growing  pains." 
There  is  another  t,ype  of  pain  sometimes  found, 
which  is  of  the  same  character  as  the  "night 
cry"  of  hip-joint  disease.  The  muscles  of  the 
spine  which  are  in  a  state  of  tonic  spasm,  or  as 
is  commonly  stated  are  "on  guard,"  to  protect 
the  diseased  area,  relax  during  sleep,  and  then 

Fig.  702. — Characteristic  Attitude       „  4.      e   ii  i.-      1-    •      -i.        4.1 

in  Pott's  Disease  of  Dorsal  Spine.     ^">   movement  of  the  patient  mcitcs  the  simsm 
(Joaehimsthai.)  aiid   the   musclcs   comc   "on  guard"    again  so 
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aliru]itly  as  to  jar  the  iliscascil  pdrtion.  ami  a  sliar|i  pain  is  the  result,  'riic 
pain  is  often  protluctive  of  a  typical  "night  cry"  or  slirirk.  which  may  awaken 
the  patient  only  temporarily.  He  drops  off  to  sU'eji  ajiain  only  to  repeat  the 
process  at  freciuent  interAals  during  the  night.  This  night  pain  is  readily  re- 
lieved h}'  fixation  of  the  spine  in  a  jjlaster  jacket  or  by  the  positivin  of  \\\- 
perextension  on  a  frame  or  cuirass.  Pressure  over  the  spines  of  the  diseased 
A'ertebrff  docs  not  elicit  pain,  so  no  information  is  to  be  gained  that  will  assist  in 
diagnosis  by  any  percussion  of  the  spines,  as  is  so  often  practised.  The  disease 
being  located  in  the  bodv  of  the  vertebra',  with  tlie  spines  and  lamina'  free, 


I'IG. 


7U3. — Svipportiiig  tlie  Spine  by  tlip  Anns.      (.loMcliinistlial.') 


one  should  not  cx])ect  any  jiain,  and  yet  the  fact  that  pressure'  on  any 
vertebral  siiine  does  not  ))roduce  pain  is  often  taken  to  mean  that  no  disease 
is  present. 

Deformity. — The  deformity  is  the  commonest  and  most  characteristic, 
although,  as  will  be  readily  understood,  not  by  any  means  the  earliest,  symptom 
of  tuberculous  spondylitis.  Tn  the  early  stage  it  is  usually  sharjily  angular  and 
projects  directly  backward  as  a  knuckle,  one  spinous  pnjcess  extending  distinctly 
beyond  the  others.  As  more  of  the  bodies  are  invaded  and  become  broken 
down,  their  sjiines  ])roject  liackward  with  the  primary  knuckle  leading.  (Fig. 
704.)  There  is  some  slight  compensatory  lordosis,  above  and  below,  which  makes 
the  kyphus  still  more  i)rominent.  In  the  later  stages  of  the  disease,  when  the 
VOL.  n'. — 60 
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tuberculous  process  is  cured  or  ([uiescent,  tlie  augulai-ity  of  the  kypluis  p;i'a(1- 
ually  disappears,  and  a  rounded  proniiaence  results.     (Fig.  TO.").) 

In  this  way  it  is  seen  that  the  api)earanco  of  the  kyi)hus,  i.e.,  its  sharp  or 
rounded  character,  is  an  indicaliim  of  its  acute  or  (|uiescent  charactei'.  This 
is  not  absolute;  for  in  some  cases,  where  tlie  focus  of  disease  stai'ts  in  tiie  epi- 
physeal ('(Iwe  of  the  body  and  in- 
\-ades  the  inter\'ei1el)ral  disc  (Fig. 
71)()).  the  disease  may  be  acute  and 
I  he  rc.-ulting  defoi'niity  appear  more 
loundcd  than  anjj;ulai'.  In  some 
cases  also  of  disease  in  the  upper 
dorsal  \-ertel)ra',  the  kyplius  may 
be  (|uite  r!)unde(l,  resembling  very 
larg(>ly  in  appearance  the  postural 
curve  of  "round  shoulders."  Suffi- 
cient attention  has  not  been  drawn 
t(j  the  fact  that  tlif  deformity  of 
Rott"s  (Hseasc  is  not  always  back- 
ward. If  the  focus  of  disease  com- 
mence in  the  lateral  portion  of  the 
body  instead  of  in  the  anterior,  the 
knuckling  of  the  vi-rtelme  will  be 
sharply  to  the  side,  and  a  lateral 
deviatidn  will  result.  (Fig.  707.) 
This  must  be  ever  kejit  in  mintl 
when  examining  cases  of  lateral 
curvature,  as  sometimes  patients 
with  Pott's  disease  who  presented 
this  lateral  deviation  have  been 
trcatetl  by  active  gymnastics  with 
mcst  disastrous  results.  There 
ought  to  be  no  difficulty  in  differentiating  these  conditions,  for  besides  the  lim- 
itation of  motion  in  the  spine  and  the  shari)ness  of  the  curve  to  the  side,  there 
is,  as  ]3ointed  out  by  Lovett,  no  rotation  of  the  spine  in  Pott's  disease,  i.e.,  the 
lateral  curvature  is  a  true  latei-al  de\-iation. 

In  the  disease  of  the  last  lumbar  vertebral  body,  with  crushing  in  of  its 
substance,  there  may  be  a  forward  displacement  or  sharj)  lordosis  of  the  spine 
at  this  point  on  account  of  the  fixity  of  the  sacrum,  and  thus  one  sees  frequently 
in  this  conilition  a  sharp  reces.sion  or  hollow  point  above  the  prominent  first 
sacral  spine. 

The  deformity  may  vary  from  the  small  knuckle  of  a  single  vertebra  to 
the  enormous   hunchback   involving   nearly  all  of  the  dorsal  vertebra:'.     This 
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Fig.  704. — Deformity  witli  Extensive  Disease  Fairly 
Acute.     (Starr.) 
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huiiv  (k'forniity  is  fortunately  not  so  ciiiiiiiioii  in  these  reeeiit  days  as  fonnei-|y, 
owiiiir,  no  (loul)l,  to  earlier  diagnosis  and  more  cHicicnl  ti-eatnient. 

Complications. — Abscess. — One  of  the  syniptoms,  wliich  may  be  looked 
U]ion  as  a  coniplieation  of  Pott's  disease,  in  that  it  is  not  always  present,  and 
is  in  a  degree  pre\'ental)le,  is  the  ahseess. 

That  it  is  a  dangerous  complication  is  undoubted,  for  while  it  is  considered 
by  some  surgeons  as  only  a  symptom  of  a  serious  disease  and  therefore  worthy 
of  but  a  passing  notice,  yet  in  the  mind  of 
tile  autlior  it  is  res])onsil>le  for  the  great  Imlk 
of  tlie  deaths  that  occur  in  the  course  of  tu- 
lierculous  disease  of  the  spine.  For  this  reason 
a  fuller  consideration  than  may  seem  at  first 
warranted  in  a  necessarily  limited  article,  is 
given  to  the  causation,  course,  and  treatment 
of  this  complication.  The  formation  and  con- 
tents of  a  true  tuberculous  abscess  have  been 
considered  under  the  patliological  structure 
(see  page  980)'  hence  a  brief  mention  is  all 
that  is  necessary  here  of  the  special  symptoms 
which  appear  coincidently  with  the  abscess 
under  certain  conditions,  and  the  symptoms 
which  follow  the  absct'ss  in  s|)ecial  locations. 

An  abscess  of  small  dimensions,  deeply 
I)urie(I  in  the  tissues,  will  contain  in  practi- 
cally all  instances  only  the  tubercle  l)acillus 
as  a  definite  organism.  The  contents  of  such 
an  abscess  are  sterile,  so  far  as  the  presence 
of  any  other  organism  is  concerned.  This 
tyiK-  of  aiiscess  is  innocuous  and,  contrary  to 
the  usual  teaching,  the  tcnqierature  of  the 
jiatient  will  not  be  elevated  in  the  evening  be- 
yond the  nornial  range.  In  the  ITospital  for 
Sick  Children,  Toronto,  the  author  has  noted 

,  1        i        r  I'"'-     '05. — Rouiulcil     |irf<iniiitv    in 

m  a  series  of  cases  the  temperatrnv  charts  of     ,^„„g.„,,„aing  Potfs   Disoas.,  si.ow- 

healthy    children,  such  as    those  with  clul)-feet        "ig  also  the  Elevation   of  the   Ribs  in 
,     ,  ,  ,■       I  -1  1  -1.1  I  L()\\'er  Dorsal  Disease.      (.loaeliinistlial. ) 

and    liow-legs:    ol    clukiren    with   tuberculous 

disease  of  bones  without  abscess  apparent,  and  of  chiMren  with  tuberculous 
disease  complicated  with  abscess,  and  they  all  show  a  similar  temperature  chart, 
with  no  more  variation  from  the  normal  in  one  class  than  in  the  othiM'. 

If  this  abscess  remains  uninfected  and  shows  no  signs  of  increasing  in  size, 
I)ut  on  the  contrary  tends  to  decrease  by  absorption  of  its  contents,  then  the 
disease  will  run  its  course  as  would  a  case  without  abscess.     If,  on  the  other 
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Fig.  706. — Disease  Commencing  in  Ej)iijliyseal  Edge  of 
\'ertebral    Body    and    Showing    little    Deformity.     (Joa- 

chinisthal.) 

ill  tlic  visccTa,  ].)ixrticular]y  in  llio  kiilnoy^  aiK 
has  yet  to  see  a  case  of  amyloid  degen- 
eration in  tuberculous  bone  disease  in 
which  there  has  not  first  been  a  mixed 
infection.  It  is  to  be  noted  that  wliilethe 
chief  source  of  this  mixed  infectiimis  un- 
doubtedly from  a  spontaneous  ruptiu'eof 
the  abscess,  yet  infection  may  take  place 
through  the  blood  stream  while  the  ab- 
scess is  yet  deeply  situated ;  or,  as  is  more 
usual,  the  abscess  becomes  infected 
through  contact  with  the  crypts  of  the  se- 
baceous glands  as  it  approaches  the  skin. 
In  either  case  the  onset  of  the  mixed  in- 
fection is  noted  bj-  the  change  in  the  tem- 
perature chart  from  the  normal  range  to 
that  of  septic  character.  This  shows  the 
imperative  neetl  of  interference  with  an 
abscess  exhibiting  definite  symptoms  of 
enlargement  and  ai:)proach  to  the  sur- 
face, in  order  to  keep  the  cavity  sterile. 


li.'inil,  till'  abscess  enlarges,  and, 
iiK/viiiij;  along  the  line  nf  least 
resistance,  a])pniacii('s  the  skin 
surface  or  cipcns  sponlaiieoiisly, 
an  infection  i)f  llic  caNity  with 
staphylococci  or  streptococci 
will  almost  ccilainl)-  t.ake  place, 
and  one  sees  the  iisii.'il  chain  of 
symptoms  supeiA'cue  uliich  al- 
ways follow  a  mixed  infection, 
\\z.,  the  temperaturt'  is  ele^•at- 
ed  several  degrees  in  the  eve- 
nings, the  ])atienl  shows  a  hectic 
(lush  in  the  cheeks  and  begins 
to  lose  apix'tite  and  ambition, 
niglit  sweats  a].ipeai',  in  fact  all 
of  the  symi)toms  are  those  of 
sej)sis.  If  a  fistula  has  been 
cstal)lished,  the  abscess  cavity 
will  continue  to  discharge  in- 
definitely; and  amylcid  changes 
1  liver,   will  appear.     The  author 


Fig. 


707. — Sliarp  Lateral  Deviation  Sometimes 
Found  in  Pott's  Disease.     (Starr.) 
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Tlie  abscess  shows  somewhat  vaiying  syniptoins  and  appearance  ilepend- 
ing  upon  its  location.  In  di.scasc  of  the  occipito-atlantal  joint  the  abscess  has 
been  known  to  wamler  up  tlnough  the  foramen  hxcerum  postcrius  and  cause 
thrombosis  of  tlie  lateral  sinus,  (v.  Bergmann.)  Generally  an  abscess  of  either 
of  the  first  two  cervical  vertebra'  will  apj^ear  under  the  mucous  membrane  of 
the  ])harynx  as  a  retrojiharyngeal  abscess  (Fig.  708),  and  symptoms  of  ob- 
struction to  nasal  respiration  ajipear.  The  little  patient  breathes  with  the 
mouth  open  and  talks  with  a  nasal  twang. 

In  the  middle  of  the  (•(■r\-ical  I'cgion,  fr(.)m  the  third  to  the  fifth  ^•ertebra, 
the  abscess  may  also  show  as  a  ictiopharyngeal  or  retro-tcsophageal  abscess; 


Ostium  pharyngeum  tubae 


Tonsilla  pharjngea 


Abscessus  retro- 
pharyng'. 


Fig.  70S. — Rctrojiliaryngcal  -Vbscess.     (After  Ziicl^erkaiuil.) 


but  nuich  the  commoner  location  is  to  find  the  abscess  perforating  the  deep 
fascia  and  appearing  in  the  neck  eitlier  just  in  front  of  or  just  behind  the 
stcrno-mastoid  muscle.  The  abscess  in  tliis  region  may  cause  compi-essioa  of 
the  lirachial  plexus  and  conseciueiit  pain  in  the  upper  extremity. 

The  vertebral  artery  has  been  eroded  by  an  abscess  of  the  cervical  verte- 
l)ra'.  In  the  lower  cervical  and  upper  dorsal  regions,  the  abscess  follows  the 
anterior  ligaments  of  the  si)ine  and  dcM'hips  to  a  greater  or  lesser  extent  in  the 
posterior  mediastinum  behind  the  n'sophagus  and  under  the  arch  of  the  aorta. 
Ab.'^ccsses  of  this  region  rarely  show  any  symptoms,  although  they  have 
been  described  (.loachimsthal)  as  causing  sufficient  ])ressure  on  the  oesophagus 
and  trachea  to  obstruct  l)reathing  and  to  reiiuiic  a  tracheotomy  foi'  relief. 
The  wanderings  of  an  ab.scess  in  this  region  may  be  very  extensive.  It  may 
follow  the  aorta  downwaril  throuf:;h  the  aortie  optniing  in  the  diapln-agm.  along 
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the  (loscciKling  aorta,  hrancliing  with  the  common  and  cxtci'iial  iliac  aii cries, 
and   a,ppcar  under  Poupart's  lifi'amcnl .     The  abscess  of  the  doi-sal  vertebra' 

uvAX  also  follow  Ihe  coui'se  of  the  intercostiil  ves.^els, 
.•iiid  appi'ar  al  any  portion  of  the  poslei'ior  oi-  lateral 
chesi    wall. 

In  Ihe  tlisc'ase  (if  the  last  t\Ad  dorsal  and  all  the 
lumbal'  vertebra^  the  abscess  not  infreciuently  jioints 
abo\'e  Ihe  crest  of  thr  ilium  posteriorly,  as  a  lumbar 
abscess  (Fig.  700),  but  the  common  type  is  the  j^soas 
abscess.  This  follows  the  psoas  muscle  down\var:l  un- 
der Poujiart's  ligament  (Fig.  710)  to  its  insertion  in 
the  lesser  troi'lianter,  and  here  may  burst  thi'ough 
the  ])soas  sheath  and  infiltrate  the  tissues  of  the  inner 
side  of  Ihe  thigh  (Fig.  711). 

The  commencement  of  a  psoas  abscess  causes 
characteristic  symptoms,  even  lief  ore  any  thickening 
may  be  palpated.  The  thigli  is  slightly  tiexed,  and 
rotati'd  inward,  and  the  jiaticnt  bends  to  the  affected 
side. 

The  method  of  testing  for  psoas  abscess  is  to  jilaco 
the  ]iatient  face  downward  on  a  hard  surface;  and, 
after  Hexing  the  leg  on 
the  thigh,  an  attempt 
is  made  to  hypcrextend 
the  thigh.  (Fig.  712.) 
In  the  normal  child 
the  thigh  will  extend 
alwut  fifteen  degrees, 
liut  in  psoas  contraction  no  such  liyperexten- 
sion  is  possible. 

P.\i{APLE(;i.\.— The  thickening  and  ndema 
of  the  nu'mbranes  of  the  cord,  due  to  secon- 
dary extension  of  the  tuberculous  ]irf)cess  from 
the  bodies  of  the  vertebra\  produce  in  some 
capes  a  compression  myelitis  and  ultimately  a 
sclerosis  of  the  cord,  which  result  in  paraple- 
gia. This  compression  is  rarely  'due  to  direct 
bony  pressure,  and  conseciuently  the  parai^legia 
may  occur  in  cases  with  very  slight  deformity. 
In  one  case  admitted  into  the  Hospital  for 
Sick  Children,  Toronto,  the  parajilegia  was  the  first  symptom  wliich  the  parents 
noted,  no  dcformit\-  having  yet  iiresented  itself.     As  one  woukl  expect  from  the 


l'"ii;.    7110. — I.nnihar  .Vbsrcss, 
(.loacliimsthal.'^ 


Fig. 


no. — Doulile  Psoas  .Vbscess. 
(After  PaU-ttu.l 
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narrowness  of  the  neural  canal  in  the  (lorsal  ic.HiDU,  the  large  percentage  of 
cases  of  paraplegia  is  found  in  disease  of  the  dorsal  vertebra^;  next  to  this 
they  occur  in  the  cer\-ical  region,  and  I'arely 
are  any  cases  found  in  the  hiniliar  region. 

The  symptoms  accompanying  this  com- 
jilication  are  marked  spastic  rigidity  of  the 
nuiscles  of  the  lower  extremities,  exaggera- 
tion of  skill  aiiil  ]iat('llar  reflexes,  and  ankle 
clonus.  Tiie  sensation  is  usually  normal,  and 
the  Madder  ami  IkiwcI.s  are  rarely  affected. 

Diagnosis.— An  early  diagnosis  is  abso- 
lutely essential  if  a  recovery  of  function  in 
the  spine  is  \<>  he  hoped  for.  'i'liis  early  (H- 
agnosis  also  results  in  a  great  saving  of  time 
in  which  recovery  may  take  iplaee;  and  it 
may  eliminate  the  suffering  and  iiermancnt 
disability  which  result  if  a  diagnosis  is  not 
made  until  tiie  Ir.ler  se\-ere  destructive  stages 
have  been  reached.  Tlie  writer  is  convinced 
that  a  large  proporti(.iii  of  the  cases  of  Pott's 
disease  which  have  been  overlooketl,  or 
wrongly  diagnosed  as  "  growing  pains,"  "  j-jieu- 
matism,"  or  "strain,"  woidd  have  been  de- 
tected or  at  least  suspected,  if  a  careful 
and  systematic  examination  had  lieen  made. 
Therefore,  one  would  urge  that  in  '///  cases 
of  children  jiresenting  themselves  witli  a 
history  of  persistent  abdominal  pain,  a  pe- 
culiarit}'  of  attitu<le  or  gait,  or  a  complaint 
of  l)eing  easily  tired,  a  careful  examination  o 
the  child  stripped  of  all  clothing. 

One  other  general  statement  shoukl  be  borne  in  mind,  that  an  absence  of 
pain  does  not  necessarily  mean  an  absence  of  Pott's  disease,  as  the  disease  may 
progress  for  months  and  give  rise  to  no  pain  wliate\'er.  The  symptoms  which 
have  been  very  aptly  termed  the  •'trinity  of  Pott's  disease"  are  the  kyphus, 
the  abscess,  and  the  pai'alysis — the  presence  of  any  one  of  these  may  be  enough 
to  render  the  diagnosis  absolute,  but  the  combination  of  all  of  them  is  proof 
positive  of  the  existence  of  the  disease.  Of  course,  when  any  or  all  of  these 
sym;)toms  are  present  the  disease  has  i)rogresse<l  to  a  considerable  extent  and 
permanent  destruction  has  taken  jjlace,  with  consecjuent  loss  of  function. 
In  nearly  all  cases  a  diagnosis  is  not  only  possible,  but  sinii)le,  before  any  of 
these  cartlinal  symptoms  which  are  due  to  bony  destruction  have  apjjeared. 


Via.  711. — Psoas  Abscess,  after  Hurst- 
iiiK  through  Psoas  Sheath,  Pointing  on 
Inside  of  Thigh.      (Wullstein.) 


th 


ould  be  made  with 
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The  e'ju'ly  iliagiidslic  syiiipldiiis  arc  lliosc  which  arif^c  )Vi_)ni  the  muscular 
rigidity  or  spasm,  and  arc  imtcd  in  the  pccuharity  of  gait  oi'  attitude  and  the 
liniitatiiin  (if  inox'cnicnt  of  the  spine.  Tlie  cxaniinatioii  lor  dclccliiin  of  tlicsc 
symptoms  should  lie  made  carefully  and  systematically  somewhat  as  follows: 
the  child,  strip|)cd,  is  i-e(iuired  to  walk  up  and  down  before  the  examiner.  Due 
regard  should  be  given  to  the  fact  that  a  child  of  eight  or  ten  years  of  age  may 
show  some  hesitation  in  j.arading  nude  before  a  stranger,  liut  with  a  little  tact 
and  perseverance  tiie  child  can  soon  be  persuaded  to  walk  unconsciously.  The 
gait  will  l>e  noted  as  one  of  carefulness,  and  not  the  free  swing  of  a  chikl  with  a 


Fig.  712. — Xorm.il   Hypprrxtonsion  of  Tliigli.      (Starr.') 

normal  spine.  The  walk  will  be  with  the  weight  carried  forwai'd  on  the  toes, 
the  heels  touching  lightly,  if  at  all,  in  order  to  prevent  the  jarring  of  the  spine 
which  results  from  the  ordinary  heel  gait. 

The  attitude  will  vary  according  to  the  location  of  the  disease.  In  the 
cervical  region  the  position  of  the  head  is  erect,  with  the  chin  tilted  upward 
and  carried  somewhat  forward  of  the  normal  jiosition.  The  head  is  also  held 
with  a  good  deal  of  rigidity,  and  in  looking  ujiward  or  downward  the  eyes  are 
rolled  as  far  as  possible,  and  little  movement  of  the  head  is  made.  In  a  like 
manmr,  if  tlie  child  with  cervical  Pott's  disease  wishes  to  look  to  the  side,  the 
shouklers  and  trunk  accompany  the  movement  of  the  eyes  with  little  or  no 
rotation  of  the  cervical  spine.  It  shotdd  l)e  remembered,  also,  that  in  a  fairly 
large  number  of  cases  of  disease  of  the  cervical  spine,  the  muscular  spasm  is 
unequal  and  torticollis  is  the  result.  It  is,  of  course,  absolutely  nece.s.sary  that 
this  should  not  be  mistaken  for  an  ordinarj-  case  of  wry-neck.  The  attitude 
of  the  child  when  tired,  with  the  chin  resting  upon  the  hands,  as  in  Fig.  701,  is 
characteristic. 
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In  tlu'  upper  (Jorsal  rcfiioii  the  syiu|>t()ins  will  he  almost  identical  with  those 
in  the  cervical  region  as  described  ai)ove.  In  the  mid-dorsal  region  there  is  the 
same  careful  gait,  the  patient  walking  on  the  toes,  but  added  to  this  there  is 
the  hj'per-ercct  position  or  military  gait  with  the  shoulders  square  and  thrown 
backwai'd.  The  jiarcnts  will  sometimes  resent  the  suggestion  that  there  can 
be  any  disease  of  the  spine  on  account  of  the  erect  attitude,  wliich  they  point 
out  with  no  little  pride.  It  is,  howex'er,  in  practically  all  cases  an  unnatural 
attitude  for  a  child,  and  as  such  should  excite  suspicion  of  Pott's  disease.  In 
this  region,  on  account  of  the  backward  curx'alure  of  the  sjtine,  A'erv  slight 
destruction  in  the  liodies  sliows  itself  as  a  knuckle  ])rotru(nng  backwanl,  and 
hence  the  deformity  may  be  almost  the  earliest  symptom. 

In  the  lower  dorsal  region  the  .s^-mptoms  are  so  nearly  like  those  of  the  lum- 
bar region  that  they  may  be  described  together. 

In  the  lumbar  region,  for  an  early  diagnosis  one  must  deijend  almost  entirely 
on  the  .symptoms  of  muscular  rigidity  and  limitation  of  motion,  as  the  deformity 
may  be  very  late  in  showing  it.self  on  account  of  the  anterior  curvature  of  the 

si)ine  in  this  region.   The  patient  exhibits  the 

same  carefulness  of  gait  as  when  the  disease 
involves  other  regions  of  the  spine.  There  is 
also  a  protrusion  of  the  abdomen,  with  some 
lordosis  of  the  lumbar  spine,  the  child  thus 
unconsciously  [irotccting  the  diseased  bodies 
of  the  vertelira'  by  throwirig  the  weight  back 
upon  the  articular  processes.  The  motions  of 
the  sphic  arc  exceedingly  limited,  rotation  is 
prevented  and  the  child  in  turning  to  the  side 
turns  the  whole  trunk.  In  attemijting  to  pick 
up  an  object  from  the  floor,  the  knees  and  hips 
are  bent  and  the  jjatient  squats  to  the  floor 
with  the  spine  held  rigid,  in.stead  of  stooping 
with  the  whole  spine  arched.  (Tig.  696.)  In 
the  very  early  stage,  while  the  spine  still  bows 
in  an  attempt  to  pick  up  any  oljject,  it  will  be 
noted  that  there  is  a  rigidity  of  a  certain  por- 
tion of  the  spine;  that  is,  there  is  a  flattening 
in  a  section  of  the  spine,  and  a  Ijreak  is 
noted  when  com]3ared  with  the  smooth  arch 
of  the  normal  spine.  (Fig.  713.)  In  n^covering  the  erect  position,  the 
hand  is  u.sually  placed  upon  the  knee  and  the  patient  climbs  up  himself. 
The  ])osition  of  fatigue  is  also  characteristic.  The  child  with  Pott's  disease 
in  this  region  will  often  stand  with  the  thighs  flexed  and  the  hands  resting 
upon  the  knees.      (Fig.  702.)     In  sitting,  the  jiatient  will  support  the  weight 


Fig.  713. — Showing  Normal  Rouiitlncss 
of  Spine  in  Stooping.      (St.irr.) 
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(if     tlic    tipiKT    trunk     thidUL'h    tlii'    :umiis,    i-cstiii,ii    tln'    liamls    flal     upon    tlic 
Hooi-.       ( l''i^.  70;!. ) 

Tlic  tliig'li  of  one  side  is  l'r('!|uciil  ly  sccii  in  a  position  of  sliti,lit  flexion  (l''i^. 
714),  due  to  psoas  iiTitaliilily  or  to  a  coniiiicncinii  ulisccss.  'J'lic  psoas  sjiasiu 
may  be  detected  hy  placing  the  child  face  downwaid  on  a  flat,  hai'd  surface 
and  attempting  to  hypcrextend  the  thighs  with  one  hand  jilaced  upon  the 
buttock  to  hold  it  down.  The  jioi'mal  thigh  will  hypcrextend  about  fifteen 
degrees  (Fig.  712),  but  the  one  with  psoas  sjia.sm  shows  no  hyperextension. 
The  ligidity  of  the  spine  may  i)e  excellently  shown  without  dangei'  by  ]ilacing 
the  patient  on  a  taiile  with  the  face  downward, and  lifting  the  heels.    Tlie  normal 


Fig.  714. — Flexion  of  Tliigli  from  P.soas  Contraction  in  Commencing  Psoas  .\bscess.      (Starr.) 


spine  is  seen  to  arch  evenly  from  the  neek  to  the  sacrum  (l'"ig.  69N),  while  t!ie 
diseased  one  will  be  flattened  to  a  greater  or  lesser  tlegree,  depending  upon  the 
extent  of  the  disease  (Fig.  699) . 

^^^^en  piain  is  present,  it  is  usually  described  as  radiating,  and  is  referred  to 
the  peripheral  endings  of  the  ner\-es.  It  is  usually  relieved  by  recumbency. 
The  referred  pain  of  Pott's  disease  is  as  characteristic  as  the  pain  in  the  knee 
of  hip-joint  disea.se.  As  pointed  out  in  the  section  on  symptomatology  (page  945") 
pressure  on  the  spine  does  not  cause  pain.  The  writer  wishes  her(>  to  protest 
against  the  methods  advocated  in  many  text-books,  of  attempting  to  gain  infor- 
mation of  diagnostic  value  by  making  pressure  upon  the  head  of  a  imtient 
suspected  to  have  tuberculous  osteitis,  or  of  bringing  the  hands  down  smartly 
upon  the  shoulders  of  the  patient,  or  of  asking  him  to  jump  from  a  chair  to 
the  floor  to  see  if  it  causes  pain  or  discomfort.  Any  information  to  be  gained 
in  this  way  can  be  easily  obtained  by  adopiting  the  methods  previously  recom- 
mended, and  it  will  readily  apipear  that  if  the  body  of  a  vertebra  is  largely 
chseased,  this  barbarous  method  may  be  the  cause  of  the  breaking  down  of  a 
bofly  which  otherwise  might  have  been  iire\'ented. 

The  diagnosis  of  abscess  is  simple  when  it  becomes  large,  as  by  inspection 
alone  it  can  be  readily  located.  The  frenut-nt  appearance  of  a  psoas  abscess 
on  the  inner  side  of  the  thigh  should  be  remembered  (Fig.  711),  as  it  is  often 
mistaken  for  an  abscess  of  hijvjoint  disease.     A  retropharyngeal  abscess  may 
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be  easily  overlooked,  but  the  nasalspeech  and  mouth-breathing  associated 
with  the  rigiditj'  of  the  cervical  spine  shouki  lead  to  careful  examination  of 
the  throat,  when  the  bulging  of  the  posterior  ])haryngeal  wall  can  be  both  seen 
and  felt. 

An  abscess  of  the  mediastinum  can  l)e  diagnosed  only  by  the  pressure  symp- 
toms which  it  may  produce  on  the  oesophagus  or  trachea  or  on  the  great  l)lood- 
vessels.  An  abscess  in  the  psoas  sheath  can  usually  be  iletectetl  by  palpation 
deep  in  the  iliac  h^^sa,  where  a  fulness  may  be  felt.  At  the  same  time  this  is 
comniduly  accompanied  by  psoas  contraction,  wliich  is  detected  as  described 
above. 

The  diagnosis  of  paralysis,  when  complete,  is  made  from  the  fact  that  it  is  a 
para])legia  of  spastic  type,  with  exaggerated  patellar  reflexes  and  ankle  clonus, 
usually  accompanietl  by  a  kyphus  in  some  jiortion  of  the  spine.  Before  thei'e 
is  colli] ilete  paraplegia,  however,  one  should  suspect  the  commencement  of 
paralysis  from  the  tendency  of  the  toes  to  drag  and  a  heaviness  of  the  feet, 
accoini)anied  even  at  this  early  stage  by  exaggerated  patellar  reflexes. 

Diffi;rf.\ti.\l  Di.\gnosis. — Carcinoma  occurs  usually  in  adults,  while 
tuberculous  spondylitis  is  essentially  a  disease  of  childhood.  Carcinoma  is 
rarely  found  as  a  jirimary  focus  in  the  siiine,  and  by  the  time  the  spine  is  affected 
the  jirimary  focus  will  be  so  prominent  as  to  render  the  tliagnosis  of  malignant 
(lis(-ase  probable.  Where  there  is  any  deformity  it  is  generally  more  rounded 
than  the  kyphus  of  Pott's  disease.  The  ]mn  resulting  from  carcinoma  of  the 
spine  is  a  more  prominent  symptom,  while  th(»  stiffness  and  paralytic  symp- 
toms may  be  similar.  If  the  disease  is  of  long  standing  the  cachectic  appear- 
ance will  aid  in  the  diagno.sis. 

Sarcoma  of  the  spine  is  rare  in  children,  and  when  present  it  usually  appears 
as  one  focus  of  a  multiple  lesion.  In  the  early  stage,  if  the  disease  is  primarj', 
it  may  l)e  dithcult  or  impossible  to  differentiate  from  Pott's  disease,  but  the 
rapidity  of  growth  of  the  f-arcoma  .soon  leads  to  a  positive  diagnosis. 

Aneurism  of  the  aorta  may  j^roduce  an  erosion  of  the  spine  and  cause  a  de- 
formity wliich  niay  simulate  the  kyphus  of  Pott's  disease.  The  bruit  and 
circulatory  changes  will  clear  up  the  diagnosis. 

Sijpliih's,  either  in  childhood  or  in  adult  life,  occurs  more  frequently  than 
is  commonly  suspected.  Some  of  the  cases  reported  as  tuberculous  disease  of 
the  spine  which  have  made  rapid  recoveries  were  undoubtedly  of  syphilitic 
origin.  In  the  child,  a  parental  history  of  syphilis,  with  enlargement  of  the 
postcervical  and  cpitrochlear  glands  and  the  notched  teeth,  should  make 
us  suspect  syphilis.  In  the  adult,  the  presence  of  hard  or  soft  chancres,  the 
saildle  nose,  and  the  gummatous  periostitis  will  render  the  diagnosis  of  syph- 
ilis i^robable.  A  course  of  antisyphilitic  treatment  will  clear  up  the  diagnosis 
completely. 

Typhoid  sj)ine  rarely  causes  any  deformity:  it  follows  reasonably  .soon  after 
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an  iitt.'ick  i)f  ty|ili(ii(l  IV\ci-,  and  is  iiHirc  IVc(|U(iitly  t'ouml  in  :iilults  tliau  in 
children. 

Spondylitis  (Icjiiniiaiis  is  found  in  adnlt  lilV  and  is  i^cniTall}'  a.s.sociated  with 
an  artliritis  in  oIIrt  joints  of  tlic  body.  There  is  a  ^Pnc'ral  arching  of  the  spinal 
coliunn  witii  rigidity,  Init  willioiit  luuseuiar  spasm,  tlie  lihs  heing  freiniently 
anlvylosed  so  that  no  motion  of  the  chest  wall  is  possible. 

Osteomyelitis  and  other  acute  infections  are  occasionally  found.  The  aeute- 
ness  of  the  .symptoms,  severe  pain,  with  elevation  of  the  body  temperature, 
serve  to  differentiate  these. 

Spoiidylolistliesis  shows  itself  as  a  displacement  of  a  ^'ertcbra  forward  on  its 
neighbor.  It  occurs  inthelumliar  region,  and  has  not  the  marked  muscular 
spasm  of  tubcTculous  disease. 

Scoliosis  is  marked  by  rotation  of  the  s])ine  on  its  long  axis, and  there  is  no 
rigidity  or  fixation  of  the  s|)ine.  The  limitation  of  motion  is  purely  a  mechan- 
ical one,  due  to  overlapping  of  the  ribs.  Tlie  lateral  curvature  in  Pott's  disease 
is  a  pure  lateral  deviation  without  rotation  of  the  spine. 

Wry-neck  of  congenital  type  is  diagnosed  by  the  history,  together  with  the 
fact  that  the  muscular  spasm  is  confined  to  one  muscle  or  to  a  group  on  one 
side  of  the  neck.  In  wry-neck  due  to  Pott's  disease  there  is  a  general  muscular 
spasm.  The  diagnosis  is  readily  cleared  up  by  placing  the  patient  in  a  re- 
cumbent ]iostui'e  on  a  Whitman  frame  wdth  the  cervical  spine  somewhat  hyper- 
extended.  In  Pott's  (hsease  the  muscular  sjiasni  will  relax  in  a  few  days,  and 
the  deformity  will  disai)pear. 

Sprain  is  the  result  of  a  trauma  and  appears  at  once  after  an  injury.  A 
short  rest  clears  uj)  all  symptoms. 

^4  neurotic  or  '"railway  spine"  is  often  difficult  to  differentiate  accurately, 
Init  the  ])redominant  symjjtoms  are  subjective,  the  ])ain  is  greater,  the  spines 
are  sensitive  to  pressure,  and  all  symjitoms  are  exaggerated. 

In  the  rhachitic  spine  the  deformity  is  more  rountlcd  than  in  Pott's  disease. 
The  muscular  rigidity  is  very  much  less  marked,  the  movements  are  com- 
paratively free,  and  the  other  sym|)toms  fif  i-ickets  are  generally  i)resent,  i.e., 
beading  of  the  libs,  enlargement  of  the  epiphyses,  iirominence  of  the  forehead, 
protrusion  of  the  abdomen,  sweating  of  the  head,  etc. 

Occasionally  the  psoas  spasm  of  lumbar  Pott's  disease  may  be  mistaken 
for  liip- joint  disease,  but  they  can  be  readily  differentiated  if  it  is  remembered 
that  tlsere  is  limitation  of  extension  only  in  ]isoas  spasm,  all  the  (ttlier  motions 
at  the  hip,  i.e.,  flexion,  adduction,  and  abduction,  with  rotation,  remaining  free. 
With  the  psoas  contraction  of  lumbar  Pott's  disease,  also,  the  limb  is  flexed, 
adducted,  and  rotated  inward,  while  the  i)osition  of  the  limb  in  early  hip-joint 
disease  is  one  of  flexion,  abduction,  and  outward  rotation. 

The  reaction  to  tulierculiii  may  assist  in  confirming  the  diagnosis  of  tuber- 
culous spondylitis. 


TUBERCULOUS   DISEASE  OF  THE  SPINAL  COLUMN.        957 

Prognosis. — 'I'uhcrculous  .^jKimlylifis  is  to  be  regarded  as  a  very  severe 
afl'eetiuii.  In  a  general  way  one  may  say  that  the  disease  tends  to  spontaneous 
recovery,  but  with  a  greater  or  lesser  degree  of  deformity.  In  the  cervical  spine, 
on  account  of  the  small  size  of  the  bodies  and  the  relatively  less  superim- 
posed weight,  the  tleformity  may  be  slight.  In  the  dorsal  region,  however,  the 
degree  of  deformity  may  l)e  enormous,  sometimes  invoh'ing  the  whole  dorsal 
spine.  There  is  perhaps  no  other  disease  in  which  the  results  capable  of  being 
obtained  by  projjer  treatment  are  more  noticeable  than  in  this.  If  an  early 
diagnosis  is  made  and  proper  treatment  instituted,  a  functionally  i)erfect 
recovery  may  be  obtainetl. 

In  certain  portions  of  the  spline,  such  as  the  mid-dorsal  and  upper  lumbar, 
the  deformity  can  be  checked  and  in  some  instances  lessened.  In  the  cervical 
and  upper  dorsal  region,  on  account  of  the  difficulty  of  supporting  the  head, 
the  deformity  may  increase  in  spite  of  the  most  careful  tieatment. 

Statistics  regarding  the  mortahty  are  most  unrehable,  and  vaiy,  according 
to  chfl'erent  authors,  from  fifteen  to  twenty  per  cent.  Death  is  usually  the 
result  of  some  com[)lication  or  some  intercurrent  affection.  Tuberculous 
disease  of  liie  lungs,  accompanying  or  secondar}-  to  the  di.seaso  of  the  spine, 
and  tuberculous  meningitis  are  frenucnt  causes  of  deatli. 

The  changes  in  the  circulatory  apiiaratus,  due  to  compression  or  alteration 
of  the  shape  of  the  chest,  sometimes  lead  to  fatal  results.  In  those  cases  where 
death  is  not  directly  traceable  to  the  spinal  disease,  the  distortion  of  the  chest 
with  alteration  in  the  course  of  the  aorta  and  possibly  jiartial  obstruction  of 
this  vessel,  with  conseciuent  hypertrophy  (if  the  heart  and  incompetency  of 
the  valves,  leads  to  a  lessened  resisting  power,  and  hence  the  patient  succumbs 
under  the  strain  of  o\'erwork,  extra  fatigue,  or  moderate  illness.  The  largest 
number  of  deaths,  however,  in  the  opinion  of  the  author,  is  due  to  exhaustion, 
with  amyloid  changes  of  the  liver,  spleen,  and  kidneys  from  ]irolonged  sup- 
purative processes  caused  by  mixed  infections. 

The  introduction  of  aseptic  and  antiseptic  methods  in  the  treatment  of 
abscesses  should  reduce  the  mortality  of  Pott's  disease  nearly  one-half.  The 
opening  of  an  abscess  and  the  introduction  of  a  drain,  therein'  allowing  an 
abscess  cavity  to  become  infected  with  other  organisms,  or  the  spontaneous 
opening  of  an  abscess,  is,  as  Calot  very  aptly  says,"  an  open  door  through  which 
death  very  cjuickly  enters." 

The  length  of  time  recjuired  to  liring  about  a  cure  necessarily  varies  with 
the  extent  and  location  of  the  disease.  If  the  latter  is  diagnosed  in  the  veiy  - 
«arly  stage,  before  any  marked  destructive  ijrocesses  have  taken  place,  one  may 
hope  for  a  cure  in  one  year's  time.  If  the  disease  is  more  advanced,  the  general 
condition  (^f  the  patient  poor,  and  the  hygienic  surroundings  not  of  the  l)est, 
the  time  necessary  for  securing  a  permanently  fused  condition  of  the  bodies 
will  i)robal)ly  be  from  two  to  four  years. 
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Treatment.— Tlic  tri'iitmcnl  dl  tiilicrculnus  siKindyliiis  slioiild  \h-  ccnsi'lii-c'l 
from  two  stanii|)<iinls. 

First,  OIK' should  lake  into  (■(iiisidci-aliou  lliosc  forces  wiiicii  tend  toiiujirovi; 
tlu'  general  cohdilioii  of  the  paliciit,  liiu.--  inci'oasinjj;  his  |)o\vcr  of  iTsistance 
to  till'  titl)crcuioiN  iiifcrlioii,  and  al  llic  same  lime  niakiuf;'  an  unfa\'oral)l(' 
lodgiufi-ijlac'c  foi'  the  luhcrclc  hacilhis.  I'ndcr  this  licad  will  !"■  presented  tlie 
liyp;ienic,  (Hetetie,  and  inechcinal  treatment. 

In  thi'  second  place  consideration  should  he  jiiven  lo  the  nielhods  of  |iro- 
tectins;;  the  local  disease  pi'ocess  from  weiidit-liearinfi  and  mo\'ement.  thus 
tendinji  to  |ire\-ent  the  i;i'eater  deslruction  of  tissue,  with  inci'casini;;  defoi'mity 
and  loss  of  function,  t'lider  this  heail  v.ill  he  jiresented  the  mechanical  treat- 
ment. 

Hygikxic  MEASfRiis. — That  tlie  hulk  of  effort  lias  hithei'to  heen  expended 
in  (le\isinfi  \aried  and  \-arious  types  of  sup])ort  in  the  treatment  of  Pott's 
disease,  is  manifest  from  the  large  tuimher  of  such  supports  to  he  fouml,  and 
the  large  space  given  to  their  description  in  most  text -books.  That  too  little 
thought  has  been  given  to  the  general  or  constitutional  treatment,  until  recent 
years,  is  e(|ually  manifest  from  the  scant  notice  which  is  gi\-en  to  tliis  p;u1  of 
the  treatment  by  most  writers. 

It  has  been  the  practice  in  the  Hospital  for  Sick  Children  in  Toronto  to 
mo^'e  all  ca.ses  of  tuberculosis  of  the  bones  and  joints  to  the  Lakeside  IIosi)ital, 
on  the  shore  of  the  lake,  at  Toronto  Island,  as  early  in  the  year 'as  possible, 
usually  early  in  May.  The  patients  sleej)  on  the  broad  covered  piazzas,  practi- 
cally out  of  doors,  until  the  beginning  or  middle  of  October.  The  change  which 
takes  place  in  this  class  of  patients  is  most  noticeable.  Before  a  week  has 
been  spent  there,  the  appetite  begins  to  improve,  the  patient  develops  some 
color  in  the  cheeks,  he  increases  in  weight  and  must  inii'ease  in  resisting  power: 
as  the  acuteness  of  symptoms  begins  to  subside,  discharging  .sinuses  impi-ove, 
and  altogether  the  change  in  condition  is  most  marked.  Accurate  reconls  of 
weights  in  cases  of  tuberculous  disease  show  a  steady  gain  in  practically  all 
cases  under  these  conditions.  On  the  other  hand,  when  they  return  to  the 
city  hospital  for  the  winter  months  they  barely  succeed  in  holding  stationary 
the  gain  that  has  taken  place  dui'ing  the  summer. 

All  patients  suffering  from  Pott's  disease  shoukl  be  put  untler  the  best  hy- 
gienic surrounding.  In  ]jatients  of  the  wealthy  class  a  sun  room  should  be 
built  off  the  living  room,  where  the  iiatient  may  spend  most  of  the  day.  The 
bed  should  be  sufficiently  narrow  to  be  carried  through  the  doorway,  or  else  a 
cot  should  be  permanently  arranged  in  the  sun  room  so  that  the  patient  may 
be  transferred  on  a  stretcher  from  bed  to  cot.  In  case  the  room  is  unheated 
the  mattress  of  the  cot  should  be  kept  indoors  so  the  patient  may  not  be 
placed  on  a  cold  surface.  Under  less  auspicious  circumstances,  the  patient 
should  be  given  a  large,  airy  room  facing  the  south,  and  the  window  should 
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be  o])c'ii  as  nuK'li  as  possililc  to  insure  the  greatest  amount  of  fresh  air.  In  a 
general  or  private  liospital,  advantage  may  l)e  tatcen  of  roof  ganlens  or  other 
availalile  space  to  get  patients  as  much  as  possible  in  the  open  air. 

Daily  bathing,  with  eare  of  the  teeth,  mouth,  etc.,  also  assists  in  promoting 
the  general  improvem(>iit  of  the  jiatient. 

DiETf;Tic  Regimen. — As  in  tuberculous  disease  of  the  chest,  so  in  Pott's 
disease,  there  seems  to  be  an  increase  in  the  resisting  power  of  the  individual 
toward  the  tuberculous  infection,  with  an  increase  in  the  body  weight.  Hence 
in  these  cases  every  effort  shouKl  be  made  to  improve  the  nutrition,  and,  up  to 
the  digestive  capacity  of  the  i)atient,  the  diet  should  l)e  liberal. 

Milk,  cream,  butter,  fats,  with  eggs,  red  meats,  cereals,  and  milk  ]Hiddings, 
should  be  the  staple  foods;  and  in  cases  of  marked  malnutrition  the  peptonized 
foods  with  malted  milk  may  be  useful.  These  may  be  distributed  over  the  day, 
giving  three  full  meals  daily,  with  a  raw  egg,  eggnog,  cuj)  of  cocoa  or  bouillon 
between  meals,  and  maltetl  milk  at  Vietltimc.  Anacciu-ate  record  of  the  [jatient's 
weight  every  two  weeks  should  also  be  kejit. 

Medicixal  Treatment. — To  improve  the  appetite  the  l)itter  vegetable 
tonics  may  be  given  wlien  necessary.  Such  tissue-lniildirig  tonics  as  the  phos- 
phates and  the  glycero-phosphates  may  be  of  value.  To  render  the  soil  an 
undesirable  or  unfavorable  one  for  the  tubercle  bacillus,  the  arsenical  pre[)ara- 
tions,  and  especially  the  guaiacol  and  creasote  jirejiarations,  may  have  virtue  in 
them,  if  they  can  be  given  without  di.-tuii)ing  the  digestion.  If  the  patient  is 
anirniic,  iron  in  -various  forms  and  combinations  may  be  administered,  as  best 
suits  the  ca.-^e. 

Administration  of  Tuberculin. — As  a  po.ssibility  of  increasing  the  pa- 
tient's resisting  jjower  against  the  tuberculous  infection,  may  be  mentioned 
the  inoculation  or  vaccination  with  tuberculin  as  controlled  by  the  opsonic 
index. 

Sir  Almroth  Wright,  in  studying  the  subject,  discovered  tliat  the  phagocytic 
power  of  the  white  blood  cor]Aiscles  in  tul)erculosis,  as  in  many,  if  not  in 
all,  infectious  diseases,  is  dependent  upon  a  material  in  the  blood  serum  which 
tends  to  prepare  the  bacilli  for  assimilation  by  the  leucocyte.  This  material 
lie  called  opsonin  (i^'vooj,  I  prei)are  food  for).  Without  the  presence  of  this 
body  in  the  .serum  the  leucocytes  apparently  have  no  power  over  the  bacilli. 
As  an  e(|Uation,  leucocytes  +  bacilli  =  no  phagocytosis,  but  leucocytes  -)- 
bacilli  +  I)lood  serum  (op.sonins)  =  ])hagocytosis.  It  was  next  found  out 
that  the  opsonic  power  or  opsonic  index  of  the  blood  scrum  of  the  infected 
indi\-idual  could  be  estimated  comparatively  with  that  of  the  blood  serum 
of  a  normal  individual,  or  of  the  pooled  blood  of  a  number  of  individuals.  Thus 
a  record  could  be  kept  of  the  opsonic  power  or  resisting  power  of  the  individual 
from  time  to  time. 

The  next  step  was  the  attemjjt  to  increase  the  opsonic  power  of  the  in- 
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dividual  by  the  iiKiculatidii  of  tuliciTiiliii  in  the  case  of  tuberculous  infection,  or 
of  a.  sterile  cinulsiou  of  the  infcrti\c  (iroanisins  in  other  infections.  This,  in  a 
jicneral  way,  was  what  hai.)|ieiic(l.  ami  if  there  were  no  siile  issues  it  would 
appear  thai  one  of  tlie  iireatesi  adxances  of  recenl  years  liad  been  made  in  the 
ti'eatment  of  tulierculosis,  as  well  as  other  iiifeelious  diseases,  by  this  method. 

Unfortunati'ly,  the  jjroblem  is  not  yet  solved:  for,  following  the  inoculation 
and  ])receding  the  increased  resisting  power,  as  indicated  by  the  elevated  op- 
sonic index,  there  i.s  a  "negative  phase"  in  wliich  the  index  is  lowered,  and 
if  anothei'  inoculation  is  made  ihn-ing  this  stage  a  second  negative  phase  may 
be  superatldetl;  and  so  on,  negative  phases  following  negative  jjhases,  by  indis- 
criminate inoculation,  and  the  in<hviduars  resisting  power  may  thus  be  gradually 
lessened.  On  the  other  hand,  if  the  inoculations  are  properly  controlled,  and 
the  tuberculin  adiriiuistered  while  the  index  is  yet  I'ising,  the  resisting  power 
of  the  indi\iihial  may  be  increased. 

The  whole  story  is  not  yet  complete,  !iowe\er,  as  besides  these  controllable 
inoculations  the  individual  may  inoculate  hiiiiself  from  time  to  time  by  toxins 
being  set  free  into  the  Idood  stream  from  the  diseased  focus.  This  auto-inocu- 
lation may  be  the  residt  of  o\-er-activity  or  lack  of  quiet:  but  for  the  most  part 
it  is  an  uncontrollable  inoculation  which  may  come  at  a  very  inopportune  time 
and  tend  to  lower  resistance  while  an  attempt  is  being  made  to  increase  it. 

These  difficulties  may  be  surmounted  in  the  near  future,  and  it  does  seem 
as  if  we  are  on  the  eve  of  a  i-eA^olution  of  the  treatment  of  all  ird'ectious  diseases 
by  means  of  serumtherapy.  The  teclini(|ue  necessary  to  tletermine  and  record 
the  opsonic  index  is  too  intricate  to  l)e  detailed  here,  and  it  can  be  mastered 
only  by  those  interestetl  b}-  research  in  laboratories  where  pathologists  are 
doing  this  work. 

General  Principles  of  Mechanical  Treatment. — A  suggestion  of  the 
principles  which  should  underlie  the  mechanical  treatment  of  Pott's  disease 
may  be  obtained  by  a  careful  oliservation  of  an  acute  case.  In  the  normal 
spine  we  have  a  flexible  rod  tending  to  bend  forward;  and  the  superincumbent 
weight  of  the  head  and  upper  extremities  rests  upon  the  bodies  of  the  vertebra". 
Any  voluntary  bending  forward  must  increase  the  weight  on  these  bodies,  and, 
conversely,  any  backward  bending  will  diminish  the  weight.  In  the  diseased 
condition  of  the  bodies,  the  spontaneous  attitude  in  the  early  stage  is  found  to 
be  one  of  rigidity  with  backward  liowing  or  hyperextension  of  the  spine,  i.e., 
by  muscular  contraction  or  spasm  an  effort  is  made  to  splint  the  spine,  and  by 
hyperextension  to  afford  protection  to  the  iliseased  bodies. 

Any  mechanical  treatment,  therefore,  must  meet  these  two  requirements: 
immobilization,  more  or  less  complete,  and  protection  from  weigkt-bearing. 
It  is  finite  obvious  that  by  reason  of  the  surroumling  structures,  which  are  all 
more  or  less  elastic,  a  perfect  sjilinting  of  the  spine  is  impossible;  but  there 
may  be  obtained  a  sufficient   immobilization  to  permit  a  cicatrizing  osteitis 
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to  take  place  and  a  fusion  of  adjacent  bodies  if  a  large  destructive  process  is 
present. 

Recumbent  Treatment. — Obviously  the  simplest  and  most  efficient  method 
of  relieving  the  superincumbent  weight  is  to  place  th(>  jtatient  in  the  recuml)ent 
position.  It  is  not  sufficient,  however,  simply  to  "put  the  patient  to  lied,"' 
as  is  so  often  done.  The  recumbency  must  be  absolute:  and  during  the  entire 
time  of  treatment  the  patient  is  not  to  be  allowed  to  sit  up,  or  even  partially  to 
sit  up.  A  firm  mattress  with  a  stiff  woven-wire  spring  underneath  is  also  an 
essential.  If  the  sjii'ing  is  weak  and  the  mattress  soft,  the  patient  assumes  a 
{position  as  in  a  hammock,  and  consequently  the  bending  forward  of  the  spine 
is  permitted  and  |)ressure  is  not  relieved. 
A  fracture  board  or  piece  of  planed  l)oard 
about  one  foot  wide,  placed  lengthwis'.^  l)e- 
tween  the  mattress  and  the  springs,  will  sei've 
to  keep  the  patient  from  .sagging,  and  will  meet 
the  requirements. 

In  the  case  of  an  ailult  this  may  be  all 
that  is  necessary,  as  he  ran  l)e  trusted  to 
obey  instructions  and  will  remain  supine 
and  quiet,  thus  meeting  the  requiremi'nts  of 
protection  from  weight-bearing  with  quiet- 
ness of  the  spine.  As  the  l)ulk  of  patients 
suffering  from  Pott's  disease  are  children, 
some  method  of  horizontal  fixation  is  abso- 
lutely necessary,  for  as  soon  as  pain  and 
other  acute  symptoms  subside  the  child  can 
no  longer  be  expected  to  remain  fiuictly  on 
the  back  without  some  method  of  fixation. 
It  is  a  distinct  advantage  also  to  have  the 
recumbent  or  fixation  apparatus  separate 
from  the  l_)ed,  even  in  the  adult,  as  then  the 
patient  may  be  transferred  from  room  to 
room  or  taken  out  of  doors,  and  it  is  possible 
to  keep  the  bed  in  a  very  much  better  condi- 
tion. The  simplest  apparatus  for  fixation  of 
the  patient  in  a  recumbent  attitude  is  the 
Bradford  frame.  It  is  a  rectangular  frame, 
somewhat  longer  and  wider  than  the  patient, 
made  of  gas-pipe,  o\'er  which  a  can\'as  cover 
is  tightly  laced.  (Fig.  71.5.)  The  patient  is  fastened  to  this  frame  by  means 
of  a  binder  which  surrounds  the  body  and  is  fastened  to  the  can-\-as  lacing. 
An  ordinary  waist  answers  very  well  as  a  "tie-down,"  the  child's  arms  being 
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slipped  through  the  sleeves  or  ai'iiilets,  and  the  waist  ])iniied  above  the  shoul- 
ders and  at  the  sides  to  the;  canvas.  If  the  child  pulls  the  pins  out  th(>y  may 
be  pinned  from  the  under  surface  of  the  lacing.  At  the  Hospital  tnr  Sick 
Children,  Toronto,  an  attachment:  is  used,  devised  liy  Di'.  (lallie,  which  answers 
admirably  as  a  "tie-down.''  It  hooks  over  the  frame  on  either  .side  and  passes 
across  to  the  body,  then  upward  along  the  sides  and  crosses  under  the  neck  of 
the  patient.  (Fig.  715.)  Buckk-s  are  attached  to  this  cros.s-bar;  and  an  apron, 
which  ttts  over  the  child's  trunk,  is  fastened  to  the  buckles  by  means  of  straps. 
At  the  point  where  the  kyphus  rests  on  the  lacing,  <^blong  pads  of  felt,  six 
inches  long,  three  or  four  inches  wide,  and  in  the  neighborhood  of  one-half 
inch  in  thickness,  should  be  stitched  to  the  canvas  in  such  a  way  as  to  allow 
the  spines  of  the  ^'erteb^e  to  project,  the  pressure  ])eing  borne  by  th(>  trans- 
verse processes.  This  serves  the  double  purpose  of  protecting  the  skin  over 
the  kyphus  and  at  the  same  time  increasing  tlie  hyj)ei'extension  of  the  spine  by 
the  thickness  of  the  pads. 

If  the  disease  is  in  the  cervical  region  tlie  recumbent  attitude  does  not  re- 
lieve all  [iressurc,  on  account  of  the  forward  curve  in  this  region.  It  is  neces- 
sary with  the  fiat  frame  to  add  extension.  This  is  most  easily  accomi)lished 
by  means  of  a  weight-and-pulley  attachment  at  the  head  of  the  bed,  the  traction 
on  the  head  being  obtained  through  the  Glisson  chin-and-occiput  sling.    Count  er- 


FiG.  716. — Whitman  Frame,   Showing  H>'perextension  of  the  Spine  in  a  Case  of  C'ervieal  r*i^- 

easo.     (Starr.) 


extension   may  be   made   by  the   patient's   body  if   the   head   of    the  bed    is 
elevated  from  six  to  ten  inches. 

A  very  important  modification  of  this  frame  h.as  been  made  by  Whitman. 
The  frame  as  modified  is  much  narrower,  being  only  as  wide  as  the  patient's 
trunk,  the  shoulders  and  arms  resting  on  the  bed  outside  of  the  frame.  It  is 
also  bent  to  any  desired  extent,  so  that  the  greatest  point  of  convexity  of  the 
frame  comes  opposite  the  disease  point  in  the  spine.     The  patient's  spine  in 
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this  way  is  markedly  liypiTcxtcmlcd,  the  hculy  lying  over  the  ridge,  and  thus  a 
small  amount  of  extension  is  made  by  the  jjortions  of  the  spine  on  either  side 
of  the  ridge.  A  moderate  amount  of  sagging  of  the  canvas  at  the  maximum 
curvature  of  the  frame  lessens  the  discomfort  which  otherwise  would  he  very 
noticeable.  The  cm'\'e  or  Ixiwing  of  the  frame  may  be  moderate  at  first  and 
gradually  incn^ased  as  tlu'  ])atient  becomes  accustomed  to  the  position.  In 
the  cervical  region  the  bowing  of  the  frame  ma}'  be  made  extreme  so  as  to 
allow  the  head  to  tip ,  backward  to  a  marked  degree.     (Fig.   716.)     The  head 


Fig.    717. — Sliowing    Improveint'iit    in    Uffuniiity    after    Treatment.     OVIntman.) 


of  the  frame  may  lie  elevated  at  meal-time  to  allow  the  patient  more  easily  to 
feed  himself.  By  means  of  a  'Whitman  frame,  a  kyphus  under  atlecjuate  care 
should  not  only  not  increase,  but  should  recede  to  some  extent.     (Fig.  717.) 

Care  of  the  Patient  on  a  Frame. — A  patient  on  a  frame  which  is  placed  on  a 
gooil  mattri'ss  will  not  be  more  uncomfortable  than  on  an  ordinary  l:)ed.  There 
is  the  great  advantage  too  that  the  patient  may  be  moved  on  the  frame  so 
that  the  lied  may  be  made,  the  mattress  turnetl,  etc.  The  jiaticnt  should  be 
turned  on  his  side  each  day,  and  the  back  thoroughly  sponged,  then  rubbed 
with  alcohol  and  dusted  with  po\\der,  such  as  boric-acid  or  talcum  powder. 

The  canvas  may  be  fenestrated,  and  so  evacuation  of  the  bowels  obtained 
without  disturbing  the  patient,  by  simply  elevating  the  frame  and  placing 
a  receptacle  beneath.  A  slip  sheet  should  be  drawn  across  the  canvas  lacing 
to  cover  the  opening.  If  the  patient  is  wearing  a  diaper  care  should  be  exer- 
cised in  initting  it  on,  to  sli[)  it  under  the  pelvis  and  not  to  lift  the  pelvis  by 
grasping  the  feet,  as  is  ordinarily  done.  The  kyphus  may  increase  owing  to 
neglect  of  this  point  alone. 

The  objectionable  features  of  the  recumbent  i)laii  of  ti'oatnient  are  less- 
ened by  the  use  of  this  frame  and  the  ol)servation  of  these  i-ules.  AMth  the 
small  frame  a  child  may  be  dressed  by  fastening  the  clothes  around  the  frame, 
and  so  carried  to  the  open  air. 

All  acute  cases  should,  if  passible,  be  treated  in  the  recumbent  position  until 
the  acute  symptoms  subside;  that  is,  until  tlu'  flexibility  of  the  spine  has  re- 
turned and  there  are  no  pains  or  night  starts.  This  will  usually  mean  a  recum- 
bency of  from  four  to  six  months,  when  no  comjilications  are  present,  and  from 
six  to  eighteen  months  in  the  latter  case.     In  all  cases  it  is  probably  wise  to 
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apply  the  ambulatory  siipiKirl  lor  a  lime  lid'orc  tlie  ])atient  is  allowod  to  leave 
the  reciimbont  ])()sition. 

Otlicr  lyix'S  ol'  fixatinn  ajiparatu.s  may  lie  just  nunitioncil,  as  they  liave 
ncitlici'  the  efficiency  nor  tlie  simplicity  of  tlic  I'rainc  above  discussed. 

The  Phelp.s  heil  consists  of  a  shaped  frame  of  wood,  to  fit,  more  or  less  accu- 
rately, the  body  and  lower  extremities.  This  lias  an  outlying  rim,  and  is  padded 
well  with  felt  and  raw  cotton.  An  opening  at  the  perineal  i-egion  permits  of 
evacuation  of  the  bowels  without  disturbing  the  patient.  Tlie  child  is  main- 
tained in  the  bed  by  bandages  about  the  extremities  and  a  liimler  about  the 
body. 

The  wire  cuirass,  made  popular  by  the  late  Professor  Lewis  A.  Sayre,  is  a 
much  lighter  and  more  sanitary  apparatus.  It  consists  of  a  steel  frame  which 
outlines  the  patient's  entire  body,  and  to  this  is  interwoven  a  wire  screen  or 
network  hollowed  to  fit  the  contour  of  the  body.  It  is  nicely  jiadded  and 
the  jjatient  is  bandaged  to  it.  For  infants  the  writer  has  found  it  ver}-  satis- 
factory, as  the  child  may  be  enswathed  very  much  to  resemble  the  Indian 
pappoo.se. 

The  Gypsbeite  of  Lorenz  is  intended  to  fulfil  the  same  re(iuirements.  It  is 
made  of  plaster-of-Paris  liandages,  which  are  applied  to  the  liack  of  the  head 
and  trunk  of  the  patient  while  in  a  position  of  hyperextension,  either  in  a  ham- 
mock or  by  means  of  rolls  placed  under  the  forehead,  chest,  and  pelvis  while 
the  patient  is  lying  prf>ne.  This  plaster,  wlien  reinforced  and  padded,  makes 
a  half  jacket,  which  serves  very  well  to  keeii  the  siiiiie  at  rest  and  in  a  position 
of  hyperextension. 

Amhulatonj  Trcalment. — Treatment  by  means  of  ambulatory  supports,  to 
be  efficient  and  purposeful,  should  continue,  as  accurately  as  possible,  the  fix- 
ation of  the  spine  and  the  jirotet'tion  from  weight-bearing,  which  has  been  more 
thoroughly  carrieil  out  during  recumbency. 

All  supports  should  have  for  their  object  the  immobilization  of  the  .spine 
by  siilinting  it  with  non-flexible  material,  and  the  protection  of  the  bodies  by 
carrying  the  weight  backward  to  the  articular  process  liy  In-perextending  the 
spine. 

The  Pkister-of-Paris  Jacket. — The  plaster-of-Paris  jacket  is  at  once  the 
most  readily  avaikble,  easiest  of  application,  and  most  widely  used  of  all 
the  tj'pes  of  support;  and,  if  jiroperly  applied,  gives  equally  as  good  support 
as  au}^  other.  It  has  the  disadvantage  of  not  being  ca])alile  of  so  accurate 
adjustment  as  the  steel  support,  and  must  depend  for  its  effectiveness  on  the 
definite  moulding  of  it  to  the  contour  of  the  body.  It  has  the  advantage  of 
staying  where  it  is  put,  and  cannot  be  altered  or  removed  by  the  patient  or 
friends.  In  cases  of  latei'al  de\-iation  of  tJK'  s])ine  due  to  Pott's  disease  the 
plaster  jacket  is  to  be  preferred  to  the  steel  support. 

The  plaster  jacket  is  an  antero-postcrior  support,  and.  even  when   ai^jilied 
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with  the  child  suspended,  does  not  tend  to  keep  the  diseased  surface  apart  by 
distraction;  but,  if  apjihed  witli  tlie  s})iue  in  tlie  hyperextended  iiosition,  does 
tend  so  to  fix  it  tliat  the  weight  does  not  return  to  tlie  diseased  bodies. 

Application  of  Plaster  Jacket  by  Suspension. — Tlie  ,-^u^])ension  nietliotl  of 
application  of  the  plaster  jacket  was  introduced  by  the  late  Professor  Sayre. 
The  suspension  of  an  individual  by  a  pulley  arrangement  and  chin-and-occiput- 
sling  is  without  risk.  The  suspension  straightens  out  the  curves  of  the  spine 
and  tends  also  to  sti-aiglilcii  out  the 
kyphosis,  although  in  old  cases  the 
union  or  adhesion  of  the  diseased  sur- 
faces is  too  strong  to  be  separated. 

A  closely  fitting  seamless  shirt 
should  lie  put  on,  and  the  jiatient  sus- 
pended just  suthciently  to  raise  the 
heels  oft'  the  floor  or  surface  on  which 
he  is  standing.  The  toes  resting  on 
the  Hoor  will  stead}-  the  tnuik  and  at 
the  same  time  give  it  a  jiositiou  of 
hyperextension.  This  hyperextension 
may  be  exaggerated  to  any  degree  by 
an  assistant  holding  the  hips.  (Fig. 
718.)  The  easiest  position  in  which  to 
work  satisfactorily  is  to  have  the  i^a- 
tient  standing  on  a  stool  with  the  op- 
erator seated  behind  and  an  assistant 
in  front.  The  l)andages  shduld  be 
made  of  starch-sized  crinoline  or  liook- 
binder's  muslin  with  dental  plaster 
rubbed  into  its  meshes,  and  shoukl 
be  about  four  inches  wide.  If  the 
crinoline  contains  glue  or  dextrin  it 
will  retard  its  setting  or  may  prevent 
it  altogether  from  getting  sufficiently 
liartl  to  act  as  a  support.  If  no  other 
material  is  obtainable,  the  glue  or 
dextrin  may  be  washed  out  and  the 
crinoline  afterward  dried  and  made 
into  bandages,  forming  the  so-called  "washed  bandages,"  which  set  very  rapidly. 

A\'ith  the  patient  properly  suspended  the  bandage  is  started  smoothly  and 
snugly  around  the  pelvis,  and  several  turns  are  applied  here,  each  turn  being  well 
rubbed  into  the  previous  one,  so  as  to  get  a  firm  liase  of  support.  The  band- 
ages are  continued  evenly  up  the  trunk  until  from  four  to  five  layers  are  applied, 


Fig.  7 is. — Patient  Suspended  by  Cliin  and  Occi- 
put Sling,  so  that  Heels  arc  just  off  tlie  Floor. 
Seamless  shirting  in  place  with  pads  to  protect 
bony  prominences.  The  "scratchcr"  may  be 
seen  inside  the  shirting  extending  above  and 
below.     (Starr.) 
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iiiuking  a  uiiil'ona  lliickiic.s.s  of  three-sixteenths  to  oiic-lninih  of  an  iucli.  Tlie 
jacket,  to  get  the  fullest  measure  of  support,  sliould  na<'li  in  front  from  the 
strriial  iiolch  III  the  pulies,  and  liehnul  from  tlic  niidscapiilar  region  to  the 
cleft  of  thr  huttocks.  While  the  plaster  is  ilrvini:,  if  the  jiatient  is  not  over- 
tired, the  jacket  may  lie  trimmed.     It  should  lie  cut  with  a  shar])  knife  evenly 


Fig.  719. 


Fig.  720. 


Fig.  719. — Plaster  .Jactcet  Applied.  Showing  Method  of  Trimming  before   Sliirting  is  Turned  up 
over  Outside.     (Starr.) 

Fig.  720. — Completed  Jacket;   Shirting  Turned  up  and  Stitched  along  Upper  Border.      (Starr.) 


across  the  front  and  back  with  a  dip  at  the  sides  sufficiently  low  to  allow  the 
arms  to  come  to  the  side  of  the  body  without  undue  pressure.  At  the  bottom 
a  slight  concavity  may  be  cut  on  either  side  of  the  middle  line  to  allow  of  the 
flexion  of  the  thighs;  at  the  same  time  the  plaster  should  reach  sufficiently 
low  to  cover  the  entire  abdomen  so  as  not  to  allow  an>-  iirotrusion  below. 
(Fig.  719.)  The  writer  has  seen  several  cases  of  hernia  undoubtedly  due  to  neg- 
lect of  this  precaution. 

After  the  child  is  removed  from  the  suspended  position,  tlic  shirt  may  be 
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tunicil  up  over  thc>  jai'kct  ami  stitched  to  the  portion  left  above  after  the  jacket 
is  trimmed.  (Fig.  720. ~)  The  patient  should  remain  in  the  I'ecumbent  ))osition 
for  half  an  hoiu'  until  the  plaster  has  hardened  thoroughly.  ( )ne  of  the  dis- 
comforts of  the  solid  support  may  be  lessened  by  ])laeing  a  strip  of  bandage 
lengthwise  beneath  the  shirt,  next  to  the  skin,  to  act  as  a  cleanser.  (Fig.  718.) 
By  sprinkling  alcohol  on  this  strip  of  bandage  and  sawing  it  up  and  down  a 
substitute  for  a  l>ath  is  obtained.  This  cleanser  may  be  reneweil  at  any  time 
by  stitching  a  new  striji  to  the  end  of  the  old  one  and  pulling  it  through. 
The  ends  should  be  tied  together  to  prevent  its  becoming  dis|ilaced. 

Application  of  Jacket  in  Hummocl:. — If  for  any  reason  it  is  undesiraljle  to 
suspend  the  patient,  a  jacket  may  be  put  on  with  the  child  lying  face  down- 


FiG.  721. — Forked  Support  for  Application  of  .laclvct  in  Recumbent  Position. 


ward  in  a  hammock;  the  hyperextension  of  the  spine  being  increased  to  any 
extent  by  the  sagging  of  the  hammock.  A  canvas  or  cotton  hanunock  cloth 
may  be  attached  to  the  ends  of  a  gas-pipe  frame,  similar  to  the  frame  of  a  Brad- 
ford stretcher.  In  order  to  obtain  the  desired  tension  on  the  hammock  the 
cloth  may  be  attached  to  a  windlass  arrangement  at  one  end.  The  |)atient 
is  placed  face  downward  on  the  cloth,  which  has  an  opening  cut  in  it  to  allow 
the  lower  part  of  the  face  to  protrude,  and  slits  are  cut  longitudinally  in  the 
cloth  along  the  sides  of  the  body  from  the  axilla  to  the  peh-is.  The  portions  of 
the  hammock  outside  the  slit  should  be  cut  away  or  fastened  to  the  sides  of 
the  frame  by  means  of  a  bandage.  After  the  kyphus  and  other  bony  promi- 
nences have  been  padded  the  plaster  bandages  are  applied  around  the  patient, 
including   the   hammock,    from    jjclvis   to   axilla,    until  sufficient    thickness   is 
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oljlaiiu'il,  wiicn  tlic  jilastcr  may  he  ti'ininicd  .in  a  sijiiilar  uianner  as  after  its 
applicaticiii  hy  susijcnsion. 

Tt  will  !)('  ()l)\-i()us  1(1  any  one  applyin.u;  a  jacket  in  this  way  tliat  it  will  bo 
nnicli  more  satisfaetory  when  the  tlisease  involves  the  lower  dorsal  and  linnhar 
region  than  when  it  is  located  in  the  upper  dorsal,  as  it  is  quite  impossible  to 
fit  the  plaster  accurately  to  the  upper  part  of  the  chest  in  this  latter  ])osition. 

Application  nj  JacL-cl  irllh  Paiieiit  Li/i/n/on  His  Back. — The  flexible  bars  on  the 
forked  upright  suggested  by  Goldthwait  and  the  recumbent  kyphotone  of 
R.  Tunstall  Taylor  were  devised  to  allow  of  the  application  of  plaster  of  Paris 
more  accurately,  while  the  sjjine  is  markedly  hyjjerext ended,  than  is  possible 
by  any  other  nicthod. 

A  portable  apparatus  which  accomjilishes  the  same  purpose  is  shown  in 
Fig.  721.     Tt  consists  of  a  steel-framed  suit-case,  which  may  be  used  as  a  jielvit; 


Fig.    722. — Patient    in    Position    on    Forked    Sujiport :     Spine   Hyperextcnded.      (Starr.) 

rest  and  in  which  may  be  carried  plaster  liandages,  stockinette,  i.)laster-kni\-cs, 
and  other  necessaries  for  the  ai^plication  of  jilaster  of  Paris,  as  well  as  the  adjust- 
able forked  upright  on  which  the  patient  is  supported.  After  the  seamless 
stockinette  or  shirting  is  apphed,  the  upright  is  adjusted  by  means  of  the  thumb- 
screw to  such  a  height  as  to  produce  the  desired  amount  of  hyperextension, 
the  pelvis  meanwhile  resting  on  the  suit-case  and  the  head  supported  on  a  box 
or  pillow.  (Fig.  722.)  A  small  steel  plate  well  paddetl  with  piano  felt  is  ar- 
ranged on  each  fork  of  the  upright  so  that  they  fit  accurately  the  kyphus, 
making  pressure  on  the  transverse  processes  and  allowing  the  spinous  processes 
to  project  between.  With  the  patient  in  this  i)osition  the  jacket  may  be  ap- 
plied as  in  the  suspension  method,  but  the  jiosture  allows  of  nuich  more  accu- 
rate moulding  of  the  plaster  about  the  upjx-r  end  of  the  sternum  and  shoul- 
ders as  well  as  about  the  pelvis.     (Figs.  721  and  722.) 

The  padded  plates  are  incorporated  in  thepla.ster;  and  when  the  jacket  is 
sufficiently  hanl  to  allow  of  the  patient's  removal,  he  is  lifted  off  the  fork  and 
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placed  with  a  folded  pillow  under  the  hyperextendcd  baek  until  the  plaster 
is  quite  tirm.  It  is  trimmed  in  the  usual  way,  the  pins  which  held  the  padded 
plates  being  nipped  off  with  pliers,  and  the  small  opening  over  the  plates  filled 
with  plaster  cream. 

If  the  disease  is  in  the  region  of  the  fourth,  fifth,  or  sixth  dorsal  vertebra 
it  is  wise  to  include  the  shoulders  in  order  t(j  keep  the  backward  pressure  at 
as  high  a  point  as  possible.     (Fig.  723.) 

The  Minerva  Jacket.— X  patient  with  cervical  or  high  dorsal  Pott's  disease 
should  have  the  liead  included  in  any  apparatus  in  order  to  secure  fixation  of 


Fig.  723. — Jacket  Incurpunitiiig  Shoulders  fur  Tuberculous  I")ibea.se  of  Thirti  to  Sixth   r)orsal  ^'er- 

tcbra-.    (Starr.) 


the  diseased  area  and  to  obtain  the  necess.'U'y  hyperextension.  (Fig.  7.4.)  Tliis 
form  of  jacket  is  most  readily  put  on  in  tlie  recumbent  position  on  the  back. 
The  plaster  should  support  the  occijiut  and  grip  the  forehead.  The  top  of  the 
head,  the  ears,  and  face  are  left  free,  and  the  oi)enings  are  nicely  trimmed 
around  the  edges.     (Fig.  725.) 
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The  J'la.sler  Corset. — In  convalescent  cases  or  in  cases  where  a  sinus  exists, 
a  removable  corset  maybe  made  by  cutting  the  jacket  down  the  centre  before 
it  is  comiilelely  hard,  l^efore  Ihc  plaster  is  applied  a  strip  of  sheet  tin  may 
be  placed  down  the  centre  of  the  body  so  that  in  cuttinii'  the  plaster  down 
there  is  no  danger  of  injmy  tn  the  patient.     The  jacket  is  remo\cd  liy  spread- 


I'lG.  724.  Fig.  72.5. 

Fig.  724. — Miufr\'a  Jacket  for  Dise.i.so  of  Cervical  and  Upper  Dorsal  \'crtebra'.      (Starr.) 
Fig.  725. — Side  View  of  Minerva  Jaclcet.     (Starr.) 

ing  the  edges  and  slipping  it  around  to  the  side  so  as  to  get  it  off  from  the  side. 
It  is  then  dried  for  twenty-four  hours,  a  shirt  is  put  over  the  outside  and  stitched 
to  the  edges,  and  then  a  series  of  hooks  attached  to  a  leather  stra])  is  stitched 
to  the  adjoining  edges  to  allow  of  its  being  laced  up.  It  is  put  on,  while  the 
patient  is  suspended,  by  reversing  the  procedure  of  removal.    (Fig.  726.) 
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,Steel  Supports. — The  various  steel  supports  have  for  their  object  the  fixa- 
tion, as  completely  as  i)ossible,  of  the  si)ine.  Of  all  the  aiipliances  sugo;cstcd. 
the  steel  brace  devised  by  Dr.  C.  F.  Taylor,  of  New  York,  is  jirojiably  the  most 
efficient  as  well  as  the  siini.)lest.  It  is  an  antero-posterior  suiiixirt,  haxing  a  fixed 
point  at  the  pelvis.  The  pelvic  band  may  be  a  flat  band  of  steel  passing; 
around  the  pelvis  just  between  the  crest  of  the  ilium  and  the  ti])  of  the  tro- 
chanter, and  encircling  a  little  more  than  the  posterior  half  of  the  jjclvis,  or  it 
may  l)e  in  the  shajie  of  an  inverted  U, 
the  arms  reaching  downwaid  as  far  as 
possible,  and  allowing  tiie  patient  to  sit 
tlo\A7i.  The  front  half  of  the  i)elvic  band 
may  be  made  as  a  leather  belt,  or  tlu' 
lower  .end  of  the  ajiron  which  covers  the 
abdomen  may  l)e  attacheil  to  the  ends 
of  the  band.  From  this  fixed  band  two 
non-flexible  steel  uprights  ppss  upward  on 
cither  side  of  the  spinous  processes  to  the 
vertebra  prorninens,  where  the}-  end  by  1  ic- 
ing riveted  to  a  short  cross-band  of  steel. 
Over  the  kyphus  a  special  pad  is  attached 
to  the  ui)rights  to  make  adequate  pressure 
over  the  diseased  area  and  at  the  same 
time  to  protect  the  skin.  From  the  cross- 
bar at  the  top,  two  shoulder  pads  rise 
over  the  shoulder  on  either  side  of  the 
neck.  (Fig.  727.)  The  Iiody  is  fastened 
into  this  support  by  means  of  an  apron 
which  is  attached  to  tlie  shoulder  pads, 
and.  l\v  means  of  wdibing  straps  around  the  chest  and  margin  of  the  ribs,  to 
tlie  uprights. 

The  difficulty  of  holding  the  U|>i)er  part  of  the  trunk  firmly  back  to  the 
support  has  been  recognized,  and  many  suggestions  have  been  made  to  over- 
come it.  AMiitman  has  an  additional  pad  placed  over  the  head  of  each 
humerus.  These  pads,  which  are  joined  together  by  a  steel  or  hard-rubber  bar, 
are  fastened  to  the  shoulder  ])ad  on  toi)  and.  liy  means  of  axillary  bands,  to  the 
u])rights.  In  the  Hosjfital  for  Sick  Chiklren,  Toronto,  a  similar  device  is  used, 
but  it  is  attached  to,  and  made  part  of,  the  apron.  (Fig.  728.)  It  is  obvious 
that  to  be  efficient  this  support  must  be  accurately  fitted.  A  tracing  of  the 
spinous  processes  isniade,  Ijy  means  of  a  lead  tape,  the  patient  meanwhile  lying 
on  his  face.  This  gives  the  mechanic  a  guide  to  the  shape  of  the  uprights.  After 
the  support  is  made  in  the  rough  it  should  be  fitted,  any  alterations  being 
easily  made  with  wrenches  liy  the  surgeon  himself.     The  patient  should  never 
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Fig.  726.— Plaster-of-Parisfursft.   (Starr.) 
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l)c  tui'n(>(l  over  Id  mh  iiifitiumcnt  maker  (o  furnish  a  svipiMrt,  as  a  tliornup;h 
knowlf'djjjc^  of  tlic  aiintoiiiy  and  the  ])atliol()i;y  of  the  disease  is  necessary  to 
its  perfect  adjustment.  Tiie  siipport  should  l)e  worn  (hiy  and  night.  It  sliould 
!)('  removeii  once  a  day  with  the  patient  lyinii'  on  iiis  face  or  side,  wlien  the 
hack  sliouid  l)e  hatlied,  ruhhed  with  alcohol,  ami  powdei'ed  with  talcum  powder. 
If,  in  spite  of  this  care,  the  liack  gets  chafed  and  sore,  the  splint  must  bo  re- 
moved and  the  patient  kejjt  recumbent  for  a  few  days  until  the  sldn  is  liealed. 


Fig.   727 


-Taylor  Spinal  Support  Api^lied.      (St.arr.) 


The  patient  should  be  seen  at  intervals  and  the  s{)lint  I'cadjusted  when 
necessary,  as  the  growth  of  the  child  or  the  increase  or  recession  of  the  de- 
formity would  naturally  cause  a  misfit. 

Head  Supports;  Jury-mast. — The  maintenance  of  protection  and  fixation 
is  very  much  more  difficult  when  the  disease  is  in  the  cervical  or  upper  dorsal 
region,  as  some  method  of  supporting  the  head  must  be  introduced.  With 
the  plaster-of-Paris  support,  instead  of  the  Minerva  headpiece,  a  jury-mast 
may  be  attached.  (Figs.  729  and  730.)     It  is  made  of  a  piece  of  band  steel  in- 
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corporated  into  the  jacket  Ix'hinil,  and  t'xtendiiig  upwani  dvcrtlic  head,  with  a 
cross-bar  fixed  at  tlie  end.  To  the  cross-bar  a  eiiin-aiid-oeeiijut  sling  is  at- 
tached, and  when  tlie  side  straps  are  tightened  a  fair  suspension  of  the  liead 
is  obtained.  Tlie  jury-mast  is  difficult  of  accurate  adjustment,  if  is 
very  unsightly,  and  altogether,  if  is  not  a  ^-ery  satisfactory  method  of  sup- 
porting the  head.  The  fixation  also  produced  by  this  ty|>e  of  support  is 
not  adequate,  although  the  results  obtained  with  careful  watching  are  very 
satisfactory. 

A  greater  degri'c  of  fixation  may  l)c  produced  by  making  the  cross-bar 
stationary.  This  should  bi'  done  if  the  disease  is  in  the  cervical  region,  luit 
is  unnecessary  if  the  disease  is  in  the 
dorsal  region.  When  accurately  ad- 
justed the  spring  should  reach  nearly 
t(i  the  frontal  region  or  to  a  point  just 
in  front  of  the  ears.  The  supp(.irting 
shng  should  ha\'e  the  chin  straps  tight- 
ened sufficiently  to  tilt  the  chin  slightly 
upward  and  extend  the  sjjine. 

Occipital  Support.  —  With  the  plas- 
ter jacket  or  a  Ta}lor  spinal  support 
as  a  base,  a  band  of  steel  may  be  car- 
ried closely  up  the  liack  of  the  neck 
and  head  to  the  occipital  protuberance 
with  a  U  steel  liand  attached  to  its 
upper  end,  r(>aching  forward  to  the  ex- 
ternal angular  process  of  the  frontal 
bone.  This  occipito-frontal  band  is 
completed  with  a  leather  strai),  anil, 
if  the  upright  bar  's  I^ent  fmckward, 
fixation  and  extension  may  be  .satis- 
factorily ol )t ained.  (Figs.  731  and 732. ) 
If  the  patient  is  difficult  to  control,  ad- 
ditional firmness  is  secured  by  rumiing  p-,,,.  72s.-  Anterior  view  of  Taylor  Spinal 
another    steel    band    from    the    nape   of       Supimrt.      Showing  apron  and   shoulder  pad.s. 

fiStarr.) 

the   neck   obliquely    upward    ovi'r    the 

mastoid  processes  to   join  the  horizontal  steel  band  at  its  anterior  ends.    A 

chin  strap  may  also  be  added  if  thought  desirable.  (Fig.  733.) 

Taylor  Chin  Cup. — The  head  sup])ort  suggested  as  an  addition  to  the  Taylor 
spinal  brace  consists  of  an  oval  ring  of  flat  steel,  hinged  at  one  side  and  ha\ing 
a  catch  lock  on  the  other,  so  that  it  maybe  fastened  around  the  neck.  (Fig.  734.) 
This  ring  is  attached  to  the  upi)er  end  of  the  ordinary  steel  support  by  means 
of  a  ball-and-socket  joint.     To  the  anterior  portion  of  the  oval  ring  is  fitted  a 
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hanl-ruljbor  or  I'iulded-aluniimiin  cliiii  cup,  into  which  the  chin  .'^inlv.s.  By 
means  of  tlic  l)a]l-aii(l-s()ckct  joint  at  the  bade  any  desired  elevation  of  the  chin 
may  be  obtaincfl.  This  support  can  be  made  to  carry  out  the  principles  laid 
diiwn  for  llic  ti'catmcnt  nf  disease  of  tlie  spine  and  is  certainly  much  more 
graceful  in  appearance  than  the  jury-mast.    (Fig.  735.) 

Tf  it  is  worn  for  agi'eat  lengtii  of  time  it  causes  a  recession  of  the  chin  and 
gives   a   \ery  weak   expression  to  the  child's  face.     It  is  difficult  also  to   pro- 
tect the  skin  of  the  chin,  as,  wlien  eat- 


FiG.  729. 


Fig.  730. 


Fig.  729.— Plaster  Jacket  with  Jury-mast.      (Starr.) 

Fig.  730. — Posterior  View  of  Jacket  with  Jury-mast.      (Starr.) 


ing,  the  food  and  drink  tend  to  run  down  into  the  cup,  and  a  chafing  or  excori- 
ation of  the  chin  results. 

Thomas  Collar. — A  collar  made  of  leather  and  stuffed  with  dry  sawdust 
was  introduced  by  Thomas  of  Liverpool.  It  is  made  of  soft  leather  sufficiently 
wide  so  that  when  stuffed  it  will  rest  upon  the  clavicles,  sternum,  and  muscles 
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of  the  neck  below,  and  support  the  chin  and  head  above.     To  gi\-e  a  large  meas- 
ure of  support  it  must  be  rcpaddetl  from  time  to  time. 

I'oropkistic  Collar. — At  the  Hospital  for  Sick  Cliiklren,  a  support  is  used 
which  i-csts  upon  the  slioulders  below,  and  supports  tlie  cliin  and  occiput  above. 
It  is  made  l\v  cutting,  out  of  poroplastic  material,  a  shape  wliicli  will  fit  as 
a  cai)e  over  the  shoulders  and  about  the  neck.  This  is  heated  in  the  oven,  and 
then,  while  soft,  it  is  moulded  about  the  neck  and  shoulders  of  the  patient  over  a 
shirt  so  as  to  prevent  a  burn.  It  is  subsequently  trimmed  and  bound  around 
the  edges,  the  inside  being  padded  if  so  desired, 
and  a  lacing  made  up  in  front.  A  chin  cup  is 
supported  from  two  uprights  at  the  front,  these 
uprights  being  adjustable  to  any  height  by 
means  of  a  thread  and  thumb-screw.  An  oc- 
cipital support  is  fastened  to  a  single  upright 
behind,  which  may  be  jointed  to  facilitate  its 
apphcation.    (Fig.  73G.) 

Corsets. — Corsets  of  other  material  than 
plaster  of  Paris  may  be  used.  The  leallier 
corset  has  the  atlvantage  of  being  more  dura- 
ble. It  is,  however,  more  difficult  to  make  and 
much  more  expensive,  and  is  difficult  to  make 
so  that  it  will  not  creak  on  movement.  A 
plaster  jacket  is  applietl  in  the  usual  way,  and 
when  partiallj'  hartlened  it  is  cut  off  and  then 
banelaged  together.  From  this  mould  a  cast 
is  made  by  filling  it  up  with  plaster.  About 
the  cast,  light  sole  leather,  previously  soft- 
ened by  soaking  for  twenty-four  hours  in  water, 
is  stretched  and  tacked.  It  is  allowed  to  dry 
and  then  it  is  trinnned,  holes  are  punched  in 
it  to  make  it  jjorous,  and  hooks  are  fastened 
along  the  edges  in  front  to  lace  it.  The  jacket 
hartlens  as  it  dries  and  becomes  very  firm.  The  stiffness  ma>'  lie  increased  by 
painting  it  with  two  or  three  coats  of  shellac. 

The  celluloid  corset  is  very  light,  and  clearly  would  make  an  itleal  support 
if  it  could  be  easily  handled.  The  celluloid  is  obtained  in  sheets  and  must  be 
n)oulded  over  the  cast  while  very  hot,  after  soaking  in  hot  water.  To  protect 
the  hands  of  the  operator,  rubber  gloves  may  be  worn.  After  it  has  dried,  holes 
are  ])uiichod  in  it,  and  it  is  completed  in  the  same  manner  as  the  leather  jacket. 
This  corset  warps  very  easily  and  thus  readily  loses  its  shape.  It  is  also  very 
inflammal)le. 

iroo(/-/(?/reand  paper  corsets  are  also  made,  but  have  not  sufficient  advantages 


Fig.  731. — Occipital  Suiiport  Attached 
to  Taylor  Spinal  Brace.      (Starr.) 
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iiiio  or  energy  necessary  to 


over  the  jilaster  to  warrant  one  in  spending  tlu 
make  them. 

Choice  of  a  Support.— In  tliecluiice  of  asu|>|)orl  tiie  matter  of  expense  sliould 
be  considered.  The  jjlaster-of-Paris  jacket  is  the  cheapest  form  of  support 
that  can  be  made.  If  the  i)atient  is  not  hkeiy  to  receive  careful  attention,  a 
soHd  plaster  jacket  is  the  support  which  can  be  least  meddled  with,  and  re- 
quires the  least  care.  If  the  parent  of  the  patient  can  be  trusted  to  care  for 
it   a  steel  support  carefully  fitted  gives  the  best  and  most  comfortable  support. 
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Fig.  733. 


Fig.  732. — Occipital  Support  for  Disease  of  Vertebra?  in  Cervical  Region.     (Starr.) 

Fig.  733. — Showing  Fixation  of  Shoulders  and  Extension  of  Spine:    with  frontal  .strap.      (Starr.) 

It  allows  of  better  care  Ix'iug  taken  of  the  skin.  The  skill  of  the  operator  must 
also  be  considered.  Some  surgeons  cannot  succeed  in  putting  on  a  well-fitting 
plaster-of-Paris  jacket.  The  deformity  increases,  pressure  sores  result,  and 
the  whole  affair  is  a  general  misfit.  The  writer  has  seen  a  poor  weak  child 
suffering  with  Pott's  disease  afflicted  with  the  additional  burden  of  carrying 
around  a  band  of  plaster  nearly  three-quarters  of  an  inch  in  thickness  and 
reaching  only  from  the  nipple  line  to  the  crest  of  the  iUum.  This  type  of  jacket 
only  blinds  the  eyes  of  the  i^arents,  deludes  the  surgeon  into  thinking  that 
something  is  being  done,  and  in  the  end  is  harmful  to  the  little  sufferer. 
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When  In  Discontinue  Supports. — It  is  most  important,  and  al.so  most  diffi- 
cult, to  know  when  a  spinal  support  may  be  safely  discontinued.  Some  general 
principles  may  be  laid  down  which  will  be  of  assistance  in  deciding  tliis 
c|uestion.  In  any  case  of  undoulited  Pott's  disease  the  treatment  should  not 
be  discontinued  within  one  year.  If  the  disease  is  more  extensive,  particu- 
larly if  accompanied  l»y  aliscess  formation  or  paraplegia,  treatment  should  he 
continued  for  probably  three  years,  ^^'hen  no  abscess  exists,  when  all  muscular 
s]-)asm  has  subsided  as  determined  by  the  hyperextension  of  the  back  b}-  ele- 
\ating  the  feet  when  the  patient  is  prone 
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Fig.  735. 


Fio.  734. — Taylor  Chin  Cup  for  Si:pport  of  Head  in  Disease  of  Cervical  Vcrtpbra?.      (Starr.) 
Fig.  73.5. — Chin  Support,  with  Taylor  Brace.      (Starr.) 


upon  the  talile,  when  no  pain  is  present,  and  at  least  a  year  has  elapsed  since 
treatment  was  started.,  then  the  support  may  be  gradually  left  ot^',  the  patient 
being  carefully  watched  from  day  to  day  and  symptoms  noted. 

The  support  might  be  left  off  at  night  for  a  time  and  worn  in  the  daytime, 
and  then  gradually  left  off  for  a  longer  and  longer  part  of  the  day,  and  finally 
discarded  altogether.  AMien  the  support  is  reapplied  the  position  of  the  patient 
shoukl  be  similar  to  that  in  which  he  was  when  the  support  was  first  put  on; 
otherwise  proper  support  will  imt  be  had  and  discomfort,  possibly  pain,  may 
result,  and  lapse  of  deformity  may  take  place. 
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If  cxaminatioii  of  I'lc  spine  shows  tliat  tliore  is  incroasin<r  llcxihiiity  and 
i'rcciloni  of  niovenient  from  day  to  day  and  week  to  week  without  pain  or  dis- 
comfort, then  the  patient  may  he  considered  safe.  If,  however,  the  move- 
ment of  the  spine  becomes  more  hmited  as  time  goes  on  and  there  is  complaint 

of  weakness  and  ])ain.  then  it  is  apparent 
that  tlie  support  has  been  left  (jfl'  too  soon, 
and  it  should  be  replaced. 

Tr?:ATMEXT    of    Co:\iPLICATIONS. 

Treatmkxt  of  Tuberculous  Abscess. 
— Expectfuit  Treatment. — It  is  well  known 
that  if  properly  treated,  a  certain  proportion 
of  abscesses  disappears  in  patients  suffer- 
ing with  a  tulierculous  bone  lesion.  The 
lluid  portion  of  the  abscess  is  absorbed  and 
the  caseous  matter  left  becomes  eiicap- 
suled,  and  all  evidence  of  abscess,  except 
some  fil)rous  thickening,  disappears.  .This 
being  the  case,  it  certainly  is  the  part  of 
wisdom  to  watch  all  abscesses,  while  at 
the  same  time  the  spinal  lesion  is  ade- 
(juately  protecteil  and  the  general  condition 
of  the  patient  is  built  U|j  by  out-of-door  life,  abundant  and  nutritious  diet, 
and  general  tonics  of  tissue-buikling  type. 

In  this  connection  the  writer  feels  justifietl  in  making  the  statement  that 
all  tuberculous  bone  lesions  with  abscess  formation  can  be  more  efficiently 
treated  in  the  recumbent  position  than  by  any  ambulatory  plan,  and  it  has  be- 
come the  custom  here  to  put  such  patients  in  the  recumbent  position  with 
absolute  fixation,  in  the  hope  that  the  abscess  will  be  absorbed. 

The  question  next  aiising  is,  what  symptoms  will  warrant  one  in  giving 
up  the  expectant  plan  and  resorting  to  more  radical  measures.  The  most 
significant  symptom  will  l)e  the  steady  increase  in  the  size  of  the  abscess  in 
spite  of  general  and  protective  treatment.  If  the  abscess  does  enlarge  it  does 
not  necessarily  mean  that  the  bone  lesion  is  getting  more  extensive  and  that 
the  increased  abscess  content  is  due  to  bone  debris.  On  the  contrary,  we  know 
that  the  bone  focus  is  often  quiescent,  and  that  the  increased  size  of  the  abscess 
is  due  to  invasion,  by  the  tubercle,  of  the  soft  tissues,  the  breaking  down  of 
which  forms  the  bulk  of  the  abscess  contents.  This  invasion  of  soft  tissue  is 
often  more  difficult  to  get  rid  of  than  the  original  focus. 

The  line  of  least  resistance  is  followed  by  the  gradually  increasing  mass 
and,  eventually,  it  will  work  to  the  surface. 


Fig. 


736. — Chin  Suiipoi  t.  with  Poroplastic 
Collar.       (Starr.) 
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Thi.s  is  the  crucial  point  in  the  consideration  of  the  treatment  of  these 
abscesses.  If  the  abscess  be  allowed  to  open  spontaneously  it  will  of  course 
become  infected  xvvy  quickly  with  septic  organisms,  and  we  then  have  the  danger 
element  which  we  are  anxious  to  avoid.  On  the  other  hand,  if  the  abscess  bva-row 
too  close  to  the  skin,  one  of  two  things  may  happen — the  abscess  may  become 
infected  with  organisms  from  the  hair  follicles  or  sweat  glands,  or  the  skin 
itself  may  becomi*  invaded  witii  the  tuberculous  disease. 

The  jioint  especially  to  l)e  emphasized  is  that  surgical  interference  should 
take  place  before  either  possibility  Ijecomes  a  fact. 

Aspiration. — There  are  a  number  of  favorable  features  aliout  tliis  plan: 
It  can  be  resorted  to  without  an  anffisthetic  and  the  shock  of  an  operation,  it 
minimizes  the  possibility  of  mixed  infection,  it  lessens  tension  in  the  sac  and 
thus  reduces  the  tendency  to  extension  of  the  abscess. 

There  are,  however,  a  number  of  disatlvantages.  It  withdraws  only  the  lii[uid 
portion  of  tlie  contents,  and  the  subseciuent  action  of  the  bacilli  or  toxins  causes 
a  licjuef action  of  the  caseous  material,  so  that  the  process  must  be  repeated, 
sometimes  on  several  occasions.  A  second  objection  is  that  very  frequently 
the  needle  plunges  into  a  caseous  mass  and  at  once  becomes  plugged,  and  the 
result  is  a  "dry  tap."  It  very  rarely  happens  that  any  large  quantity  of  the 
liquid  contents  is  withdrawn  before  the  needle  does  become  plugged,  and  this 
second  mechanical  difficulty  is  a  most  annoying  one.  Again,  on  the  withdrawal 
of  the  needle  the  abscess  contents  are  apt  to  follow  in  its  track,  and  a  tulier- 
culous  track  result.s  which  will  ultimately  break  down  and  form  a  sinus. 

Injection  of  germicidal  agentx,  with  or  without  the  withdrawal  of  any  of  the 
abscess  contents,  does  not  seem  reasonable;  as  any  agents  which  may  safely 
be  injected  into  a  closed  sac  without  endangering  life  can  scarcely  lie  expected 
to  have  any  beneficial  effect.  The  plan  has  few  advocates,  and  while  it  is  not 
open  to  the  objection  of  adding  a  mixed  infection  it  does  not  seem  to  offer  any 
adequate  hope  of  getting  rid  of  the  outer  diseased  wall. 

Incision  and  Drainage. — This  is  the  common  methoil  of  treatment  advocated 
b}'  most  text-books,  even  the  most  recent  w'orks  on  orthopedic  surgery  and 
diseases  of  bones  and  joints.  It  is  the  method  commonly  given  by  students 
when  asked  for  treatment  of  tul^erculous  abscess.  The  abscess,  or  more  prop- 
erly tuberculous  cyst,  is  treated  exactly  like  any  ordinary  septic  abscess :  often 
without  any  aseptic  precautions  whatever.  Tliis  always  results  in  a  long- 
continued  discharging  sinus,  with  frequent  painful  dressings,  foul  discharges, 
and  the  serious  chain  of  symptoms  previously  outlined,  often  endangering  the 
life  of  the  patient  and  always  making  his  condition  annoying.  The  single 
sinus  often  becomes  closed,  only  to  find  a  new  outlet  elsewhere,  until  the 
seat  of  the  disease  becomes  riddled  with  sinuses. 

Incision,  Evacuation  of  Contents,  Curetting  of  Wall,  and  Closure  of  the  Wound. — 
The  aseptic  incision  of  the  tubeiculous  abscess,  in  two  or  more  positions  if 
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necessary,  the  careful  cxacuation  ami  wiping  out  of  contents  ami  abscess  wall, 
willi  llic  closure  of  the  wouml  or  wounds,  have  l)een  advocated  and  practised 
for  a  number  of  years  by  the  writer. 

The  results  as  compared  with  any  other  method  are,  in  my  experience,  vastly 
superior.  If  the  wound  fails  to  unite  because  of  tuberculous  infection  of  the 
edges  or  because  the  coaptcil  surfaces  are  too  thin,  tlie  result  is  still  as  good 
as  if  incision  alone  were  resorted  to. 

The  tcchnifiue  of  the  method  is  to  have  the  region  thoroughly  ])repared, 
as  for  any  aseptic  operation.  The  abscess  is  then  incised  freely,  the  con- 
tents are  thoroughly  evacuated,  the  wall  is  gently  curetted  with  a  \'oIkmann 
spoon  \\hcn  that  may  be  safely  employed,  and  the  cavity  is  wiped  out  with 
iodoform  gauze,  as  much  of  the  abscess  wall  being  removed  as  possible.  The 
edges  of  the  wound  are  then  carefully  cleansed  to  free  them  of  any  tuberculous 
infection,  and  brought  together  with  deep  sutures  in  order  to  approximate  as 
wide  areas  of  tissue  as  possible.  A  dry  antiseptic  dressing  is  then  applied, 
with  pressure  over  the  region  of  the  abscess  to  assist  in  the  obliteration  of  the 
space  which  it  occupied. 

The  writer's  series  covers  sixty  cases  of  tuberculous  abscesses  treated  in  this 
way,  nine  of  which  afterward  broke  down,  while  hfty-one,  so  far  as  they  can  be 
traced,  have  remained  perfectly  closed  for  from  six  months  to  fi^•e  years.  Two 
or  three  of  those  which  broke  down  arc  accounted  for  by  the  fact  that  the 
abscess  had  burrowed  too  close  to  the  skin  and  the  skin  had  become  infected. 
This  could  be  guarded  against  in  future  by  excising  the  diseased  skin.  In  one 
or  two  instances  this  infection  resulted  from  opening  the  abscess  through  the 
thinned  part,  instead  of  making  the  incision  through  deeper  structures  so  that  a 
wider,  healthy  surface  could  be  coapted  in  closing  the  wound.  The  greater  the 
depth  of  healthy  tissue  one  can  keep  between  the  abscess  sac  and  the  outside  skin 
the  more  perfect  will  Ijc  the  result.  Even  in  these  nine,  the  result  was  no  worse 
than  it  would  have  been  had  the  wciund  been  left  open,  wliile  the  other  fifty-one 
were  spared  the  possibility  of  danger  and  the  annoyance  of  frerjuent  dressings. 

A  ten-per-cent  emulsion  of  iodoform  in  sterilized  glycerin  was  formerly 
poured  into  the  ca\aty  after  evacuation  of  the  abscess  contents,  but  this  has 
been  abandoned  on  account  of  the  dehydrating  effect  of  the  glycerin  on  the 
tissues  and  the  consequent  filling  up  of  the  cavity  with  serum.  To  be  sure  the 
serum  is  soon  reabsorbed,  but  in  some  instances,  at  least,  the  filling  up  with 
fluid  in  the  first  few  hours  is  enough  to  endanger  the  line  of  sutures  and  force 
open  the  wound. 

Von  Mikulicz  claimed  that  the  iodoform  has  a  specific  effect  on  the  tubercle 
bacillus.  The  experience  of  the  writer  and  of  others  (as  Sherman  of  San  Fran- 
cisco) does  not  seem  to  bear  this  out.  In  any  case  the  wiping  out  with  ten-per- 
cent iodoform  gauze  must  leave  a  fair  amount  of  iodoform  behintl  it  without 
leaving  the  harmful  glycerin. 
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A  retropharyngeal  abscess,  if  producing  serious  dyspncpa,  should  be  opened 
througii  tlie  mouth.  A  bistouiy  blade  should  be  eovered  to  within  hail'  an  inch 
of  its  i)oint  and  the  abscess  freely  opened.  Care  should  be  taken  to  liavc  the 
head  low  so  as  not  to  allow  of  inhalation  of  the  pus  into  the  trachea.  If  the 
abscess  is  causing  no  marked  obstruction  to  the  breathing,  it  maybe  reached 
from  the  posterior  triangle  of  the  neck.  In  this  way  the  risk  of  infecting  the 
abscess  cavity  is  minimized  and  there  is  no  danger  of  producing  a  septic 
pneumonia. 

A  mediastinal  abscess  is  difficult  to  locate,  and  ditiicult  to  reach  after  it  is 
located.  The  only  way  to  evacuate  such  an  abscess  is  to  make  an  incision 
longitudinally  through  the  skin,  over  the  line  of  the  transverse  processes,  and 
separate  the  fibres  of  the  erector  spinw  muscle  down  to  the  ribs.  Two  or  three 
ribs  may  be  divided  at  their  tubercles  and  removed  with  the  transverse  proc- 
esses of  the  atljoining  vertebra*.  The  fingers  are  then  inserted  and  after  the 
plein"P  have  been  separated  the  anterior  surfaces  of  the  vertebra;  are  explored 
and  the  abscess  opened. 

TRf:.\TMEXT  OF  SiNUSES. — .4.fter  an  abscess  connectetl  with  the  spine  has 
become  infected,  the  cavity  will  continue  to  discharge  for  months  and  some- 
times for  years.  The  original  sinus  may  close  up,  only  to  have  the  discharge 
break  out  elsewhere.  The  usual  method  of  treatment  of  a  septic  cavity  is  to 
see  that  the  sinus  leading  to  it  is  free,  so  that  adequate  drainage  is  established. 
As  the  bone  lesion  becomes  quiescent  the  sinus  will  fill  up  with  granulation 
tissue  from  the  bottom,  and  closure  by  this  means  is  likely  to  be  permanent. 
To  establish  this  perfect  drainage,  a  tube  of  rubber  answers  the  purpose  better 
than  one  composed  of  any  other  material.  If  the  sinus  is  long,  as  in  the  case 
of  a  high  psoas  abscess,  a  catheter  of  good  calibre,  with  several  openings  made 
in  the  side,  will  follow  the  tract  better  than  a  plain  rubber  tubing.  Gauze, 
unless  rolled  in  ruljber  tissue,  does  not  make  an  efhcient  drain,  especially  if  it  is 
"  packed  "  into  the  sinus,  as  is  usually  the  case.  A  single  strand  of  gauze  carried 
to  the  bottom  of  the  sinus,  and  the  outer  end  kept  moist,  will  establish  a 
capillary  drain,  but  the  sinus  closes  in  from  the  side,  and  soon  it  is  difficult  to 
get  the  gauze  to  the  bottom.  A  tube  will  be  gradually  crowded  out  by  the 
granulations,  and  can  be  cut  off  from  time  to  time  as  necessary. 

The  Bier  method  of  treatment  of  sinuses  or  infected  spaces  by  hypera-mia, 
has  proven  very  successful  in  many  hands.  The  hy]jera*mia  is  proiluced  in 
the  case  of  a  tuberculous  sinus  by  a  cupping  or  suction  apparatus.  The  cup 
is  applied  o^■er  the  mouth  of  the  sinus,  a  vacuum  is  produced  liy  means  of  the 
rubber  bulb,  and  a  resulting  congestion  of  the  sinus  wall,  with  evacuation  of  the 
contents  of  the  sinus,  is  produced.  The  cupping  is  continued  for  from  three  to 
five  minutes,  followed  by  a  like  interval;  and  then  the  cup  is  reajiiilicd,  until, 
in  all,  a  half-hour's  congestion  has  l)cen  kept  up.  This  process  is  rojieated  every 
twenty-four  hours.  The  result  is  that  frerjuently  the  granulations  are  stimulated; 
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mill  as  the  (li.scliargc  is  ix'inovcd  at  llic  same  time,  (he  sinuses  wliicli  iia\-c  stul>- 
l>onily  resisted  all  (n>atiiieiit  elose  \i\<.  The  reason  for  llie  beneficial  ivsults 
obtained  by  hypera'niia  of  the  part  is  difiieult  to  disecjvei',  but  may  j)os»ibly 
be  aeeounted  for  on  the  liypotliesis  of  Wright,  that  it  increases  the  nmnber  of 
white  blood  eorpuseles  and  therefore  increases  the  phagocytic  action  with  conse- 
(pient  destruction  of  the  infective  organisms.  At  the  same  time  that  improved 
drainage  is  being  maintained,  and  liy])ei'a'mia  of  the  part  is  being  continued, 
the  general  condition  of  the  patient  should  be  improved  to  the  utmost  degree 
by  keeping  him  in  the  open  air,  increasing  nutrition  ])j-  a  forced  diet  and  by 
tlie  giving  of  tissue-building  tonics. 

Tke.^tment  of  Paraplegia. — The  percentage  of  recoveries  without  o))er- 
ative  interference  is  very  large.  In  a  series  collected  by  Little,  Lorenz,  ^\'ull- 
steiii,  Lovett,  Dollinger,  and  Vulpius,  62.5  per  cent  recovered.  Taylor  and 
Lovett  found  that  in  forty-seven  cases  of  paraplegia  occurring  in  priwate  prac- 
tice, eighty-three  per  cent  recovered. 

In  a  case  where  paraplegia  is  expectetl,  the  patient  should  be  put  in  the 
recumbent  position,  either  in  a  sohtl  ]5laster-of-Paris  jacket  or  in  a  Gypsbette 
of  Lorenz,  with  the  spine  in  a  position  of  hyperextension.  If  the  disease  is 
advanced,  and  there  is  complete  paraplegia  with  spasm  of  the  muscles  and 
flexion  deformity,  extension  may  be  made  from  both  lower  extremities  by 
means  of  the  adhesive  plaster  extension  and  pulley  aj^i^aratus.,  Counter- 
extension  must  be  made  on  the  head  l)y  means  of  a  chin-and-occiput  sling 
attached  to  a  weight  over  a  pulley  at  the  upper  end  of  the  bed. 

In  cases  of  cervical  or  high  dorsal  Pott's  disease  with  paraplegia,  it  may  be 
sufficient  to  make  extension  l)y  means  of  the  chin-and-occiput  support  with 
elevation  of  the  head  end  of  the  bed,  so  as  to  make  a  counter-pull  by  the  weight 
of  the  body. 

Potassium  iodide  seems  to  have  a  beneficial  effect  on  a  great  many  of  these 
cases.  It  is  l)e&t  administered  after  meals  in  a  little  milk.  If  a  solution  is 
made  so  that  each  drop  represents  a  grain  of  the  potassium  salt,  as  much  as 
three  or  four  grains  may  be  given  three  times  daily  at  first,  and  the  dose  in- 
creased a  drop  each  day  until  symptoms  of  iodism  appear.  Children  develoj)  a 
marked  tolerance  of  the  drug  when  given  in  this  way.  One  patient  of  the  writer 
was  given  as  much  as  four  drachms  a  day  for  several  weeks  witliout  showing 
any  symptoms  of  iodism  or  disturbance  of  the  stomach. 

Operative  Treatment. — In  some  cases  which  resist  the  exijcctant  or 
recumbent  treatment,  it  may  be  suspected  that  a  spicule  of  bone  is  making 
pressure  on  the  cord  and  keejjing  up  the  nervous  sym].)toms,  or  that  an  al)scess 
may  have  burst  through  the  posterior  wall  of  the  vertebral  body  and  that  its  pres- 
ence keeps  up  the  symptoms.  In  these  instances  a  laminectomy  may  he  ad- 
vised. An  incision  is  made  in  the  middle  line  over  the  spinous  processes,  and 
the  erector  spina'  is  stripped  from  the  spines  and  lamina^  by  means  of  a  peri- 
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osteal  elevator.  A^'ith  a  cutting  bone-forceps  the  spines  of  the  three  or  four 
vertebrffi  at  the  kyphus  are  nipped  away,  and  with  a  laminectomy  forceps 
the  lamina?  are  divided  on  each  side  and  removed.  It  is  not  necessary,  as 
a  rule,  to  open  the  dura,  which  is  now  exposed.  The  surface  of  the  neural 
canal  should  be  explored  witli  a  bent  i)robe  and  any  spicule  of  bone  removed, 
or  abscess  evacuated.  The  wound  should  be  closed  with  a  small  drain  left 
in  the  most  dependent  portion  for  twenty-four  hours  to  prevent  any  accumu- 
lation of  blood  about  the  cord.  The  patient  should  lie  upon  the  face  for  a 
time,  until  tlie  wound  is  healed.  The  chest  and  pelvis  may  be  supported  on 
pads  or  pillows  so  as  to  keep  the  spine  somewhat  extended. 

Calot's  Ojxration. — The  operation  of  forcible  redresscment  of  the  deformed 
spine  was  performed  by  Hippoci'ates  and  later  by  Amlsroise  Pare.  In  1896 
Calot  of  Berck-sur-Mer  revived  the  operation,  and  a  large  munber  of  cases  were 
so  treated.  The  patient  is  anaesthetized  and  placed  face  downward  upon 
two  cross-benches  well  padded,  one  under  the  chest  and  the  second  under  the 
pelvis,  ^\^lile  forcible  extension  is  maile  by  assistants  upon  the  arms  and 
head  in  one  direction,  extension  is  made  in  the  opposite  direction  upon  the 
feet  by  more  assistants,  and  the  operator  makes  strong  manual  pressure  down- 
ward on  the  kyphus.  The  kyphus  is  easily  broken  down  and  the  deformity 
overcome.  A  plaster-of-Paris  jacket  is  then  apjilied  to  maintain  the  spine 
in  the  corrected  attitude.  This  support  is  continued  for  from  nine  months 
to  several  years. 

At  the  time  of  the  operation  a  gap  must  be  made  by  the  separation  of  the 
fused  vertebral  bodies.  It  was  thought  that  this  gap  would  fill  up  with  bonj^ 
tissue,  but  such  has  not  proved  to  be  the  case;  as  only  fibrous  tissue  filled  up  the 
gap,  and  in  a  great  majority  of  the  cases  the  deformity  gradually  returned. 
The  mortality,  immediate  and  remote,  of  the  operation  was  so  great  that  it  has 
been  practically  abandoned.  Exten.sive  and  fatal  hemorrhage  took  pjlace  in  some 
cases;  meningitis,  ruptr.re  of  the  pleura,  and  pneumonia  caused  many  deaths; 
and  the  favorable  results  were  not  such  as  to  warrant  the  continuance  of  the 
operation. 

In  some  cases  of  paraplegia,  the  paralysis  was  relieved  by  the  operation, 
but  the  same  relief  can  be  obtained  by  the  gradual  redressement  which  takes 
place  with  the  patient  in  a  position  of  hypere.xtension  of  the  spine  on  a  Whit- 
man frame,  or  in  a  plaster  jacket  apjilied  in  a  hyperextended  position  of  the 
spine  and  changed  frequently,  to  increase  the  degree  of  hyperextension. 
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Abdominal   distention,  post-operative,  treat- 
ment, 1.5.5 
operations,  under  local   anaesthesia,  2.51- 
256 
Abscess,  bone,  in  Pott's  disease,  935 
in  Pott's  disease.  935,  947 

treatment,  978 
mediastinal,  treatment,  981 
psoas,  in  Pott's  disease,  950 
retro-cesophageal,  in  Pott's  disease,  949 
retropharyngeal,  in  Pott's  disease,  949 

treatment,  9S0 
tuberculous,  treatment  of,  978 
A.  C.  E.  mixture  as  an  anasthetic,  202 

or  anesthol,  or  chloroform-ether  sequence 
for  ansesthesia,  210 
Acetabulum,  in  congenital  dislocation  of  the 

Up,  751 
Acetonsemia,  fatal,  162 
Achillo-bvirsitis,  S89 
symptoms,  889 
treatment,  890 
Acid    intoxication,    post-operative    and    post- 
ana'sthctic,  162 
post-operative,   resume  of    a  monograph 
on,  by  Bevan  of  Chicago,  162-165 
Acquired  torticolUs,  781 
Acupuncture,  604 
Acute  fatty  degeneration  of  the  li\er  following 

ana'sthesia,  162 
Adhesive-plaster  abdominal  Scultetus,  594 
Akoin  as  a  local  anaesthetic,  233 
Alse  of  nose,  restoration  oi'  693 
Allen,  Freeman,  on  Anaesthetics  and  the  pro- 
duction of  general  Anaesthesia,  169 
Allis'  inhaler,  187 

method   for   the   reduction    of   backwarcl 

dislocations  of  the  hip.  79 
method  of  treatment  of  forward  (thyroid) 
dislocations  of  the  hip,  82 
Amputating  knives  and  scalpels,  274 

saws,  varieties  used,  274 
Amputations  and  disarticulations,  263 
celhilitis  as  an  indication,  266 
chronic  joint  disease  as  an  indication,  266 
gangrene  as  an  indication,  265 
general  considerations,  264 
historical  notes,  263 
indications,  264 
indications  dependent  on  trauma,  264 


Amputations  and  disarticulations  : 

indications  independent  of  trauma,  264-266 
malformation  and  deformities  as  indica- 
tions for,  266 
malignant  growths  as  an  indication,  265 
methods  of  amputating,  270-273 
methods  of  controlling  hemorrhage,  266- 

268 
mortality  statistics  of,  360-363 
of  the  thumb,  285 

perforating  ulcer  as  an  indication,  266 
the  stump,  268-270 
Amputation  above  the  shoulder  joint,  the  in- 
terseapulo-thoracic    method,    SOS- 
SI  1 
the  interscapulo-thoraeic    method  as 
elaborated  by  Paul  Berger,  its  suc- 
cessive steps,  30S 
the  inter.scapulo-thoracic  method,  Le 
Conte'smoditication  in  dealing  with 
the  clavicle,  311 
after-treatment,  278 
agents  for  the  coa)jtation  of  flaps  and  for 

drainage,  274 
agents  for  controlling  hemorrhage  in,  273 
at  elbow  joint,  293-298 

methods  employed  and   instruments 
needed,  295,  296 
at  knee  joint,  343-347 
at  shoulder  joint.  301-308 
surgical  anatomy,  301 
at  wrist  joint,  286 
choice  of  methods,  272 
circular  method,  two  varieties  of,  270 
classifietl  as  immediate,  primary,  and  sec- 
ondary, 276 
drainage  after,  274 
dressing  of  the  stump,  275 
elliptical  method,  271 
flap  method,  with  transfixion,  272 
flap  methods,  divisions  of,  271 
flaps  made  by  cutting  from  without  in- 
ward and  by  dissection,  272 
in  shock,  276 
instruments  and  other  agents  needed  for, 

273-276 
instruments   for   the   actual   cutting   and 
subsequent  trimming  of  the  soft  parts, 
273 
manner  of  using  the  knife,  275 
985 
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Amputation,  niudified  circular  inetlaMl,  271 
mortality  Ktatislics  of,  360-363 
neuroma,  '20S 
of  arm,  •»)H-3()0 

of  fin<;ors  and  th\inib,  importance  of  con- 
servatism, 278-285 
of  foot,  partial.  317-334 
of  forearm,  289-298 
of  hand  at  the  ivrist,  286 
of  index  finger,  three  methods,  284 
of  leg,  lower  third,  by  long  posterior  flap,  336 
lower    third,    by    modified    circvdar 

method,  338 
lower  third,  "place  of  election,"  334- 

339 
lower  third,  with  large  anterior  flap 

(Teale's),  337 
middle  third,  339-341 
middle    third,    by   modifietl    circular 

method,  341 
upper  third,  341-343 
upper    third,    by    modified    circular 
method,  343 
of  little  finger,  special  oijeration  for,  285 
of  lower  extremity,  general  remarks,  312 
of  phalanges  of  the  fingers,  281 
of  thigh,  347-350 

immediately    above    the    knee  joint 
(Cardan's  operation),  345 
of  thumb,  285 

of  toes,  surgical  anatomy,  312 
of   toes  together   with  the   heads   of   the 

metatarsal  bones,  316 
oval  or  racquet  method,  271 
racquet  method,  271 
site  of,  276 
special,  278-360 
through  metacarpal  bones,  286 
through  terminal  phalanx  of  great  toe,  313 
use  of  the  saw  in,  276 
Anemia,  choice  of  anaesthetics  in,  220 
Anaesthesia,  administration  of  stimulants  pre- 
liminary to,  175 
after-effects    of,   management   of   patient 
after  withdrawal  of  anaesthetic,  227,  228 
by  chloroform,  dangers  attending  its  use, 

198 
by     Cushing's     "  morphia-cocain-chloro- 

form"  combination,  238 
by  endoneural  injection,  as  introduced  by 

Crile,  C'ushing,  and  Matas,  237 
by  ether,  the  close  method,  191 

the   indications   for  "light''  and   for 

deep  etherization.  190,  191 
signs  of  its  existence,  189 
stage  of  excitement  and  its  manage- 
ment, 189 
vomiting     and    increased     secretion 
of  mucus  in,  191 


Ana;sthesia,  by  mixtures  of  nitrous  oxide  and 
air  or  oxygen,  its  advantages  and  dis- 
advantages, 182 
by  nitrous  oxide,  178 
by  nitrous  oxide  and  air  with  a  Bennett's 

inhaler,  182 
by    nitrous    oxide    and    oxygen    with    a 

Hewitt's  apparatus,  183,  184 
by  nitrous  oxide,  signs  of,  181 
by  perineural  injection,   as  proposed   by 

Halsted,  236 
choice    of   methods    for    different    opera- 
tions, 215 
for  abdominal  operations,  219 
for  extirpation  of  the  tongue,  217 
for     operations     around    the      nose, 
throat,  lips,  and    mouth,  216, 
217 
of  aural  surgery,  215,  216 
of  cerebral  surgery, 215 
of    oral    or    nasal     surgery,    im- 
portance of  the  position  chosen, 
216 
on  the  neck,  21 S 
requiring     the      prone     posture, 
219 
for  ophthalmic  operations,  215 
in    amputations,   reduction    of  dislo- 
cations, setting  fractures,  etc.,  220 
in    operations    requiring     the     lith- 
otomy posture,  220 
contra-indications  to  use  of,  108 
diseases  and  conditions  requiring  special 

methods  of,  220 
general     conditions    contra-indicating   its 

use,  108 
local,  by  application  or  injection  of  drugs, 
232 
by  cold,  232 

by  infiltration,   as  used    by   Receus 
and   Schleich      and     modified     by 
Matas   and  Braun,  236 
by  pressure,  231 
by  surface  appHcation,  236 
constriction,    cooUng,   and   adrenalin 

as  aids  in  its  production,  234 
general  considerations,  231 
general  preparations  and  technique, 

238-240 
in  surgery  of  abdomen,  251-256 
of  breast,  245 

ofgenito-urinary  system,  249, 250 
of  goitre,  244 
of  head,  241 
of  larynx.  244 

of  lower  extremity,  247-249 
of  neck,  243-245 
of  rectum,  250 
of  skin,  240 
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AnsBsthesia,  local,  in  surgery  of  thorax,  2-15 

of  upper  extremity,  methods  of 
Crile  and  Matas,  243 
indications     anil     contra-indications, 

237 
metliods  of  application.  236 
preparation  of  solutions  for,  234-23ti 
production  of,  231 
special  appHcation.  240-256 
varied  sensibility  of  different  tissues, 
239 
mixed, 173 

advantages  and  cUsad  vantages  of,  174 
mouth  gags,  tongue  forceps,  and  various 
appliances  that  may  ijeneeded  in,  176- 
17S 
physical   examination   of   patient   prelim- 
inary to,  175 
preparation  of  the  patient  for,  172 
recovery  period,  227 
spinal,  256-262 

drugs  used  in  producing  it  and  their 

doses,  25S 
extent  of  its  influence,  and  (m  what 

dependent.  257 
in  rectal  surgery,  250 
indications  and  scope,  260-262 
unpleasant  and  dangerous  symptoms 
connected  with  its  use,  257 
vomiting  during  or  after,  the  management 
of,  22.S 
Anaesthesia  dolorosa  and  its  explanation,  234 
Anaesthetic  agents  and  methods,  choice  of,  211 
mixtures,   action,  ami  mode  of  adminis- 
tration of,  203 
safety  of,  202 
Anaesthetics,  administration  of,  178 
after-effects  of,  227 

and    the    production  of  general  anesthe- 
sia, 169 
choice  of,  in  operations,  147 
historical  .sketch  of  their  introduction  and. 

use  in  surgery.  169-172 
in  sequence,  administration  of,  208 
various  forms  of,  209 
Anfesthetist,    preparation    and   equipment    of 

the,  175 
Ansesthetization  of  aged  patients,  213 
of  infants  and  cliildren,  212 
of  patients  having  obstruction  in  the  up- 
per air  passages,   the  use  of  tubes  in, 
213,  214 
of  so-called  "difficult  subjects,"  213,  214 
Anaesthetized    patient,    attentions    demandeil 

for  his  care  and  comfort.  148 
Ana?sthol  as  an  anfesthetic,  202 

introduced  by  Willy  Meyer,  172 
Aneurism    and    atheroma,    anwstlietics    indi- 
cated in.  221 


Aneurism  and   atheroma   of  aorta,  diagnosed 

from  Pott's  disease.  955 
Angular  curvature   of   spine    (and   see   Pott's 

disea.se).  927 
Ankle-joint,  congenital  dislocation  of,  766 

disarticulation  at  (Syme's  operation),  sur- 
gical anatomy,  329 
e.xcision  of,  457-463 
normal  motion  at,  915 
Ankylosis  of  the  hip,  arthroplastic  operation 
by  Murphy.  376,  377 
of  the  knee,  bony,  as  an  indication  for  ex- 
cision or  arthroplasty,  43S 
of  the  shoulder  as  an    indication   for  ex- 
cision. 395 
Anterior  reposition,   in  congenital  dislocation 

of  the  hip,  762 
Antero-posterior  curvature  of  spine   (and  see 

Pott's  disease),  927 
Aorta,  abdominal,  ligature  of,  transperitoneal 
and  retroperitoneal  methods,  506 
distortion  of.  in  Pott's  disease.  938 
Arlt's  method  of  blepliaroplasty.  675 
Arm,  amputation  of,  by  circular  method.  299 
by  method  in  which  anterior  and  pos- 
terior flaps  are  employed,  299 
methods  of,  299 
surgical  anatomy,  298 
through  the  surgical  neck  of  the  hu- 
merus, 300 
Arteries  and  veins,  ligature    of,  in  their  con- 
tinuity, 468 
guides  for  incision  and  locating,  469 
ligature  of  individual,  476 
temporary  control  of  the  circulation  in, 
by  ligature,  475 
Arthrectomy,  definition  of  term,  368 
Arthritis,  neuropatliic,  as  a  cause  of  patholog- 
ical dislocation,  8 
suppurative,   as  a  cause   of  pathological 
dislocation.  S 
of  the  shoulder  joint  as  an  indication 
for  excision,  395 
Arthrodesis,  at  hip,  for  paralytic  deformities  of 
the  lower  extremities,  869 
for  acquired  talipes,  921,  923 
for  infantile  paralysis,  843 
Arthroplastic  operation  for  ankylosis  of  knee, 

report  of  case  by  Murphy,  375 
Arthroplasty,  aims  of  the  operation.  372 

Murphy's   studies   on   the   restoration   of 

mobility  and  function  in  a  joint,  373 
principles  involved  in  Murjjhy's  operation 
for  adiiesive  synovitis,  373,  374 
Artificial  ears,  728 

noses,  717 
Aspiration,    apparatus    of    Dieulafoy    and   of 

Potain,  601 
Asthma,  an.Tsthetics  indicated  in,  221 
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Astragalectomy,  for  talipes,  909 

Astnifialo-caloaneoiil  joint,  motion  at,  91.') 

Astragalus,  dislocations  of,   lOO 
excision  of,  -104 

Aviceima's  method  of  reducing  forward  dislo- 
cations of  the  Inniierus,  4;i 

Axilla,  not  a  favoralilc  .seat  for  local  an;esthe- 
sia,  247 

Ballance-F.dmunds  stay  knot  described,  473 
Bandage-machines,  543 
Bandages,  541 

Barton's,  550 

caoutchouc,  591 

circular,  547 

classification  of,  542 

compound,  576 

Desault's,  559 

dimensions  of,  544 

Esniarch's,  596-600 

figure-of-8,  549 

four-tailed,  579 

fixation,  history  of,  581-583 

fronto-occipital,  549 

gauntlet,  563 

Gibson's,  551 

manufacture  cf,  543 

Martin's  india-rubber,  596-000 

materials,  541 

oblique,  547 

occipito-facial,  552 

of  breast,  double,  567 

single,  566 
of  chest,  anterior  figure-of-S,  565 

posterior  figure-of-8,  565 

spiral  (two  forms),  566 
of  elbow,  figure-of-8,  560 
of  eye,  one,  554 
of  eyes,  both,  554 
of  finger,  reversed  spiral,  565 
of  finger,  spiral  (three  forms),  56.3-565 
of  foot  and  ankle,  figin'e-of-8,  573 
of  foot,  recurrent,  575 

reversed  spiral,  573 

serpentine,  574 

spica,  574 

spiral,  573 
of  forehead  and  chin,  553 
of  forehead  and  neck,  553 
of  forehead  and  upper  lip,  553 
of  great  toe.  serpentine,  575 

spica,  575 
of  groin,  ascending  single  spica,  568 

descending  single  spica,  569 
of  groins  (both),  ascending  spica,  509 

descending  spica,  570 
of    hand    and    wrist    dorsal,     figure-of-S, 
561 

palmar,  figure-of-8,.  561 


Bandages,  of  hand,  demi-gavuitlet  dorsal,  561 
demi-gauntlet  palmar,  562 
of  head,  549 
crossed,  552 
oblique,  549 
recurrent,  ,550 
of  jaw,  oblique,  553 
of  knee,  figurc-of-8,  571 
of  knees  (both),  figure-of-8,  571 
of  leg,  long  figure-of-8,  573 

short  figure-of-8,  572 
of  lower  extremity,  reversed  spiral,  572 
of  neck  antl  axilla,  figure-of-8,  555 
of  neck,  combined,  556 
of  shoulder,  ascending  spica,  556 

descending  spica,  557 
of  thumb,  spica,  563 
of  upper  ex'tremity,  reversed  spiral,  500 
paraffin,  591 

plaster  of  Paris,  application  of,  586-588 
manufacture  of,  584 
precautions    necessary  during  appli- 
cation of,  584-580 
removal  of,  588-590 
pressure,  .596 
recurrent,  549 
retractor,  580 
re\'ersed  spiral,  548 
Scultetus.  580 
soluble  glass,  590 
spica,  548 
spiral,  548 

starch,  application  of,  590 
triangular,  57S 
uses,  541 

Velpeau's,  557-559 
Bandaging,  541-600 

general  rules  for,  545-547 
Banden's  modification  of  Lisfranc's  operation, 
324 
operation  of  disarticulation  at   the   knee 
joint,  345 
Bardenhauer  and  Schimmelbusch's  operation 

for  restoring  the  cheek,  647 
Bartlett's  method  of  repairing  cheek,  639 
Bayer's  operation  for  restoration  of  lower  part 

of  nose,  702 
Bennett's  closed  ether  inhaler,  description  and 
mode  of  use,  192 
combined    nitrous-oxide    and    ether    in- 
haler, 172 
gas  and  ether  inhalation  apparatus,  209, 

210 
gas  inhaler,  its  mechanism,   and  precau- 
tions in  using  it,  180 
Benque  or  "Narcotile"  inhaler  for  ethyl  chlo- 
ride, 205,  206 
Berg's  operation  for  restoration  of  lower  lip, 
659 
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Bergcr's  method  of  rliinopliisty,  fiSCi 
Bier  method  of  treating  simises  in  Pott's  dis- 
ease, 98 1 
Bigelow's  method  for  the  reduction  of  buck- 
ward  dislocations  of  the  hip,  98 
Binder,  abdominal,  578 
Blasius'  method  of  rhinoplasty.  68.3,  685 
operation  (blepharoplasty),  673 

for  restoration  of  lower  lip,  658 
Blepharoplasty,  672 
Arlt's  method,  675 
Blasius'  operation,  673 
Biirow's  operation,  677 
Dieffenbach's  method,  674 
French  method  of,  674 
Fricke's  operation,  672 
Harlan's  method,  675 
Hasner's  operation,  673,  676 
Indian  method  of,  672 
Italian  method  of.  678 
Knapp's  operation.  677 
Landolt's  operation,  674 
Monks'  operation,  674 
Szymanowski's  method,  675 
von  Siklossy's  operation,  675 
Blood  and  its  constituents  as  furnishing  con- 
tra-indications   to   operating   and    to   some 
ana'sthetics,  122 
Bone  abscess,  in  Pott's  disease,  935 
Bones  and  joints,  excisions  of,  general  consitl- 

erations  and  definition,  367 
Bonnet's  operation  for  restoration  of  ala?,  696 

for  ectropion,  668 
Bouisson's  method  of  restoring  the  ale,  696 
Bow-leg  (and  see  Genu  Varum),  860 
braces  for,  861 
operative  treatment,  862 
treatment,  S61 
Brace  for  bow-legs,  861 
Bradford  frame,  for  Pott's  disease,  961 
Bratz's  retention  splint  for  torticollis,  785 
Breast  bandage,  566,  567 
Breast  binder.  579 
Breast  operations  not  adapted  to  local   ances- 

thcsia,  245 
Brondiitis,  ana>sthetics  indicated  in  the  pres- 
ence of,  221 
Brown's   (Buckminster)   splint   for  torticollis. 

788,  789 
Buchanan's  operation  for  restoration  of  lower 

lip,  657 
Buck's  (Gurdon)  operation  for  restoring  upper 

lip,  651 
Bunion,  894 

Burow's  method  of  flap  formation  in  plastic 
operations,  615 
operation  (blepharoplasty),  677 

C.\.lot's  operation  in  Pott's  disease,  983 


Caoutchouc  bandages,  591 

Caput  obstipum  (and  see  Torticollis'),  767 

Carbuncle,  choice  of  anaesthetics  in  treating. 

222 
Carcinoma  of  spine,  diagnosed  from  Pott's  tlis- 

ease,  955 
Carden's  operation,  34.5 

Cardiac  dilatation,  acute,  post-operative  treat- 
ment of,  160 
Caries  of  spine  (and  .see  Pott's  disease),  927 
Carpus,  congenital  dislocation  of,  742 
treatment,  746 
dislocations  of  the  second  row  and  of  in- 
dividual bones  of,  65 
"Carrying  angle,"  definition  of  the  tern.,  51 
Catheterization,  precautions  to  be  observed  in, 

158 
Cerebral  paralysis  and  its  deformities,  871 
Cervical   vertebra>,   treatment    of   dislocations 

of.  24,  25 
Chloroform  accidents  and  their  treatment.  201 
administration  of,  198-202 
as  an  anaesthetic,  its  properties,  and  ac- 
tion when  inhaled,  197,  198 
ansBsthesia,  signs  of  complete,  200 
signs  of  its  being  too  deep,  201 
signs  of  its  being  too  light,  201 
Check,  plastic  .surgery  of  the,  638-647 

Bardenhauer    and    Schimmelbusch's    op- 
eration, 647 
Bartlett's  method,  639 
Czerny's  operation,  643 
Gersuny's  operation,  640 
Gussenbauer's  operation,  642 
Hahn's  operation,  646 
Israel's  operation,  644 
Kraske's  operation,  642 
Monod  and  Van  Vert's  method,  647 
Chcyne  and  Biirghard's  operation  on  external 

ear,  722 
Chopart's  operation,  procedure  and  residts.  325 

for  restoration  of  lower  Up,  660 
Cicatrices.  Treves'  classification  of,  268 
Cicatricial  deformities,  correction  of,  see  Plas- 
tic surgery 
Cigarette  drains,  539 
Clavicle,  dislocations  of,  31 
excision  of,  401,  402 
habitual  luxation  of  the  inner  end,  .33 
wiring  of,  under  local  anaesthesia,  245 
Clover's  closed  inhaler  for  ether,  191 

combined  nitrous-oxide  and  ether  inhaler, 
171 
Club-foot  (and  see  Talipes  equino-varus),  899 
in  infantile  paralysis,  815 
Judson's    modification   of   Taylor's  brace 

for,  910 
Taylor's  brace  for.  910 
Taylor's  shoe  for,  830,  831 
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Cocaine  as  usod  fur  hjcal  aiui'sl  hcsia.  'J'.i'J 

as  usod  for  spinal  ana'slhosia,  2.58 
Coccygodynia,  28 
Coccyx,  dislocation  of,  28 
Collodium  as  a  dressing,  537 
Coniplexus  niuselo,  anatomy  of,  788 
Complications,  post-operative,  lu3 
Congenital  deformities,  etiology.  731 
HoH'a's  classification  of,  733 
Riedingcr's  classification  of,  733 
Tubby 's  classification  of.  733 
varieties  of,  733 
"^  oung's  theory  of,  734 
dislocations,  731 
genu  recur vatiun,  70.') 
torticollis,  767 
Contracted  foot,  891 

Cooper's  (Sir  Astley")  method  of  reducing  for- 
ward dislocations  of  the  Inunerus,  44 
method    of    treating    dislocations    back- 
ward of  both  bones  at  the  elbow,  .'Jo 
Corsets,  for  Pott's  disease,  97.5 
Coxa  valga,  857 
vara,  848 

bilateral,  850,  851,  .852 
cervical,  849,  851 
diagnosis,  .852 
epiphyseal,  850 
etiology,  848 

in  congenital  dislocation  of  hip,  751 
latent,  849 

operative  treatment,  854 
physical  effects,  850 
symptoms  of,  851 
treatment  of,  853 
types  of,  848,  849,  8.50. 
Croft's  method  of  flap  transfer  in  plastic  sur- 
gery, 619 
Cmieiform  bones,  dislocations  of,  102 

osteotomy  for  talipes,  94 
Cupping,  604 
Curvature  of  legs,  anterior,  867 

of  spine,  angular  (and  see  Pott's  disease), 

027 
of  spine,  antero-posterior  (and  see  Pott's 
disea.se),  927 
Cushing's  "morphia-cocaine-chloroform"  com- 
bination for  anaesthesia.  238 
technique  for  operation  on  inguinal  hernia, 
255 
Cystitis,  post-operative.  1.59 
Czerny's  operation  for  restoring  the  cheek.  64.3 

for  saddle  nose,  710 
Czerwin.ski's  operation  for  saddle  nose,  715 

Deformities  and  disabilities  of  the  lower  ex- 
tremities, 848-926 
Delanger's  method  of  prosthesis,  625 
Delpech's  method  of  rhinoplasty,  683 


Demon's  niethml  of  ii-jjair  of  .septum,  704 
l)e  Nancr^de,  Charles  H.  C,  on  influences  and 
conditions  wliich  should  be  taken  into  ac- 
count before  one  decides  to  operate,  107 
Denonvillier's  operation  for  restoration  of  ala>, 

694 
I)e  Page's  operation  for  saddle  nose,  709 
l)e  Trey's  somnoforme  inhaler,  207.  208 
Diabetes,   as  influencing  the  clioicc  of  anes- 
thetics, 222 
Diastasis  of  the  head  of  the  ulna,  64 
of  the  distal  end  of  the  fibula,  94 
of  the  lower  epiphysis  of  the  femur,  88 
Uiday's  operation  for  webbed  fingers,  635,  636 
Didot's  operation  for  webbed  fingers,  635 
DiefTenbaeh's  method  of  blepharoplasty,  074 
of   flap  formation,   in   plastic  opera- 
tions, 615 
of  repair  of  septum,  704 
of  restoring  the  alie,  697 
of  rhinoplasty,  681,  C88 
of  treating  saddle  nose,  707 
operation  for  ectropion,  669,  670 

for  restoration  of  lower  lip,  654 
for  saddle  nose,  714 
Digital   compression   to  prevent    hemorrhage, 

267 
Diphtheritic  paralysis,  diagno.sed  from  infan- 
tile paralysis,  824 
Disarticulation  at  the  ankle  joint  (Syme's  op- 
eration), 329 
at  the  hip  joint  by  antero-posterior  flaps, 
cut  by  transfixion,  359 
details  of  the  procedure,  353-355 
Lister's  procedure,  357 
Lloyd's  method  of  controlling  hemor- 
rhage, 351 
McBurney's    raethotl    of    controlling 

hemorrhage,  351 
methods  of   controlling   hemorrhage, 

351 
precautions  against  shock,  351 
Senn's  bloodless  method,  355 
surgical  anatomy,  350 
through  an  anterior  racquet  incision, 

35.8^ 
through  an  external  racquet  incision, 

356,  357 
Trendelenbiug's  method  of    control- 
ling hemorrhage.  352 
Wyeth's  bloodless  method.  352 
at  the  knee  joint,  by  the  elliptical  method 
(Banden's  operation),  345 
by  lateral  flaps  (Stephen  Smith),  344 
by  a  long  anterior  flap  (Pollock's  op- 
eration). 345 
at     the     medio-tarsal     joint     (Chopart's 

operation),  324 
at    the    metacarpo-phalangeal    joint,    the 
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oval  method,  the  method  by  e(i\ial  lat- 
eral flaps,  283,  2S-t 
Disarticjlation    at  the   wrist   joint,    elliiitical 
operation,  'JS8 
long  palmar  flap,  287 
methods,  287,  289 
of  the  anterior  portion  of  the  foot  at  the 
tarso-metatarsal    joint    (Lisfranc's    op- 
eration), 320 
of  great  toe  at  the  metatarso-jihalani^eal 
joint,  314 
terminal  phalanx,  313 
together  witli  its  metatarsal  bone,  in- 
stnmients  needed,  317 
of  little  toe,  together  with  its  metatarsal 

bone.  318 
of  phalangeal  joints,  exceptions  as  to  re- 
moval of  proximal  phalanx,  283 
(first  surgical),  two  methods,  282 
of  .second,  third,  or  fourth  toe.  with  its  re- 
spective metatarsal  bone,  319 
of  toes  at  the  metatarso-phalanseal  joints. 

315 
of  two  toes,  together  with  their  metatar- 
sal bones,  319 
subastragaloid,  surgical  anatomy.  321) 
with  a  heel  flap,  327 
Diseases  and  injuries  of  joints,  1 

constitvitional  and  chronic,   as  mollifying 
the  prognosis  of  operations,  128-130 
Dislocations,  by  Emmet  Rixford,  3 
as  classified  etiologically,  1 
as  distinguished  from  diastasis,  3 
basis  of  Malgaigne's  classification  of,  .5 
complete    and    partial,    as    distinguished 

from  each  other,  3 
complications  of,  14 

congenital  (and  see   Congenital   deformi- 
ties), 9,  731 
elevation  of  scapula,  735 
etiology,  731 

Kirmisson's  theory  of,  734 
genu  recurvatum,  765 
obstetrical  paralysis  of  shoulder,  738 
of  ankle,  766 
of  carpus,  742 
of  elbow,  741 
of  hip,  746 
of  humerus,  738 
of  patella,  765 
of  shoulder,  738 
of  trunk,  735 
of  wrist,  742 
Stimson's  theory  of.  734 
Young's  theory  of,  734 
definition  of  the  term,  3 
diagnosis  of,  15 
double  or  total,  4 
frequency  of,  11-13 


Dislocations,  general  considerations,  3 
habitual,  4 

importance  of  .c-ray  examination  in  diag- 
nosis of,  16 
of  acromio-clavicular  joint,  pathology,  34 
of  ankle,  rotary,  96,  97 
of  astragalus,  treatment,  101 
of  atlas,  treatment,  24 
of  carpus,  65 
of  clavicle,  31-36 
total,  33 

upward  at  acromial  end ,  t  reatment ,  35 
of  coccyx,  28 
of  cuneiform  bone.s,  102 
of  elbow,  .50 

anatomical  considerations  connected 
with  etiology  and  diagnosis,  50-52 
both  bones  backward,  etiology,  path- 
ology, anfl  diagnostic  features, 
52-54 
prognosis.  54 

t  reatment  by  Cooper's  method,  55 
treatment  by  Roser's  method,  55 
classification  and  frequency,  52 
divergent,  56 
forward,  57 
inward,  56 
lateral,  55 

of  the  radius  alone,  58-61 
of  the  ratlins  backward,  61 
of  the  radius  downward,  62 
of  the  radius  outward,  62 
of  the  ulna  alone,  58 
old  unreduced,  62 

operative    treatment    of    old     unre- 
duced cases,  63 
operation    tlevised     by    Murphy,    of 
Chicago,  to  secure  mobility,  63 
of  fibula,  upper  end  of  the,  88 
of  fingers,  67-71 

treatment,  69 
of  foot,  94 

backward,  95,  96 
forward,  95 

inward     (pronations-luxation,     Wen- 
del),  96 
lateral,  96 
not   associated   with   Pott's  fracture 

(hixatio  pedis),  95 
subastragaloid,  98 
treatment,  97 
upward,  97 
of  hip,  71-85 

actual  and  relative  frequency,  71 
backward,  76-82 

diagnostic  features,  76.  77 
reduction  by  AUis'  method.  79 
reduction  by  Bigelow's  method, 
78 
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Dislocations   of   liip    l)ack\v:uil.    rcductiiui    liy 
iStimsoii's  iiicllioil.  7it 
treatment,  77 
classifications  of,  75 
compound,  75 
forward,  80 

analysis  of  the  patholo{;ic:il  eon- 

ditions  resulting,  80,  81 
other    than    thyroid,     Koclier's 

method  of  treatment,  8.3 
(thyroid),    treatment    by    Blge- 
low's  method,  82 
leverage  and   longitudinal   thrust   as 
the    mechanical    agencies    causing 
them,  72,  73 
old  unreduced,  83-85 

HoefHinger's  report  on  the  treat- 
ment of  such  by  operative  re- 
duction (arthrotomy).  84 
manipulative    reduction    in    the 

treatment  of,  84 
open  operative  treatment  of,  84 
rent  in  the  capsule,  72 
resulting  injuries  to  neighboring  struc- 
tures, 74 
of  humerus,  36 

anatomical  and  etiological  considera- 
tions bearing  upon  this  subject,  36 
backward,  47 

classification  (Stimson),  39 
forward,  causes  of  difficulty  in  reduc- 
tion, 42 
compUcations,  46 
methods  of  reduction,  as  classi- 
fied, 42 
reduction  by  lateral  traction,  43 
by   leverage    with    traction, 

44 
by  rotation,  45 
by  simple  lifting  of  the  head 
of     the    bone    upon    the 
glenoid  cavity,  43 
by  traction  in  three  direc- 
tions, 45 
by  vertical  traction,  44 
symptoms  and  diagnosis,  39-41 
treatment,  41 
old  unreduced,  47,  48 
pathology,  38 

subcoracoid,  marked  features  of,  42 
with  fracture  of  greater  tuber- 
osity, 46 
subglenoid,  Dugas'  sign,  41 
subtricipital  (Farabeuf),  39 
treated  by  lateral  traction  by  pulleys,45 
unreduced,   as  an  indication  for  re- 
section, 395 
upward,  39 
of  individual  joints,  18 


Dislocations  of  knee  joint,  85 
treatment,  87 
of  lower  jaw,  29-31 

treatment,  31 
of  medio-tarsal  joint  (Chopart's),  99 
of  metacarpal  bones,  67 
of  metatarsus  and  toes,  103 
of  occipito-atlantal  and  atlanto-axial  ar- 
ticulations, etiological  factors  and  symp- 
tomatology, 20-23 
of  occiput,  treatment,  24 
of  i)atella,  91-94 
habitual,  93 
lateral,  91,  92 
reduction  of,  92 
rotary,  92 
of  pelvis,  27 

of  radio-ulnar  joint,  distal,  64 
of  radius  alone  at  the  elbow,  treatment,  60 
of  ribs,  28 
of  scaphoid,  67 
of  scaphoid  (navicular).  102 
of  semilunar  bone,  66 
of  semilunar  cartilages,  89 

treatment,  90 
of  shoulder  joint,  associated  with  fracture, 
operative  treatment  of,  401 
complicated  with  injuries   of   blood- 
vessels, 48 
habitual,  49,  50 

recurrent,   as   an   indication  for  ex- 
cision, 396 
of  sterno-clavicular  joint,  anatomical  con- 
siderations, 31,  32 
both,  32 

treatment,  33,  34 
of  subastragaloid,  treatment,  99 
of  tarsal  bones,  individual,  100 
of  tarsus,  classification  of,  94 
of  thumb,  68-71 
of  tibia  backward,  86 
classification,  85 
forward,  85 

lateral  and  partially  lateral,  86 
of  vertebrae,  18 

by  abduction,  20 
of  fourth,  fifth,  and  sixth,  23 
treatment,  24 
of  vertebrae,  cervical,  Kocher's  method  of 

treatment,  25 
of  vertebrae,  dorsal  and  lumbar,  26.  27 
symptoms,  20 

unilateral  or  bilateral  (double),  19 
of  wrist,  64,  65 

compound,  65 
old,  5 

old  unreduced,  as  indications  for  excision 
of  the  elbow  joint,  von  Eiselberg's  op- 
eration, 410 


INDEX. 


993 


Dislocations,  pathological,  6 
causes  of,  6 
pathology  of,  13,  14 
prognosis  in,  16 

rules  governing  the  nonienrlatiire  of,  6 
simple  or  complicated,  4 
spontaneous,  5 
subcutaneous  or  simple,  and  compound  or 

infected,  4 
symptomatology  of,  1.5 
traumatic,  etiology  of,  9 

lever  action  and  thrust  in  the  causa- 
tion of,  9,  10 
treatment  of,  general  considerations  on,  17 
Disturbances  involving  the  functions  of  the 
aUraentary  canal  after  operation  and  their 
treatment,  151,  153 
Doelhnger's  statistical  report  on  treatment  of 

cases  of  old  siibcoracoid  dislocation,  48 
Drainage  by  rubber  tissue  and  tubes  and  l)y 
glass  tubes,  540 
materials,  their  preparation,  medication, 
and  mode  of  employment,  139,  142 
Dressings,  surgical,  537 

and  their  use  at  operations,  142 
Dupuytren's  method  of  restoring  the  alie,  697 
operation  for  repair  of  septum,  703 

for  shoulder-joint  amputation,  307 
Duval's  supramalleolar  amputation  of  the  leg, 

335,  336 
Dyspnoea,  the  requirements  of  aiiiesthetics  in, 

222 
Dystrophy,  muscular,  diagnosed  from  infantile 
paralysis,  826 

Ears,  absence  or  defect  of  lobule,  721 

acquired  deformities  of  e.xternal,  720 

adherent  lobule,  721 

artificial,  728 

Cheyne  and  Burghard's  plastic  operation 
on,  722 

cicatricial  contraction  of  external,  722 

congenital  anomalies  of  external,  718 

defect  in  upper  part  of,  722 

Gersuny's  operation  on  external,  724 

malformations  of,  725,  727 

outstamhng,  721,  722 

normal,  717,  718 

Parkhill's  plastic  operation  on,  722 

plastic  surgery  of,  717 

prominent,  723,  725 

shape  of.  725,  727 
Eckstein's  method  of  prosthesis,  625 
Ectropion,  668 

Bonnet's  operation,  668 

Dieffenbach's  operation,  669,  670 

Guerin's  operation,  668 

Jaeger  and  Richet's  operation,  669 

Jones'  (Wharton)  operation,  668 
VOL.  IV.— 63 


Ectropion,  Richet's  operation,  669,  670  • 
Szymanowski's  operation,  670 
von  Graefe's  operation,  670 
Elbow  joint,  amputation  by  anterior  elliptical 
flap,  296 
by  large  anterior  flap,  296 
by  large  external  flap,  297 
by  posterior  elUptieal  flap,  297 
four  methods  of,  and  their  utility,  293, 

294 
lines  of  incision  formerly  proposed  by 

Brasdor,  297 
surgical  anatomy,  294,  295 
congenital  dislocation  of,  74 1 
dislocations  of,  50 
elUptical  disarticulation  of,  271 
erasion  of,  with  report  of  an  operation,  417, 

418 
excision  of,  407-417 
infantile  paralysis  of,  818 
Ismpyema,  pleurisy,  abscess  of  lung,  etc.,  the 

indications  for  anaesthetics  in,  223 
Environment     as     furnisliing     contra-indica- 

tions  to  operating,  108 
Epiphyseal  injury  of  the  elbow  joint  as  indica- 
tion for  excision,  411 
Epiphyseal  irritation  for  infantile  paralysis,  845 
Erasion  of  elbow  joint,  417,  418 

of  knee  joint,  description  and  advantages 

of  the  operation,  453,  454 
term  defined,  368 
Eschricht  and  Berg's  theory  of  origin  of  talipes, 

898 
Esmarch's  amputation  at  hip  joint,  358 
bandage,  application  of,  597 
rubber  bandage  and  elastic  tourniquet  to 
pievent    hemorrhage,    advantages   and 
disadvantages,  266 
Estlander's  operation  for  restoration  of  lower 

lip,  663 
Ether,  administration  of,  by  open  method,  186 
by  semi-open  method,  details  of  the 
procedure,  187-191 
methods  of  administering,  for  ana'sthesia, 

186 
properties  and  effects  of  inhalation,  184 
per  rectum,  preparations  for  administer- 
ing, 173 
Ether  pneumonia,  its  prophylaxis  and  treat- 
ment, 229,  230 
Etherization,  accidents,  treatment  by  artificial 
respiration,  196 
by  close  method,  advantages  and  disad- 
vantages, 193 
emergencies  and  accidents  during,  general 

principles  of  treatment,  195 
rectal,  193-195 
Ethyl  chloride  as  an  anesthetic,  its  properties, 
203,  204 
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Ethyl   chloride    as  an    anspsthotio,  its   safety, 
when    inhaled,    eom|)ared     with    other 
ana'sthctics,  204 
signs  of  an  overdose,  20C 
signs  of  complete  anaesthesia  from  it,  205 
S]3ray  as  a  local  ana-sthetic,  232 
uses  and  the  metliod  of  inhalation,  204 
Ethyl  chloride-ether  sequence  for  ana'sthesia, 

210 
Eucain  B  as  a  local  anajsthetie,  233 
Excisions  and  resections,  history  of,  307 
argument  favoring  performance,  368 
complete  and  partial,  objects  of,  respec- 
tively, 372 
defined,  368,  371 
instruments  required  in,  369-371 
nature  and  pvirposes  of,  3C8 
of  ankle  joint,  a  form  of  plaster-of-Paris 
bandage  for  immobilization,  and  its 
advantages.  458-460 
Kocher's  operation,  462 
method  by  two  lateral  incisions,  458 
modifications  of  the  operation  by  two 

lateral  incisions,  460 
objections  to  and  indications  for  the 

operation,  457 
operation  by  anterior  transverse  in- 
cision, in  cases  of  tuberculosis,  461, 
462 
operation,  as  divided  into  two  classes, 

457 
results,  462 
of  astragalus,  464 
of  bones  and  joints,  367 
of  clavicle,  401 
of  coccyx,  435 
of  elbow  joint,  407-417 

amount  of  bone  to  be  removed  in  the 

operation,  413 
anatomical  considerations,  411 
dressing  and  after-treatment,  413,  414 
employment  of  two  lateral  incisions, 

415 
indications  for,  407 
operation,   with  Langenbeck's  poste- 
rior longitudinal  incision,  412 
resulting  in  a  loose  joint,  treatment, 

417 
results  in  cases  of  ankylosis  and  un- 
reduced backward  dislocation,  416 
secondary  operations  in  tuberculous 

cases,  416 
statistics  of  results  in  cases  of  tuber- 
culosis, 416 
of  fibula,  457 
of  hip,  426-434 

anatomical  considerations,  428 
for  tuberculosis,   "good   result"  de- 
fined, 428 


Excisions  ami  resections  of  hip,  general  con- 
siderations, 426-428 
indications    for,    as    sumiiuirized    by 

Jacobson,  428 
question  of  the  site  of  bone  section, 
431 
of  innominate  bone,  434 
of  knee  joint,  435-453 

anatomical  factors  bearing  upon  the 

operation,  439-441 
causes  of  failure  enumerated,  453 
dressing  of  wound   ami   immobiUza- 
tion  by  plaster-of-Paris  splint,  446, 
447 
general  remarks  upon,  452 
indications  for,  435 
non-subpcriosteal  operation,  442-447 
sjjlint   as   a   method   of   holding   the 
sawed  surfaces  of  bone  in  accurate 
apposition,  453 
subperiosteal,       Langenbeck's       and 

Ollier's  operations,  447,  448 
treatment  of  fungous  granulations  in 

the  joint,  447 
tuberculosis  as  an  indication  for,  435- 

438 
use  of  the  vonMosetig-Moorhof  meth- 
od of  plugging  bone  cavities,  as  in- 
fluencing the  site  of  the   saw  line, 
445 
Tsithout    opening   the    joint,    as    de- 
scribed by  Flint  and  Walkowitch, 
448-452 
without    opening    the    joint,    advan- 
tages of  the  operation,  452 
of  lower  jaw,  385-390 

anatomical  considerations,  386 
of  metatarso-phalangeal  joint  of  the  great 

toe,  466,  467 
of  OS  calcis,  465 
of  radius,  418 

of  scapula,  total  or  partial,  403 
of  shoulder  joint,  392 

dressing  and  after-treatment,  399 
importance  of  the  site  and  extent  of 

bone  section,  398 
indications  for  the  operation,  395,  396 
operation,  397-401 
operation  by  anterior  inci.sion,   397- 

400 
requirements  of  the  operation,  392- 
394 
of  sternum,  405 
of  superior  maxilla,  378,  389 

after-treatment  and  results,  382 
choice  of  ana<sthetic,  379 
indications  for  the  operation,  378 
methods  of  controlling  hemorrhage, 
378 
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Excisions  and  resections  of  superior  maxilla, 
operation,  379-382 
partial,  383 
subperiosteal,  383 
of  temporo-maxillary  articulation,  301 
of  tibia  for  giant-celled  sarcoma,  456 
operation  and  after-treatment,  456 
osteomyelitis  as  furnishing  the  con- 
ditions calling  for  this  operation, 
455 
of  wrist,  419-426 

anatomical  considerations,  420 
immediate  treatment  of  the  woimd, 

and  the  after-treatment,  425 
indications  for,  419 
lister's  operation,  424 
Ollier's  operation  in  two  stages,  423, 

424 
operation,  with  Kocher's  dorse  ulnar 

incision,  420-422 
operation,  with  Langenbeck's  dorso- 
radial  incision,  422,  423 
partial,  defined,  368,  372 
process  of  re[)air  after,  309 
special,  378 

the  operation,  371,  372 
Exjiloratory    puncture;  aspiration;     hypoder- 
mic injection,  600-603 
Extremities,  plastic  surgery  of,  627 
Eyelids,  plastic  surgery  of,  667 
blepharoplasty,  672 
ectropion,  668 

Fabrizi's  operation  for  rhinoplasty,  688 
Face,  plastic  surgery  of  the,  637 
Fsecal  impaction,  post-operative,  166 
Farabeuf's  method  of  amputating  through  the 
surgical  neck  of  the  humerus,  300 
modification  of  Garden's  operation,  346 
subast  ragaloid  disarticulation,  329 
Fear  of  death  as  a  contra-indication  to  operat- 
ing, 119 
Femoral  artery,  ligation  of  common,   at  base 
of  Scarpa's  triangle,  517 
of  superficial,  at  apex  of  Scarpa's  tri- 
angle, 517 
in  Hunter's  canal,  518 
surgical  anatomy  and  relations  of,  516 
Femoral      thrombo-phlebitis,     post-operative, 

160,  161 
Femur,  depression  of  neck  of  (and  see  Coxa 
vara),  848 
diastasis  of,  853 

treatment  of,  855 
diastasis  of  distal  end  of,  88,  94 
elevation  of  neck  of  (and  see  Coxa  valga), 

857 
fracture  of  neck  of,  853 
Ferguson's  method  of  treatmg  saddle  nose,  707 


Fibula,  diastases  of  distal  end  of,  94 
dislocations  of  upper  end  of,  88 
Fingers  and  thumb,  ampvitation  of,  details  of 
surgical  anatomy,  279,  280 
dislocations  of,  67 
methods   of   using   local   anitsthesia   and 

nerve  blocking,  247 
webbed,  634 
Finney's  method  of  rhinoplasty,  091 
Finney-Pancoast  trunk  for  operations,  145 
Flat-foot  (and  see  Weak  foot),  872 
FUnt,  Carleton  P.,  excision  of  the  knee  with- 
out opening  the  joint,  448 
Foot,  amputation  of,  by  Pirogoff's  methotl,  332 
contracted,  891 

symptoms,  892 
treatment,  892 
disabilities  of,  872 
dislocations  of,  94 
distortions  of,  896 
hollow,  891 

symj)toms,  892 
treatment,  892 
infantile  paralysis  of,  815 
osteoplastic  resection  of,  by  Wlatlimiroff- 

Mikulicz'  method,  334 
partial  amputations  of,  317 
sprain  of,  chronic,  880 
twisting,  for  flat-foot,  885 
weak  (and  see  Weak  foot),  872 
Forbes'    operation    of   disarticulating    at    the 

scapho-cuneiform  joint,  326 
Forearm,  amputation  of,  by  circular  method, 
290,  291 
by  equal  antero-posterior  flaps,  292 
by  modified  circular  method,  291 

advantages,  293 
methods   and   instruments   required, 

290 
partial  amputation  according  to  the 
double-flap  method,  293 
surgical  anatomy,  289 
Fowler,  Russell  S.,  on  minor  surgery,  537 
Fracture-dislocation,  use  of  the  term  in  cases 
of  injury  of  dorsal  and  lumbar  vertebrse,  26 
Fracture  of  surgical  neck  of  hiunerus  with  con- 
comitant dislocation,  46 
French  method  of  blepharoplasty,  674 

of  plastic  operations,  613,  614,  674,  684 
of  rhinoplasty,  684 
Fricke's  operation  (blepharoplasty),  672 
Fritz's  method  of  restoring  the  aloe,  697 

Gallie  tie-down,  961,  962 

Garland,  F.  E.,  on  ana-sthetics  and  the  produc- 
tion of  general  anaesthesia,  169 

Gastro-intestinal  apparatus,  its  bearing  on  the 
question  of  operation,  117 

Gauze  as  a  dressing,  537 
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(lenito-iirinuiy  ;ii)i)aiatus,  indications  it  may 
furnisli  against  operations  or  anaesthesia, 
117-119 
system,  use  of  local  anassthosia  in  opera- 
tions in  lliis  field,  249 
(!enu  recurvatum,  congenital,  765 

in  infantile  paralysis,  832 
Genu  valgum  (and  see  Knock-knee),  8<);{ 
Genu  varum  (and  see  Bow-leg),  800 
(jiersuny's  method  of  prosthesis,  62,') 

operation  for  restoring  the  cheek,  610 
on  external  ear,  724 
Gluteal  artery,  ligation  of,  512 
Goitre,  details  for  operation  under  local  anaes- 
thesia, 244 
Goldtbvvait's  operation  for  dislocation  of  the 

pate'.Sa,  766 
Great  toe  joint,  painful,  896 
Green-silk  and  rubber-tissue  protective  as    a 

dressing,  438 
Greene's  thermo-ether  inhaler  and  the  mode  of 
using  it,  186,  187 
as  used  for  rectal  etherization,  details 
of  administration,  194 
Gritti's    transcondyloid    amputation    through 

the  knee  joint,  346 
Guerin's  operation  for  ectropion,  668 
Gunshot  injuries  of  the  shoulder  joint  as  indi- 
cations for  excision,  395 
wounds  and  injuries  as  indications  for  ex- 
cision of  the  knee,  439 
Gunther's  modification  of  Pirogoff's  amputa- 
tion, 334 
Gussenbauer's    operation    for    restoring    the 

cheek,  642 
Guthrie's  amputation  at  hip  joint  by  antero- 
posterior flaps,   cut  from   without   in- 
ward, 359 
oval-flap  method  of  amputating  through 
surgical  neck  of  the  humerus,  300 
Guyon's  supramalleolar  amputation,  271,  335 

Habit  torticoUis,  806 

Habits  and  temperament   as  influencing  the 

prognosis  of  operations,  130 
Hffimatemesis,  post-operative,  its  questionable 

etiology,  its  treatment,  153,  154 
Hsemostasis,    methods    adapted    to    tlifferent 

needs  in  operation,  1 49 
Hahn's  operation  for  restoring  the  cheek,  646 
Hallux  rigidiis,  896 

treatment,  896 
Hallux  valgus,  894 

etiology,  894 

operative  treatment,  895 

symptoms,  895 

treatment,  895 
Hallux  varus,  892 
Hammer-toe,  893 


lianuner-toe,  treatment,  893 
Hancock's  operation,  334 
Hand,  amputation  of,  at  the  wrist,  286 
plastic  surgery  of  the,  630 

restoring  a  lost  tliumb,  633 
webbed  fingers,  034 
Hardic's  o|jeration  for  rliinoplasty,  690 
Harlan's  method  of  blepharoplasty,  675 
Hasner's  operation  (blepharoplasty),  673,  676 
Head  and  neck,  action  of  muscles  on,  788 
Head,  local  anajsthetization  of,  241-243 
Head  supports,  for  Pott's  disease,  972 
Heart,  affections  of,  contra-indicating  general 
anaesthesia  and  certain  operations,   1 1 5, 
116 
complications,  post-operative,  160 
disease,  choice  of  ansesthetics  as  indicated 
in,  223 
Heel,  pain  in,  890 
Helferich's  method  of  rhinoplasty,  685 

operation  for  saddle  nose,  712 
Helmet,  plaster,  retention  dressing  for  torti- 
collis, 778 
Hemorrhage,  as  influencing  the  choice  of  an- 
ajsthetics,  224 
secondary,  167 
Hepatic  toxiemia,  162 
Hernia  bandage,  579 

operations,   methods   of  employing   local 
anesthetic  measures  in,  253,  256 
Heurtaux's  operation  for  restoration  of  lower 

lip,  655 
Hewitt's  nitrous  oxide  and  oxygen  apparatus, 

183 
Hey's  modification  of  Lisfranc's  operation,  323 

operation  (amputation  of  leg),  339 
Hip  joint,  amputation  by  Guthrie's  method  of 
antero-posterior  flaps,  cut  from  without 
inward,  359 
artlirodesis   at,   for  paralytic   deformities 

of  the  lower  extremities,  869 
congenital  dislocation  of,  746 
after-treatment,  761 
anterior  reposition,  762 
coxa  vara  with,  751 
etiology,  749 
frequency,  748 
liistorical,  748 
pathological  anatomy,  750 
pathology,  749 
symptomatology,  755 
treatment  of,  756 

bloodless  method,  759 
employment  of  apparatus,  763 
Hoffas  method,  758 
Lorenz's  method,  757,  761 
disarticulation  at,  350-360 
disease,  diagnosed  from  Pott's  disease,  956 
dislocations  of,  71-85 
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Hip-joint,  Esmarch's  amputation  at,  358 
excision  of,  426-434 

the  operation,  429 
infantile  paralysis  of,  817 
Jordan's  (Fiirneaux)  amputation,  357 
Hoffa's  classification  of  congenital  ileformities, 
733 
method  of  treating  congenital  dislocation 
of  the  liip,  758 
Hollow  foot,  891 

Horsley's  antiseptic  wax  as  a  hjemostatic,  273 
Humerus,  congenital  dislocation  of,  738 

dislocations  of,  36 
Hypercmesis,  post-operative,  153 
Hypodermic  injection,  instruments  and  meth- 
ods, 602 
Hypodermoclysis,  609 

Ileus,  obtiu-ation,  156 
strangulation,  155 
Index  finger,  amputation  of,  284 
Indian  method  of  blepharoplasty,  672 

of  plastic  operations,  613,614, 672,  680 
of  rhinoiilasfy,  680 
Infantile  paralysis  (and  see  Paralysis,  infan- 
tile), 807 
old  or  neglected,  as  an  indication  for 
excision  of  the  knee,  439 
Infectious    diseases    furnishing    contra-indica- 

tions  to  operating,  124 
Infiltration  ansesthesia,  according  to  the  meth- 
ods of  Matas  and  Braim,  236 
as  practised  by  Schleich,  236 
Infusion,  intravenous,  of  a  saline  or  an  adrena- 
lin solution,  606 
Injection,  hypodermic,  602 
Injury,  old,  with  ankylosis  of  the  elbow  joint, 
as  indication  for  excision,  \alue  of  ar- 
throplasty, 409 
recent,  as  indication  for  excision  of  the 
elbow  joint,  408 
Innominate  artery,  ligature  of,  surgical  anat- 
omy, 476-481 
Instruments  and  suture  material,  their  steril- 
ization  and   preparation   for   use,    136- 
138 
used  in  excision  and  resection,  369,  370 
Intestinal  obstruction,  or  ileus,  post-operative, 
differential  diagnosis  and  treatment,  155, 156 
Intestines,  adynamic  paralysis  of,  post-opera- 
tive, 152,  155 
Iodoform  poisoning,  post -operative,  165 
Israel's  method  of  rhinoplasty,  689 

operation  for  restoring  the  cheek,  644 
for  sadille  nose,  70S,  713 
Italian  method  of  blepharoplasty,  678 

of  plastic  operations,  6 1 3,  6 1 8, 678,  685 
of  restoring  lower  part  of  nose,  701 
of  rliinoplasty,  685 


.Iaeger  and  Richet's  operation  for  ectropion, 
669 

Jaesche's  method  in  plastic  surgery,  616 

operation  tor  restoration  of  lower  lip,  654 

Jarvis'  adjuster  for  the  reduction  of  disloca- 
tions of  tlie  humerus,  45 

.Taw,  lower,  tlislocation  of,  29 

Johnston,  Cleorge  Ben,  on  the  preparation  for 
an  operation,  the  operation  itself,  and  the 
care  of  the  patient  during  and  immediately 
after  the  operation,  126 

Jones'  (Wharton)  operation  for  ectropion,  668 

Jordan's  (Furneaux)  amputation  at  the  hip 
joint,  357 

Joseph's  operation  for  elongated  nose,  716 

Judson's  apparatus  for  deformities  of  foot,  902 
brace  for  talipes  calcaneus,  920 
mollification  of  Taylor's  club-foot  brace, 
910 

Jury  mast  for  Pott's  disease,  972 

Keeg.^n's  method  of  rhinoplasty,  685 

Keen's  operation  for  torticollis,  802 

ICeyes,  Jolui  M.,  on  ligature  of  arteries  and 

veins  in  their  continuity,  468 
Kirmisson's  theory  of  congenital  defects,  734 

of  congenital  dislocation,  734 
Kit  for  operations,  portable,  147 
Knapp's  operation  (blepharoplasty),  677 
Knee  joint,  amputation  at,  surgical  anatomy, 
343 
disarticulation  at,  by  lateral  flaps  (Stejihen 

Smith),  344 
dislocations  of,  85 
excision  of,  43.5-453 
Gritti's        transcondyloid         amputation 

througli,  346 
infantile  paralysis  of,  816 
internal  derangement  of,  89,  90 
method  of  using  local  aniesthesia  in  ex- 
ploration of,  249 
Stokes'      supra-condyloiil        amputation 
through,  347 
Knight's  bow-leg  brace,  861 
Knock-knee  (and  see  Clenu  valgimi),  86,3 
etiology,  864 

in  infantile  paralysis,  817,  824 
operative  treatment,  865 
osteoclasis  for,  866 
symptoms,  864 

"Thomas'  brace  for,  S(i4,  865,  866 
treatment,  864 
Knots  used  in  the  ligature  of  arteries.  473 
Kocher's  method  of  reducing  forward  di.sloca- 
tions  of  the  humerus,  45 
of   treatment    of    forward    (thyroitl) 
dislocations  of  the  hip,  82 
operation  for  excision  of  the  shoulder  joint 
by  posterior  incision,  400 
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Koi'lier's  operation  for  torticollis,  8UU.  803 
views  on  vascular  pressure  in  relation  to 
thyroidectomy,  116 
Koenig's  method  of  rhinoplasty,  684,  692 
Kraske's  operation  for  restoring  the  cheek,  642 
Krohne's    regulating    chloroform    inhaler,    as 

modified  from  Junker's,  199,  201 
Kuester's  method  of  rhinoplasty,  (iS9 
Ku.ssmaul's  air  hunger,  162 
Kyphosis  (and  see  Pott's  disease),  927 

Labat's  method  of  rhinoplasty,  681,  683 

operation  for  repair  of  septum,  70.5 
Landolt's  operation  (blepharoplasty),  674 
Landreau's  method  of  rhinoplasty,  681 
Langenbeck's  method  of  restoring  alse,  694 
of  rhinoplasty,  683 
operation  for  restoration  of  lower  lip,  658, 
663 
for  saddle  nose,  714 
Lange's    method    of   tendon    transplantation, 

836,  841 
Larger's  operation  for  restoration  of  lower  lip, 

662 
Larrey's  operation  for  shoulder-joint  amputa- 
tion, 306,  307 
Larynx  as  a  fiekl  for  local  amvstliesia,  244 
Le  Dentu's  operation  for  habitual  dislocation 

of  the  patella,  93 
Leeches,  employment  of,  605 
Lee's  amputation  of  the  leg  by  a  large  poste- 
rior flap,  341 
Le  Fort's  modification  of  Pirogoff's  amputa- 
tion, 333 
Leg,  amputation  of.  in  lower  third,  334 

in  middle  third,  by  long  external  flaii, 

341 
in    miiklle  third  by   a  large  antero- 
posterior flap  (Hey's operation),. 339 
in  upper  third  by  a  large  external  flap, 
342 
anterior  curvature  of,  867 
infantile  paralysis  of,  815 
Lermoyez's  methoil  of  prosthesis,  625 
Letenneur's  operation  in  plastic  surgery,  616 
Lexer's  operation  for  repair  of  .septum  of  nose, 

704 
"Ligamenta  brevia"  and  "ligamenta  longa" 

described,  280 
Ligature  of  arteries  and  \-eins  in  their  conti- 
nuity ,,468 
of  arteries,   complications  and  causes  of 
death  after,  474 
en  masse,  or  intermediate  ligation,  .528 
general    considerations,    instriunents, 

required,  469 
general  indications  for,  469 
in  general,  468 
of  individual  arteries,  476 


Ligature  of  arteries,  passing  and  tying  the  lig- 
ature, 472 
steps  of  the  operation,  470-474 
of  abdominal  aorta,  505-507 
of  anterior  tibial  artery  in  ui)per,  middle, 
and  lower  tliirds,  ,521,  .522 
relations  and  hnear  guide,  ,521 
of  axillary  artery,  first  and  second  por- 
tions, operations,  498,  499 
surgical  anatomy,  498 
third  portion,  operation,  499,  500 
of  brachial  artery,  500,  501 

ligation  at   the  elbow,   general   con- 
siderations, 501 
of  common  carotid  artery,  481 

above  tlie  omohyoid  muscle,  483,  484 
below  the  omohyoid  muscle,  483 
both,  simultaneous,  481 
general  considerations,  484 
temporary,  482 
of  common  iliac  arteries,  operations  and 
general  considerations,  508 
surgical  anatomy  ami    linear  guide, 
507,  508 
of  deep  epigastric  artery,  515 
of  dorsahs  pedis  artery,  522,  523 
of  external  carotid  artery,  general  consid- 
erations, 487 
below  the  digastric  muscle,  485 
above  the  digastric  muscle,  486 
surgical  anatomy,  485 
of  external  iliac  artery,  512-515 
retroperitoneal  method,  513 
transjjeritoneal  method,  514 
of  external  [jlantar  artery,  526 
of  facial  artery,  488 
of  femoral  artery,  515-519 
of  gluteal  artery,  512 
of  inferior  thyroid  artery,  496 
of  innominate  artery,  B.   Farquhar  Cur- 
tis' modification  of   Milton's  oper- 
ation, 478,  479 
by  oblique  incision,  480 
by  splitting  the  manubrimn  sterni,  480 
E.  S.  Cooper's  method  of  exposing  the 

artery,  479 
general  considerations,  481 
operation  by  Bardenheuer's  method, 

477 
operations,  Mott's  method,  477 
of  intercostal  arteries,  504-505 
of  internal  carotid  artery,  492 
of  internal  ihac  artery,  508 
of  internal  mammary  artery,  general  con- 
siderations, 498 
surgical  anatomy,  ojjeration,  497 
of  internal  maxillary  artery,  489 
of  internal  plantar  artery,  527 
of  internal  pudic  artery,  511,  512 


INDEX. 


999 


Ligature  of  lingual  artery,  487,  488 

of  miildle  meningeal  artery,  general  con- 
siderations, 492 
of  middle  meningeal  branch  of  the  inter- 
nal maxillary  artery,  489-492 
Kocher's  operation,  491 
of  obturator  artery,  509,  510 
of  occipital  artery,  489 
of  peroneal  artery,  525,  520 
of  plantar  arch,  527 
of  popliteal  artery,  520,  521 
of  posterior  tibial  artery,  524,  525 

behind  the  inner  malleolus,  525 
of  profunda  artery,  519 
of  radial  artery,  502-504 
linear  guides,  502 

operations  as  called  for  in  its  differ- 
ent portions,  502 
of  sciatic  artery,  510 

of  subclavian  artery,  general  considera- 
tions, 495 
operations  as  performed  on  its  differ- 
ent portions,  493,  494 
surgical  anatomy  and  guides,  493 
of  superficial  palmar  arch,  504 
of  superior  thyroid  artery,  489 
of  temporal  artery,  489 
of  transversalis  colU  and  the  suprascapu- 
lar branches  of  the  thyroid  axis  and  the 
subclavian  artery,  497 
of  ulnar  artery,  504 

of  vertebral   artery,  operations,  Chassai- 
gnac's,  Kocher's  and  Fray's,  Hel- 
ferich's,  495,  496 
surgical  anatomy  and  guides,  495 
Ligature  of  veins  in  their  continuity,  528 
of  axillary  vein,  532 
of  brachial  vein,  533 
of  external  jugular  vein,  530 
of  femoral   vein   i  below   Poupart's    liga- 
ment), 533 . 
of  intlividual  veins,  529-535 
of  inferior  vena  cava,  533 
of  innominate  vein,  reports  of  cases  and 

Kocher's  views,  530,  531 
of  internal  jugular  vein,  529 

in  otitic  pyiemia,  objections  urged  by 
Jones,  530 
of   internal    sajihenous    vein,   Trendelen- 
burg's operation,  534 
of  subclavian  vein,  citation  of  cases,  531,532 
of  superior  vena  cava,  533 
Limbs,  artificial,  general  considerations.  364- 

366 
Lingual  artery,  ligature  of,  487 
Linhart's  method  of  rhinoplasty,  683 
Lip,  e\'ersion  of  red  border,  correction  of,  607 
Lip,  lower,  plastic  surgery  of  the,  652 
Berg's  operation,  659 


Lip,  lower,  plastic  surgery   of,  Blasius'   oper- 
ation, 658 
Buchanan's  operation,  657 
C'hopart's  operation,  660 
Dieffenbach's  operation,  654 
Estlander's  operation,  663 
Heurtaux's  operation,  655 
Jaesche's  operation,  654 
Langenbeck's  operations,  658,  663 
Larger's  operation,  662 
Malgaigne's  operation,  656 
Mauclaire's  operation,  664 
Post's  (.Alfred  C.)  operation,  664 
Sandelin's  operation,  660 
Serre's  operation,  654 
Syme's  operation,  657 
Trelat's  operation,  658 
von  Bruns'  operation,  662 
Watts'  operation,  664 
Lip,  upper,  plastic  surgery  of  the,  648 

Buck's  (Gurdon)  operaticm,  651 
S^dillot's  operation,  650 
Senn's  operation,  651 
Lisfranc's  ligament,  321 

method  of  rhinoplasty,  681,  083 
operation,  instruments   required  and  the 
procedure,  321-323 
surgical  anatomy,  320 
the  coup  de  maltre,  321,  323 
Lister's  method   of    preventing    hemorrhage, 
267 
modification  of  Garden's  operation,  346 
Liston's  operation  for  excision  of  the  elbow 

joint,  414 
Lorenz's  gypsbette,  for  Pott's  disease,  964 
method  of  reducing  talipes,  906 
method  of  treating  congenital  dislocation 
of  the  hip,  757-701 
Lorgnette  nose,  706 

Lower  extremity,  appUcability  of  local  anaes- 
thesia to  different  portions  of,  247,  248 
deformities  and  disabihties  of,  848 
distortions  of  bones  of,  858 
etiology,  858 
origin  of  deformity,  860 
rhachitic,  8.59 
infantile  paralysis  of,  815 

paralytic  deformities  of,  867 
arthrodesis  of,  869 
correction  of,  869 
tendon  transplantation  in.  870 
Lower  jaw,  excision  of,  385-390 
Lower  lip,  plastic  surgery  of  the  (and  see  Lip, 

lower),  652 
Luxatio  obturatoria.  80 

Luxation  and  subluxalion,  the  distinction  be- 
tween, 3 
Luxations,  see  Dislocations 
Luxatioius,  traumatic,  in  general,  9 
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Madblhng's  deformity  or  luxuiion,  742,  748 

Ma;;iu«iiin)  siilphato  as  a  local  aiupsthctic,  234 

Maisonnouvc's  operation  for  absence  of  nose,  717 

Malarial  organisms,  their  presence  as  a  contra- 
indication to  operating,  124 

Malgaigne's  operation  for  restoralimi  of  lower 
lip,  ().'>(> 

Malignant  disease,  recurring,  imdcr  what  con- 
ditions a  centra-indication  to  operating,  125 

Martin's  india-rubber  bandage,  application  of, 
.">99 

Masks  for  chloroform  inhalation,  Skiiuier's, 
I':smarch's,  Scliinnnelbusch's,  198-200 

Massachusetts  General  Hospital  ether  cone, 
188,  ISO 

Mauclaire's  operation  for  restoration  of  lower 
lip,  664 

Maxilla,  superior,  excision  of,  378-389 

McBurney's  hooks,  for  skin  grafting,  621 

Mediastinal  abscess,  treatment,  981 

Medico-legal  considerations  bearing  upon  the 
question  of  operation,  112 

Medio-tarsal  joint,  motion  at,  915 

Meloplasty  (and  see  Cheek,  plastic  surgery  of 
the),  638 

Mental  torticollis,  806 

Metacarpal  bones,  amputation  through,  286 
dislocations  of,  67 

Metatarsal  arch,  depression  of,  886 
weakness  of,  866 

Metatarsalgia,  anterior,  886 

Metatarso-phalangeal  joint  of  great  toe,  disar- 
ticulation of,  by  Farabeuf's  method,  314 

Metatarsus,  dislocations  of,  103,  104 

Mikulicz  drain,  537 

operation  for  elongated  nose,  716 

for  saddle  nose,  711 
pad,  how  prepared,  139 

Minerva  jacket  for  Pott's  disease,  969 

Minor  surgery,  537 

Mitchell,  James  F.,  on  the  production  of  local 
aniesthesia  for  surgical  purposes,  231 

Mixtures  of  chloroform  and  ether  for  anjes- 
thesia,  202 

Monks'  operation  (blepharoplasty),  674 

Monod's  operation  for  restoring  the  cheek,  647 

"Moral  anaesthetist,"  his  functions,  238 

Morton's  demonstration  of  the  value  of  ether 
as  an  anaesthetic,  169 

Morton's  toe,  886 

symptoms,  887 
operative  treatment,  888 
treatment,  887 

Mothe's  method  of  reducing  forward  disloca- 
tions of  the  humerus  by  traction  vertically, 
44 

Mouth,  plastic  surgery  of  the,  665 
Serre's  operation,  667 
restoration  of  the,  665 


Multiple    neuritis,    diagnosed    from    infantile 

paralysis,  825 
Murjjhy,  of  Chicago,  operation  devised  by  him 

to  secure  mobility  after  old  dislocation  of 

elbow,  03 
Muscles  of  head  and  neck,  action  of,  788 

nerve  supply  of,  791 
Muscles,  spastic  contraction  of,  as  a  cause  of 

pathological  dislocation,  7 
Mutter's  method  of  restoring  the  ala",  697 

Napier's  bow-legs  brace,  861 
Neck,  as  a  field  for  the  use  of  local  ansesthesia, 
243 
plastic  surgery  of,  627 
triangles  of,  790 
Needles,  exploring,  601 
Nelaton's  method  of  rhinoplasty,  684 
operation  for  webbed  fingers,  635 
Nelaton's  (A.)  operation  for  restoration  of  alfe, 

694 
Nelaton's  (Ch.)  operation  for  repair  of  septum, 
705 
for  restoration  of  lower  part  of  nose,  702 
Nelaton  and  Ombr^danne's  method  of  restor- 
ing the  alas,  698 
operation  for  saddle  nose,  709 
Nerve  blocking  as  a  mode  of  anaesthesia.  236 
Nerve  supply  of  face  and  scalp  from  the  cervi- 
cal plexus  and  trigeminal  nerve,  242 
Nerve  transplantation,  for  infantile  paralysis, 

845 
Nerve  trunks  of  the  upper  extremity,  points  of 

injection  for  local  anaesthesia,  245-247 
Nervous  system  as  furnishing  indications  for 

or  against  operating,  119 
Neumann   and   Szymanowski's   operation    for 

saddle  nose,  713 
Neurotic  spine  diagnosed  from  Pott's  disease, 

956 
Nicoladoni's    operation    for    replacing   a    lost 

thumb,  633 
Nitrous  oxide,  accidents  which  may  occur  from 

inhalation  of,  182 
Nitrous   oxide-ether-chloroforni    sequence    for 

anesthesia,  211 
Nitrous  oxide-ether  sequence,  its  features  and 

the  mode  of  administration.  209 
Nitrous    oxide,    its    physical    properties,    and 
physiological  effects  on  inhalation,   177-180 
Nitrous  oxide,  technique  of  its  administration 

by  Bennett's  inhaler,  181 
Nose,  ab,sence  of,  717 

Maisonneuve's  operation  for,  717 
artificial,  717 
elongated,  716 

Joseph's  operation  for,  716 
Mikulicz's  operation  for,  716 
increased  size  of,  716 
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Nose,  lorgnette,  706 

loss  of,  679 

plastic  surgery  of    the    (and   see   Rhino- 
plasty), 679 

prosthesis,  717 

repair  of  lower  part  of  septum  of,  703 
Demon's  method,  704 
Dieffenbach's  method,  704 
Dupuytren's  operation,  703 
Labat's  operation,  705 
Lexer's  operation.  704 
N^laton's  (Ch.)  operation,  705 
Raoult's  operation,  704 
SeiUUot's  method,  705 
Serre's  operation,  703 

replacement  of,  691 

restoration  of  ate  of,  693 
Bonnet's  operation.  696 
Bouisson's  method,  606 
DenonvilUer's  operation,  694 
Dieffenbach's  method,  697 
Dupuytren's  method,  697 
Fritz's  method,  697 
Langenbeck's  method,  694 
Mutter's  method,  697 
Nelaton's  (A.)  operation,  694 
N^laton  and  Ombr^danne's  method, 

698 
Sedillot's  method,  697  ' 

Thompson's  method,  695 
Weber's  method,  697 

restoration  of  lower  part  of,  700 
Bayer's  operation,  702 
Italian  method,  701 
Nelaton's  (Ch.)  operation,  702 
Rouge's  method,  703 
Szymanowski's  method,  703 

saddle,  625,  706 

supports  for  new,  692 

Oakum  as  a  dressing,  537 

Obesity,  as  intluencing  the  choice  of  aiifesthet- 

ics,  224 
Obliquus  capitis  inferior  muscle,  anatomy  of,  7SS 

superior  muscle,  anatomy  of,  788 
Obstetrical  paralysis,  diagnosed  from  infantile 

paralysis,  824 
Obturator  artery,  ligation  of,  509.  .'>10 
Occipital  .support,  for  Pott's  disease,  973 
Occupation  torticollis,  783 
Ocular  torticollis,  806 
CEdema  of    the  lungs,   acute,  post-operative, 

treatment  of,  160 
Ollier's  bayonet-shaped  incision  for  pxci.sinn  of 
the  elbow  joint,  415 
method  of  rhinoplasty.  692 
Ombredanne's  method  of  rhinoplasty,  684 
Operating  in  two  or  more  stages,  illustrations 
of  its  advantages.  111 


Operating-room,  its  requirements  and  prepara- 
tion. 143-147 

Operation  for  establislinicnt  of  a  joint  anterior 
to  cicatricial  bands  fixing  the  lower  jaw,  390 

Operations,  contra-indications  to,  108-125 
details  of  local  preparation  of  patient  for, 
132 

Operations  for  diseased  lympli  nodes  in  the 
neck,  choice  of  ansesthetic  for,  219 

Orthopechc  surgery,  729 

Os  calcis,  excision  of,  465 

Osteo-arthritis  as  an  indication  for  excision,  438 

Osteoclasis  for  knock-knee,  866 

Osteomyelitis  diagnosed  from  Pott's  disease, 
956 

Osteotomy,  for  infantile  paralysis,  845 

Pain,  causes  of,  in  a  stimip,  268 
Painful  great-toe  joint,  896 
Painter,  Charles  F.,  on  congenital  dislocations, 
731 

on  infantile  [laralysis,  807 
Paracentesis  abdominis,  602 

pericardii,  601 

thoracis,  601 
ParafKn  bandages,  591 

in  plastic  operations,  625 
Paralysis,  cerebral,  and  its  deformities,  871 
Paraly.sis,  infantile,  807 

clinical  course.  810 

club-foot  in,  815 

differential  diagnosis,  821 

from  diphtheritic  paralysis,  824 

from  dystrophy,  826 

from  multiple  neuritis,  825 

from  obstetrical  paralysis,  824 

from  Pott's  paraplegia,  824 

from  pseudo-paralysis,  825 

from  rheumatism.  826 

from  spastic  infantile  paralysis,  823 

from  transverse  myelitis,  824 

etiology,  808 

introduction,  807 

knock-knee  in,  817 

mechanical  treatment,  829 

of  elbow,  818 

of  foot,  815 

of  hip  joint,  817 

of  knee  joint,  816 

of  leg,  815 

of  lower  extremity,  815 

of  shoulder.  818 

of  trunk,  817 

of  upper  extremity.  818 

of  wrist.  818 

operative  treatment,  834 
arthrodesis,  843 
epiphyseal  irritation,  845 
nerve  transplantation,  845 
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Paralysis,  operative  treatment,  osteotomy,  845 
tendon  transplantation,  S30 
tenotomy,  834 
pathology,  818 
physical  examination,  820 
physical  therapeutics,  827 
electricity,  828 
hydrotherapy,  829 
hyperoeniia,  828 
massage,  828 
prognosis,  846 
regions  affected,  815 

lower  extremity,  815 
trunk,  817 

upper  extremity,  818 
treatment,  826 

mechanical,  829 
operative,  834 
physical,  827 
Paralysis,  obstetrical,  of  shoulder,  738 
Paralysis,  teething,  807 

Paralytic  deformities  of  lower  extremities,  867 
Paralytic  torticoUis,  804 

Paraplegia,  in  Pott's  disease,  treatment  of,  982 
Parkhill's  operation  on  external  ear,  722 
Parotitis,  acute,  post-operative,  166 
Patella,  congenital  dislocation  of,  765 

Cioldthwait's  operation  for,  766 
treatment,  766 
dislocations  of,  91-94 
slipping,  765,  766 
Pelvis,  dislocations  of,  27 
Perforation  of  intestine  in  typhoid  fever,  special 

indication  for  local  anaesthesia  in,  253 
Pericarditis,  the  anaesthetics  indicated  in,  224 
Pericardium,  puncture  of,  by  aid  of  local  anses- 

thesia,  245 
Peritoneum,  operations  involving,  as  practised 

under  local  anjesthesia,  252 
Peritonitis  and  intestinal  obstruction,  precau- 
tions regarding  anaesthesia  in,  225 
Peritonitis,  post-operative,  its  treatment  sur- 
gically and  by  Fowler's  position,  156 
Peroneal  artery,  ligation  of,  525,  526 
Perrin,  Maurice,  subastragaloid  amputation  of, 

328 
Perthes,  report  of  operations  for  rehef  of  habit- 
ual dislocation  of  the  shoulder,  50 
Pes  cavus,  in  infantile  paralysis,  816,  821,  822, 
832 
reduction  of,  906 
Petit's   screw   tourniquet   to   prevent   hemor- 
rhage, 266 
Phalanges  of  the  fingers,  amputations  of,  281, 

285 
Phelps'  bed,  for  Pott's  disease,  964 

operation  for  tahpes,  908 
Physiological  torticollis,  806 
Pigeon-toe,  892 


Pirogoff's  amputation  of  the  foot,  332 
Plaster,  adhesive,  as  a  dressing,  537 

varieties,   and  different   applications 
of,  591-594 
Plaster  corset,  for  Pott's  disease,  970 

helmet,  retention  dressing   for  torticollis, 

778 
Plaster-of-Paris  jacket  for  Pott's  disease,  964 
application  of,  by  suspension,  9()5 

in  hammock,  967 
Plastic  ojierations  (and  see  Plastic  surgery),  611 
flap  formation,  614 

Burow's  method,  615 

Croft's  method,  619 

Dieffenbach's  method,  615 

French  method,  613,  614,  674,  684 

Indian  method,  613,  614,  672,  680 

Itahan  method,  613,  618,  678,  685 

Jaesche's  method,  616 

Letenneur's  operation,  616 

Shrady's  method,  618 

Tagliacozzi's  method,  613 

von  Bruns'  operation,  617 

Weber's  operation,  618 
general  principles,  611 
on  cheek,  638 
on  ears,  718 
on  extremities,  627 
on  eyelids,  667 
on  face,  637 
on  hands,  630 
on  lips,  648,  652 
on  mouth,  665 
on  neck,  627 
on  nose,  679 
on  scalp,  628 
on  trunk,  627 
skin-grafting,  620 
Plastic  surgery  (and  see  Plastic  operations),  610 
as  applied  to  different  regions  of  the  body, 

627 
general  considerations,  610 
of  cheek,  638 
of  ears,  717 
of  extremities,  627 
of  eyelids,  667 

blepharoplasty,  672 

ectropion,  668 
of  face,  637 
of  hands,  630 
of  lower  lip,  652 
of  mouth,  665 
of  neck,  627 
of  nose,  679 

absence  of  nose,  717 

artificial  noses,  717 

flap  formation,  682 

increased  size  of  nose,  716 

prosthesis,  717 
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Plastic  surgery  of  nose,  repair,  703 
replacement,  691 
restoration,  693,  700 
saddle,  706 

supports  for  new  nose,  692 
of  scalp,  628 
of  trunk,  627 
of  upper  lip,  648 
prosthesis,  625 
replacing  a  lost  thumb,  633 
skin-grafting,  620 
transfer  of  severed  members,  624 
webbed  fingers,  634 
Pleura,  puncture  by  aid  of  local  ana-sthesia,  245 
Pneumonia,   as  influencing  the  use  of  anes- 
thetics, 225 
post-operative,  157 
Poliomyelitis,  anterior  (and  see  Paralysis,  in- 
fantile), 807,  867 
Pollock's  operation   of  disarticulation  at   the 

knee  joint,  345 
Popliteal  artery,  ligation  from  the  inner  side  of 

the  thigh,  .521 
Poroplastie  collar  for  Pott's  disease,  975 
Post's  (Alfred  C.)  operation  for  restoration  of 

lower  lip.  664 
Pott's  disease,  927 

abscess  in,  935,  947,  954 
administration  of  tuberculin  in,  959 
ambulatory  treatment,  964 
anatomical  considerations,  927 
attitude  in,  940,  943,  944,  945,  952 
Calot's  operation,  983 
care  of  jiatient  on  a  frame,  963 
complications,  947 
abscess,  947 
paraplegia,  950 
corset  for,  975 
deformity  in,  945 
diagnosis,  951 
dietetic  regimen  in.  9.55 
differential  diagnosis,  955 
distortion  of  aorta  in.  938 
elevation  of  ribs  in,  9.30 
etiology,  936 

influence  of  age,  937 
of  heredity,  938 
of  sex,  937 
of  trauma,  938 
gait  in,  940 
head  supports  for,  972 
historical  sketch.  927 
hygienic  measures  in,  958 
jury  mast  for,  972 
localization  of  di.sease,  938 
lordosis  in,  932 
mechanical  treatment,  960 
mediastinal  abscess,  treatment  of,  981 
meilicinal  treatment,  959 


Pott's  disease,  Minerva  jacket  for,  969 
muscular  rigidity  in,  940 
nomenclature,  927 
occipital  support  for,  973 
operative  treatment,  982 

Calot's  operation,  983 
pain  in,  943,  954 
paraplegia  in,  950,  9.55 
treatment  of,  982 
pathology,  929 
abscess,  935 
compensatory  lordosis,  932 

gross  appearance,  929 

histological  structure,  931 

peh'ic  changes,  933 

spinal-cord  changes,  934 

thoracic  changes,  933 

visceral  changes,  934 
pelvic  changes  in,  933 
plaster  corset  for,  970 
plaster-of-Paris  jacket  for,  964 

application  of,  by  suspension,  965 

in  hammock,  967 
poroplastie  collar  for,  975 
prognosis,  957 
psoas  abscess  in,  950 
recmnbent  treatment,  961 
referred  pain  in,  944 
retro-oesophageal  abscess  in,  949 
retropharyngeal  abscess  in,  949 

treatment,  980 
sinuses,  treatment  of,  981 
Bier  method.  981 
sjiinal-cord  changes  in,  934 
steel  supports  for,  971 
supports  for,  choice  of,  976 

when  to  discontinue,  977 
«      symptoms,  939 

attitude  and  gait,  940 

deformity,  945 

muscular  rigidity,  940 

pain,  943 

referred  pain,  944 
Taylor  chin  cup  for,  973,  977 
Thomas  collar  for,  974 
thoracic  changes  in,  933 
treatment,  958 

administration  of  tuberculin,  959 

ambulatory,  964 

dietetic,  959 

hygienic,  958 

mechanical,  960 

medicinal,  9.59 

operative,  982 

recuml)cnt,  961 
treatment  of  complications,  978 

of  abscess,  978 

of  mediastinal  abscess,  981 

of  paraplegia,  982 
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Poll's   iliseaso,   (rcatiiient   of   retropharyngeal 
abscess,  980 
of  sinuses,  981 
"trinity  of,"  9r)l 
visceral  changes  in,  934 
Pott's  paraplegia,    diagnosed    from     iiifimtile 

paralysis,  824 
Pregnancy  and  partiirilioii.  the  choiee  of  an 

ana-sthetic  in,  225 
Pregnancy  considered  as  a  contra-inchoation  to 

operating,  125 
Preparations  for  an  operation,  care  and  com- 
fort of  the  anaesthetized  patient,  1 4S 
choice  of  ana;sthetic,  147 
details   of   local   preparation    of   the 

patient,  132-134 
diagnosis,  as  based  upon  the  history 

and  physical  examination,  120 
drainage  material,  139 
dressings,  142 

general  preparation  of  the  patient,  131 
hands  and  gloves  of  operator  and  as- 
sistants, 135 
haemostasis,  149 
incision,  149 

instrviments  and  suture  materials,  136 
isolation  of  the  operative  field,  150 
list  of  instruments,  appliances,  etc., 

that  may  need  to  be  carrietl,  147 
operating-room  at  hospital,  143 
operating-room  at  patient's  home,  144 
operation  itself,  and  the  care  of  the 
patient    during    and    immediately 
after  the  operation,  126 
prognosis  as   based   upon    age,    sex, 
occupation,      constitutional       and 
chronic  diseases.  127,  128 
prognosis  as  based  upon  habits  an4 

temperament,  130 
sponges  and  pads,  138 
surgeon  and  assistants,  134 
survey  of  the  field,  150 
Pressure  bandages,  595-600 
Profunda  femoris  artery,  ligation  of,  519 
Prosthesis  in  plastic  surgery,  625-627 
Delanger's  method,  625 
Eckstein's  method,  625 
Gersimy's  method,  625 
Lermoyez's  method,  625 
risks  of,  626 
Pseudo-paralyses,     diagnosed     from     infantile 

paralysis,  825 
Psoas  abscess,  in  Pott's  disease,  950 
Psychical  torticollis,  805 
Pulmonary  conditions  as  contra-indications  to 

operating  and  to  general  anaesthesia,  120 
Pulmonary  embolism,  post-operative,  161-162 
Puncture,  exploratory,  its  objects  and  practice, 
600 


Puncture,  lumbar,  602 

Radio-ulnar  joint,  distal,  dislocation  of,  64 
Radius,  dislocation  of,  58 
backward,  61 
downward,  62 
outward,  62 
excision  of,  418 
Railway  spine  diagnosed  from  Pott's  disease, 

956 
Raoult's  operation  for  repair  of  septum,  704 
Rectiun,  surgery  of,  with  local  anajsthcsia,  250- 

252 
Rectus  capitis  anticus  major  muscle,  anatomy 
of,  788 
minor  muscle,  anatomy  of,  788 
Rectus  capitis  laterahs  muscle,  anatomy  of,  788 
Rectus  capitis  posticus  major  muscle,  anatomy 
of,  788 
minor  muscle,  anatomy  of,  788 
Referred  pain,  in  Pott's  disease,  944 
Renal    complications,    post-ana;sthetic,     their 

prophylaxis,  230 
Renal  disease,  as  influencing  the  choice  of  an- 

;esthetics,  226 
Rendle's  mask,  187 

Reparative  surgery  (see  Plastic  surgery),  610 
Replacement  of  nose.  691 
Resection  of  acromial  joint,  402 
of  clavicle,  402 

of  hip  by  anterior  incision,  as  recommended 
by   Hueter,   Barker,    Luecke.    anrl 
Schede,  432-434 
Kocher's  method,  432 
Langenbeck's  incision,  431,  432 
Sprengel's  incision,  432 
Wliite's  posterior  incision,  430 
of  lower  jaw,  385 

complete,  387-389 

osteoplastic,  389 

partial,  386 

use   of  the   interdental    splint,   387, 

388 
use  of  Martin's  gutta-percha  jaw  and 
of  metal  splints,  389 
of  metacarpal  and  phalangeal  bones  and 

their  joints,  426 
of  ribs,  406 

of  sterno-clavicular  articulation,  402 
of  tarsus,  osteoplastic,  by  the  Wladimiroff- 

Mikulicz  method,  463 
of  temporo-maxillary  articulation  tor  the 
relief  of  fixation  of  the  lower  jaw,  390 
of  upper  jaw,  osteoplastic,  with  Langen- 
beck's incision,  384,  385 
temporary,  the  term  defined.  372 
Respiratory  disturbances,  post-antesthetic,  the 
several    affections    embraced    in    the    name 
ether  pneumonia,  229 
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Retention  of  urine,  post-operative,  158 
Retractor  bandages,  580 

Retrocollis,  due  to  low  dorsal  Pott's  disease,  783 
Retro-CEsphageal  abscess  in  Pott's  disease,  949 
RetropharjTigeal  abscess  in  Pott's  disease,  949 

treatment,  980 
Reverdin  method  of  skin  grafting,  620 
Rhachitic  spine  diagnosed  from  Pott's  disease, 

956 
Rheumatism,  diagnosed  from  infantile  paraly- 
sis, 826 
Khinoplasiy,  679 

Berger's  method,  686 

Blasius'  method,  683,  685 

Delpech's  method,  683 

Dieffenbach's  method.  681,  688 

Fabrizi's  operation,  688 

Finney's  method.  691 

formation  of  flaps,  682 

French  method  of  operation,  684 

Hardie's  operation,  690 

Helferich's  method,  685 

Indian  method  of  operation,  680 

Israel's  method,  689 

Italian  method  of  operation,  685 

Keegan's  method,  685 

Koenig's  method,  684,  692 

Kuestcr's  method,  689 

Labat's  method,  681,  683 

Landreau's  method,  681 

Langenbeck's  method,  683 

Linhart's  method,  683 

Lisfranc's  method,  681,  683 

N61aton's  method,  684 

OlUer's  method.  692 

Ombredanne's  method,  684 

Rotter's  method,  692 

Steinthal's  operation,  688 

Thiersch's  method,  685 

Verneuil's  method,  685 

Vredena's  method,  690 

von  fJraefe's  method,  683,  688 

von  Hacker's  method,  692 
Ribs,  dislocations  of,  28 

resection  of,  406 

as  done  undfer  local  anaesthesia,  245 
Richet's  operation  for  ectropion,  669,  670 
Riedel's  method  of  using  lateral  traction  in  re- 
duction of  forward  dislocations  of  the  hu- 
merus, 43 
Hiedinger's    cla.ssification    of    congenital    de- 
formities, 733 
Rixford,  I'.mmet,  on  dislocations,  3 
Roberts'  operation  for  saddle  nose,  715 
Rodman,  John  Stewart,  on  amputations  and 

disarticulations,  263 
Rodman,  WilUam  L.,  on  amputations  and  dis- 
articulations, 263 
Roller  bandages,  \arieties  of.  547-576 


Rose's  posture  for  extirpation  of  the  tongue, 
217 

Roser's  method  of  treating  dislocations  back- 
wards of  both  bones  at  the  elbow,  55 

Rotter's  method  of  rhinoplasty,  692 

Rouge's  method  of  restoring  lower  part  of  nose, 
703 

Roux's  disarticulation  at  the  ankle  joint,  332 

Sacro-iliac  synchondrosis,  strain  and  partial 

dislocation  of,  28 
Satldle  nose,  625,  706 

Czerny's  operation,  710 

Czerwinski's  operation,  715 

De  Page's  operation,  709 

Dieffenbach's  method,  707 
operations,  707,  714 

Ferguson's  method,  707 

Helferich's  operation,  712 

Israel's  operations,  708,  713 

Langenbeck's  operation,  714 

Mikulicz's  operation,  711 

Nelaton  and  (Ombredanne's  operation,  709 

Neumann  and  Szymanowski's  operation, 
713 

Roberts'  operation,  715 

Schimmelbusch's  operation,  712 

Szymanowski's  operations,  713,  715 

Trendelenburg's  operation,  712 

von  Mangokl's  operation,  70S 
Sampson  of  Albany,  his  method  of  controlhng 
hemorrhage  following  pelvic  operations,  168 
Sandclin's  operation  for  restoration  of  lower 

Up,  660 
Sarcoma  of  sjjine,  diagnosed  from  Pott's  dis- 
ease, 955 
SatelUte  veins,  described,  471 
Sayre's  (Lewis  A.)  apparatus  for  torticollis,  779 
Sayre's  (Reginald)  apparatus  for  torticollis,  780 
Scalp,  plastic  surgery  of  the,  628 

Tillmanns'  method  of  bridging  a  defect  in, 
630 
Scaphoid,  dislocations  of,  67 

(navicular),  di.slocations  of,  102 
Scapula,  congenital  elevation  of,  735 

excision  of  the  glenoid  angle  of,  405 

excision  of  entire,  403-405 

partial  excision  of,  405 
Scarification,  604 

Schimmelbusch's  operation  for  restoring  the 
check,  647 

operation  for  saddle  nose,  712 
Schinzinger's  method  of  reducing  forward  dis- 
locations of  the  humerus  by  rotation,  45 
Schleich's  system  of  ansesthetic  mixtures,  171 
Sciatic  artery,  ligation  of,  510 
Scoliosis,  diagnosed  from  Pott's  disease,  956 
Scultetus,    abdominal,     of    adhesive    plaster, 
594 
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fc5i:dilU)t's  metliod  of  rc]>airin(;;  septum,  705 
method  of  restoring  the  al;p,  697 
modification  of  Pirogoff's  amputation,  334 
operation  for  restoring  upper  hp,  650 
Semihmar  bone,  dislocation  of,  66 
iSemihinar  cartilages,  dislocations  of,  S9,  00 
Senn's  bloodless  anii)Utation  at  the  lii))  joint, 
355 
operation    for    excision    of    llie    shoulder 

joint,  400 
operation  for  restoring  upper  liji  and  face, 
651 
Septum  of  nose,  repair  of  lower  part  of,  703 
Sorre's  operation  for  repair  of  septum,  703 

operation  for  restoration  of  lower  lip,  654 
operation  on  mouth,  667 
Shock,  choice  and  management  of  anaesthetics 
in,  226 
in  relation  to  time  of  amputation,  deduc- 
tions from  ana'sthesia,  temperature,  ex- 
citement, etc.,  277 
Shoes,  proper,  880 

Shoulder-joint  amputation,  combined  circular 
and  vertical  method,  307 
Dupuytren's  operation,  307 
Larrey's  operation,   with  Farabeuf's 

modification,  306,  307 
methods,  303 
methods  of  controlUng  hemorrhage, 

302 
Spence's  operation,  303-305 
congenital  dislocation  of,  738 

treatment,  740 
disarticulation  by  the  racquet  incision,  309 
disarticulation  of  arm  and  shoulder  girdle, 

anterior  incision,  311 
excision  of,  392-401 
infantile  paralysis  of,  818 
obstetrical  paralysis  of,  738 

treatment  of,  740 
resection  of,  for  unreduced  dislocation,  400, 
401 
Shrady's  method  of  transferring  flaps,  618 
Sickness,  post-anasthetic,  its  prophylaxis  and 

management,  228 
Simon's  method  of  using  lateral  traction  in  re- 
ducing forward  dislocations  of  t  he  humerus,  43 
Simpson  as  introducer  of  chloroform  as  an  an- 
aesthetic, 169 
Skey's  modification  of  Lisfranc's  operation,  324 
Skin,  local  amesthetization  of,  240 
Skin  grafting,  620-624 

Keverdin  method,  620 
Thiersch  method,  620 
Wolfe-Krause  method,  622 
Skin,  methods  of  filling  in  gaps  in  the,  614 
Sling  for  lower  extremity,  577 
for  upper  extremity,  576 
Smith's  (Noble)  operation  for  torticollis,  802 


Smith's  (R.  W.)  modification  of  Lisfranc's  op- 
eration, 324 
Smith's  (Stephen)  statistics  of  recovered  am- 
putations done  in  the  period  of  shock,  278 
Soluble-glass  bandages,  590 
Solutions  of  cucain  B  for  local  anaesthesia,  235 

for  local  ana>sthesia,  Braun,  235 
Somnoforme  as  an  ana-sthetic,  171,  207 
jiroperties  and  mode  of  inhalation,  207 
signs  of  complete  an;esthesia  under,  208 
Somnoforme-ether  sequence  for  ansesthesia,  210 
Spanish  windlass,  263,  266 
Spasm,  spinal  accessory,  786 
Spasmodic  torticollis,  767,  786 
Spastic  infantile  paralysis,  tliagnosed  from  in- 
fantile paralysis,  823 
Spence's    operation    for    amputation    at    the 
shoulder  joint,  advantages  claimed  for  this 
method,  303-305 
Spermaceti,  in  plastic  operations,  625 
Spinal  ansesthesia.  Bier's  method  of  injection, 

259,  260 
Spinal   accessory   nerve,    neurectomy   of,    for 
torticolUs,  800 
operations  on,  800 
Spinal  accessory  spasm,  786 
Spinal  column,  tuberculous  disease  of,  and  the 
deformities    residting    therefrom    (and    see 
Pott's  disease),  927 
Spine,  anatomy  of,  927 

attitude  of,  in  stooping,  941 
caries  of  (and  see  Pott's  diseases),  927 
curvature  of,  angular  (and  see  Pott's  dis- 
ease), 927 
antero-posterior  (and  see  Pott's  dis- 
ease), 927 
curves  of,  928 
flexibility  of,  942 

rigidity  and  flatness,  in  diseased,  943 
roundness  of,  in  stooping,  953 
Splay-foot  (and  see  Weak  foot),  872 
Splenius  muscle,  anatomy  of,  787 
Splint,  Bavarian,  description  of,  583 

Brown's  (Buckminster)  for  torticollis,  788, 

789 
plaster,  590 

retention,  for  torticollis,  785 
Spondylitis  deformans  diagnosed  from  Pott's 

disease,  956 
Spondylolisthesis  diagnosed   from   Pott's  dis- 
ease, 956 
Sponges  and  pads,  how  sterilized  and  prepared 

for  use  at  operations,  138 
Sprain  tliagnosed  from  Pott's  disease,  956 

of  foot,  chronic,  880 
Starch  bandages,  590 

Starr,  Clarence  L.,  on  tuberculous  disease  of 
the  spinal  column  and  the  deformities  re- 
sulting therefrom,  927 
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Steel  brace,  Taylor's  (C.  F.),  971 
Steel  supports  for  Pott's  disease,  971 
Steinthal's  operation  for  rhinoplasty,  688 
Sterno-cleido-mastoid  muscle,  anatomy  of,  787, 
788 
section  of,  for  torticollis,  774 
tenotomy  of,  for  tortionUis.  774 
Stewart,  George  D.,  on  Torticollis,  707 
Stiff-neck,  treatment  of,  785 
Stinison,  Lewis  A.,  statistical  tables  of  dislo- 
cations, quoted  from,  11-13 
method  of  reduction  of  backward  dislo- 
cations of  the  liip,  79 
method  of  using  lateral  traction  in  reduc- 
ing forward  dislocations  of  the  hiunerus, 
43,  44 
theory  of  congenital  dislocations,  734 
Stokes'    supracondyloid    amputation    at    the 

knee  joint,  347 
Stomach,  acute  dilatation   of,  post-operative, 

154 
Stone,  James  S.,  article  on  Plastic  surgery,  610 
Stooping,  attitude  of  spine  in,  941 

roimdness  of  spine  in,  953 
Stovain  as  a  local  anaesthetic,  233 

as  used  for  spinal  anssthesia,  259 
Stinnp,  ct>nical,  causes  of,  269 

its  ability  to  withstand  pressure  and  pres- 
sure-stretching, 268 
requisites  of  a  serviceable  one,  269 
Subastragaloid     amputation     by     Farabeuf's 
method,  329 
disarticulation  by  Verneuil's  method,  328 
disarticulation,  the  racquet  operation  of 

Maurice  Perrin,  328 
dislocation  (luxatio  sub  talo),  98 
Subclavian  artery,  ligature  of,  493-495 
Substitutes  for  cocaine  as  local  anipsthetics,  233 
Suppression  of  urine,  post-operative,  159 
Suppuration  of  the  knee  joint  as  an  indication 

for  excision,  438 
Surgeons  and  assistants,  their  personal  prep- 
arations for  an  operation,  134 
Surgery,  orthopedic,  729 

Sylvester's  method  of  artificial  respiration,  196 
Syme's  amputation,  271 

modification  of  the  circular  amputation  of 

the  thigh,  349 
operation  for  disarticulation  at  the  ankle 

joint,  329-332 
operation,  instruments  required  and  de- 
tails of  the  procedure,  330 
operation  for  restoration  of  lower  lii:>,  657 
Syndactylism,  634 

Sj'philis  as  a  cause  of  pathological  dislocation, 
8 
diagnosed  from  Pott's  disease,  955 
Syringes  and  needles,  for  injections  for  spinal 
ana-sthesia,  258,  259 


Szymanowski's  method  of  blepharoplasty,  675 
of  restoring  lower  part  of  nose,  703 
operation  for  ectropion,  670 

for  making  an  external  ear,  719 
for  saddle  nose,  713,  715 

Tablets  for  use  in  local  anEesthesia.  and  ster- 
ilization of  them,  235 
Tagliacczzi's  method  of  plastic  surgery  (and 

see  ItaUan  method),  613 
Talipes,  896 

acquired,  897,  913 

arthrodesis  for,  921 
etiology,  914 

relative  frequency  of  forms  of,  914 
tendon-transplantation  for,  920 
treatment,  917,  920 
calcaneo-valgus,  897 
calcaneo-varus,  897 
calcaneus,  897 

acquired,  919,  922 

arthrodesis  for,  923 
correction  of  deformity  in.  923 
operations  for  advanced  deform- 
ity, 924 
tendon  shortening  for,  923 
tendon  transplantation  for,  923 
treatment,  923 

Whitman's  operation  for,  924 
congenital,  912 
in  infantile  paralysis,  815,  818,  820, 

831 
Judson's  brace  for,  920 
paralytic,  919 
cavus,  Lorenz's  method  of  reduction,  906 
congenital,  897 

astragalectomy  for,  909 

complications,  911 

cuneiform  osteotomy  for.  911 

etiology,  897,  898 

Eschricht  and  Berg's  theory  of.  898 

forcible  manual  correction  of,  904 

Lorenz's  method  of  reduction.  906 

Phelps'  operation  for,  908 

relati\e  frequency  of  forms  of,  899, 

914 
treatment,  900 
varieties,  897 
equino-valgus,  897 
treatment,  918 
equino-varus,  897,  899 
brace  for,  831 

forcible  manual  correction,  904 
in  infantile  paralysis,  815,  819,  830 
treatment,  900,  918 
equinus,  897 

acquired,  916 

treatment,  917 
in  infantile  paralysis,  815,  823 
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Talipcfi.    equimi.s,    Lorenz'.s  inctliuil  of   re<liic- 
tion,  OOG 
paralytif,  917 
reduction  of,  OOfi 
etiology,  897 
valgus,  897,  926 
oongouital,  912 

in  infantile  paralysis,  81,5,  SUi,  8.'{1 
varus,  897 

in  infantile  paralysi.s,  81o,  817 
Lorenz's  method  of  reduction.  9011 
reduction  of,  906 
Tamponades  and  drains,  539-542 
Tarsal  bones,  dislocations  of  individual  ones,  100 
Tarso-metatarsal  articulations  as  grouped  by 

Henry  Morris  into  three  joints,  321 
Tarsus,  resection  of,  463 
Taylor  chin  cup,  for  Pott's  disease,  973,  977 
club-foot  brace,  910 
club-foot  shoe,  830,  831 
steel  brace,  971 
T-bandage,  abdominal,  or  abdominal  binder, 
578 
of  chest,  578 
single  and  double,  577 
Teale's  amputation  of  the  leg,  with  a  large  an- 
terior flap,  337 
Teething  paralysis,  807 
Temporo-maxillary   articulation,    excision    of, 

391 
Tendon  shortening   for  ac(|iiired   taUpes   cal- 
caneus, 923 
Tendon  transplantation  for  acquired  talipes, 
920 
for  acquired  talipes  calcaneus,  923 
for  infantile  paralysis,  836 
Lange's  method,  836,  841 
Vulpius'  method,  836 
Tenotomy,  for  infantile  paralysis,  834 

Willett's  method,  835 
Thiersch's  method  of  rhinoplasty,  685 
method  of  skin  grafting,  620 
applying  the  grafts,  620 
cutting  the  grafts,  620 
dressings,  622 

preparation  of  the  field,  620 
Thigh,   amputation  of,'  by  equal  antero-pos- 
terior  flaps,  349 
by  equal  lateral  flaps  (Vennale),  349 
by  the  long   anterior  and  short  pos- 
terior flaps  (Farabeuf),  349 
immediately  above  the  knee  joint,  345 
Syme's   modification   of  the  circular 
method,  349 
circular  amputation  of,  347 
hyperextension  of,  normal,  952 
Thomas'  brace  for  knock-knee,  864,  865,  866 
collar,  for  Pott's  disease,  974 
wrench,  for  talipes,  907 


TlioiupNon'.s  operation   for  n\storation  of  alie, 

695 
Thrombosis  and  embohsm,  post-operative,  160 
Thumb,  amputations  and  disarticulations  of, 
285 
dorsal  dislocation  of,  68,  69 
Nicoladoni's  operation  for  replacing  lost, 

633 
simple   and    complicated   dislocations   of, 
treatment,  68-71 
Tliyroidectomy,  choice  of  anaesthetic  for,  218 
Tibia,  dislocations  of,  85 
excisions  of,  455 
osteoplastic  operations  on,  457 
Tillnianns'  method  of  bridging  a  defect  in  the 

scalp,  630 
Toe,  Morton's,  886 
Toes,  amputations  of,  312-316 

dislocations  of,  104 
Tongue,   Bartlett's   use   of,    in    repairing   the 

cheek,  639 
Torticollis,  767 

acquired,  767,  781 

deformity  in,  783 
diagnosis,  784 
etiology,  782 
pain  in,  784 
pathology,  783 
prognosis,  785 
symptomatology,  783 
treatment,  785 
apparatus  for  after-treatment  of,  780 
Bratz's  retention  splint  for,  785 
Brown's   (Buckminster)   splint   for,    788, 

789 
classification,  767 
congenital,  767 

cUnical  history,  770 
deformity  in,  770,  771 
diagnosis,  772 
etiology,  767,  770 
pathology,  767 
prognosis,  773 
treatment,  773 

apparatus    for    after-treatment, 

780 
maintenance  of  reduction,  779 
open  operation,  774 
subcutaneous  tenotomy,  774 
habit,  806 
irregular,  767,  804 
habit,  806 
mental,  806 
ocular,  806 
paralytic,  804 
physiological,  806 
psycliical,  805 
meaning  of  the  term,  767 
mental,  806 
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Torticollis,  occupation,  783 
ocular,  806 
paralytic,  804 
physiological,  806 
psychical.  805 
retention  dressing  for,  77S 
Sayre's  apparatus  for,  77'.*.  780 
spasmodic,  767,  786 

action  of  muscles  in,  788 

anatomy  of,  786 

course  of  disease,  798 

diagnosis,  798 

etiology,  793 

incisions  employed  in  operations  for, 

790 
mechanical  treatment,  799 
medicinal  treatment,  798 
operative  treatment,  799 
Keen's  operation,  8012 
Kocher's  operation,  800,  803 
muscle  section,  800,  803 
neurectomy,  800 
neurotomy,  800 
Smith's  (Noble)  operation,  802 
tenotomy,  800 
pathology.  794 
prognosis,  804 
results,  804 
symptoms,  796 
voluntary  habit,  783 
Tourniquet,  india-rubber,  its  application,  596 
Trachelo-mastoid  muscle,  anatomy  of,  787 
Tracheotomy,  choice  of  aniesthetic  for,  218 

by  local  ana'sthesia,  244 
Transfusion  of  blood,  direct,  Crile's  method  of, 

607-609 
Transverse  myelitis,  diagnoseil  from  infantile 

paralysis,  824 
Trapezius  muscle,  anatomy  of,  787 
Treatment,  post-operative,  151 

of  uncomplicated  cases,  151 
TrSlat's  operation  for  restoration  of  lower  lip, 

658 
Trendelenburg  fixtures,  portable.  146 
Trendelenburg's  operation  for  sadtlle  nose,  712 
Triangles  of  neck,  790 
"Trinity  of  Pott's  disease,"  951 
Tripier's   operation   with  section  of  the  calca- 
neus, 326 
Tropococain  as  a  local  ana'sthetic,  233 
Trunk,  congenital  dislocations  of,  735 
plastic  surgery  of,  627 
posterior  aspect  of,  infantile  paralysis  of, 
817 
Tubby's  classification  of  congenital  deformi- 
ties, 733 
Tuberculin,  use  of,  in  Pott's  disease,  959 
Tuberculosis  as  a  cause  of  pathological  luxa- 
tion, its  treatment,  8 
VOL.  IV. — 64 


Tuberculosis  as  an  indication  for  excision  of 
the  elbow  joint,  statistics  of  Koenig  and 
Kocher,  407 
of  knee   as    an    indication   for    excision, 
the  question  of  amputation,  437 
as  an  indication  for  excision,  the  use 
of  modern  technique  and  sharp  dis- 
section as  influencing  its  employ- 
ment, 435,  436 
as  indicating  excision,  age  and  social 

position  as  factors,  436 
as  an  indication  for  excision,  the  stage 
of  the  disease  as  a  guide.  437 
of  shoulder  joint  as  an  indication  for  ex- 
cision, 395 
Tuberculous  abscess,  treatment  of.  978 
Tuberculous  disease  of  the  spinal  column,  and 
the  deformities  resulting  therefrom  (antl  see 
Pott's  disease),  927 
Tumors  of  the  head  of  the  himieriis  as  indica- 
tions for  excision,  396 
Twisting  the  foot,  for  flat  foot,  885 
Typhoid  spine,  tliagnosed  from  Pott's  disease, 
955 

Ulna,  diastasis  of  the  head  of,  64 

isolated  dislocation  of,  at  the  elbow,  58 
Umbrella  tampon,  539 

Upper  extremity,  infantile  paralysis  of,  818 
Upper  lip,  plastic  surgery  of  the,  648 

Vaccination,  603 

Vaccination,    cupping,    venesection,    transfu- 
sion, hypodermoclysis  and  other  minor  sur- 
gical procedures,  603-609 
Van  Verts'  operation  for  restoring  the  cheek, 

647 
^'ascular  apparatus,  its  conditions  as  influenc- 
ing the  choice  and  dangers  of  operation,  113- 
115 
Vaseline,  use  of,  in  plastic  operations,  625 
Veins,  lateral  ligation  of,  535,  536 

lateral  ligature  of.  Braun's  statistics,  536 
ligature  of,  in  their  continuity,  ojjerative 

technique,  528 
temporary    ligation    of,    and    ligation    of 

veins  en  masse,  536 
various  operative  procedures  upon,  535 
Venesection,  605,  606 
Verneuil's  method  of  rhinoplasty,  685 

operation   of   subastragaloid  amputation, 
328 
Vertebra^,  anatomy  of,  929,  931 

caseation  of,  in  Pott's  disease,  932 
diastasis  of,  19 
dislocations  of  the,  18 
Vertebral  artery,  Hgature  of,  495,  496 
Vertebral  coUnnn.  anatomy  of,  927 
"Vincula  accessoria"  defined,  280 


1010 


INDEX. 


Viilkmann  block,  how  used,  r)4() 
Voluntary-habit  torticollis.  7.S.S 
von  Bruns'  modification  of  Pirosoft's  amputa- 
tion, 3.34 
operation  in  plastic  surgery,  617 
for  restoration  of  lower  lip,  662 
von  Gra'fe's  method  of  rhinoplasty,  683,  688 

operation  for  ectropion,  070 
von  Hacker's  method  of  rhinojilasty,  692 
von  Mangold's  operation  for  saddle  nose,  708 
von  Siklossy's  operation  (blepharoplasty),  675 
Vredena's  method  of  rhinoplasty,  690 
Vulpius'   method   of  tendon   transplantation, 
836,  837,  838,  839 

Walking,  attitudes  in.  874 

Ware's  ethyl-chloritlc  inhaler,  205 

Watts'  operation  for  restoration  of  lower  lip, 

064 
Weak-foot,  872,  875 

diagnosis,  878 

etiology,  875 

symptoms,  877 

treatment,  880 

twisting  the  foot  for,  885 

types  of,  879 

Whitman's  brace  for,  883 
Webbed  fingers,  634 

Diday's  operation  for,  635,  636 

Didot's  operation  for.  635 

Nelaton's  operation  for,  635 
Weber's  method  of  restoring  the  alae,  097 

operation   for   flap   formation,  in   plastic 
surgery,  618 


Whitaci'e,  Horace  .1.,  on  excisions  of  bones  and 

.joints,  367 
Whitman  (Royal)  on  deformities  and  disabili- 
ties of  tlie  lower  extremities,  848 
Whitman's  brace  for  weak-foot,  883 
frame  for  Pott's  disease,  962 
method  for  overcoming  flexion  deformity, 

4,52 
peration  for  talipes  calcaneus,  924 
Willett's  method  of  tendon-lengthening,  835 
Wire  cuirass,  for  Pott's  disease,  964 
Wladimiroff-Mikulicz  osteoplastic  resection   of 
the  foot,  334 
osteoplastic   resection   of    the  tarsus,  re- 
sults, 464 
Wolfe-Krause  method  of  skin  grafting,  622 
Wrist,  congenital  dislocation  of,  742 
Madelung's  deformity,  743 
treatment,  746 
disarticulations  at,  287 
dislocations  of,  64 
excision  of,  419-426 
infantile  paralysis  of,  818 
Madelung's  deformity  of,  742,  743 
Wry- neck  (and  see  Torticollis),  767 

diagnosed  from  Pott's  disease,  956 
Wyeth's  method  of   haemostasis  as  applied  to 
amputation  at  the  hip  joint,  352 
method  of   haemostasis  as   applied   to  an 
amputation  at  the  .shoulder  joint,  302 

youNG'.s    theory    of     congenital     deformities, 
734 
of  congenital  dislocations,  734 
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